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The first epileptic seizure 
is most likely to occur 
during early childhood and 
at the onset of puberty 


About 9 out —.-pileptics experience their first seizure before the 
age of 20—with the highest incidence between 5 and 7, when chil- 
dren start school, and at the onset of puberty, a time of physiological 
and psychic turmoil.! The most common type, grand mal, occurs 
in approximately 75% of epileptic children,’ and more than 50% 
of patients who suffer initially from petit mal develop grand mal 
seizures before they reach the age of 16.7 


Mysoline (primidone) for 


control of grand mal,psycho- 


motor and focal epilepsy 


At the onset and afterwards — used alone or as concomitant 
therapy, MYSOLINE may reduce the frequency and severity of 
major motor seizures—or even eliminate them. Excellent for con- 
trol of grand mal. Valuable for control of psychomotor!-4 and 
focal epilepsy as well. 


Add Mysoline when control with other anticonvul- 
sants is inadequate —As concomitant therapy, MYSOLINE can 
improve seizure control in grand mal and psychomotor epilepsy. 
The combined use of phenobarbital, diphenylhydantoin, and 
MYSOLINE may have additive anticonvulsant effects without addi- 
tive side effects.° 


Change to Mysoline when other anticonvulsants fail— 
A changeover to MYSOLINE is frequently warranted when other 
anticonvulsants must be discontinued because of important side 
effects, or when grand mal seizures are refractory to phenobarbital, 


with or without diphenylhydantoin.’ 
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May be the start of a 
better life for the epileptic 


See following page of advertisement for prescribing information. 7538 


Tablets 250 mg. 
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Mysoline" (primidone) 


may be the start of a better life for the epileptic 


initial and maintenance therapy for 
grand mal, psychomotor and focal epilepsy 


BRIEF SUMMARY MYSOLINE” brand of PRIMIDONE 


(For full prescribing information, Anticonvulsant 


see package circular.) ACTIONS: MYSOLINE acts on the central nervous system 
to raise seizure threshold or alter seizure pattern. The mecha- 
nism(s) of action of anticonvulsant drugs is not known. 


Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA): the other is 
phenobarbital. In addition to its own anticonvulsant potential, 
PEMA potentiates phenobarbital. 


INDICATIONS: Mvs )LINE, either alone or used con- 
comitantly with other anticonvulsants, is indicated in the con- 
trol of grand mal, psychomotor, and focal epileptic seizures. It 
may control grand mal seizures refractory to other anticonvul- 
sant therapy. 


CONTRAINDICATIONS: Primidone is contraindicated 
in: 1) patients with porphyria and 2) patients who are hyper- 
sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 


medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes several days 
betore it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the use of anticonvulsant drugs by women with 
epilepsy and an elevated incidence of birth defects in children 
born to these women. Reference has been made to primidone in 
several cases in which it was used in combination with other 
anticonvulsants; but its teratogenicity hasnot been conclusively 
demonstrated. The possibility exists that other factors, e.g., 
genetic factors or the epileptic condition, may contribute to the 
higher incidence of birth defects. The data also indicate that the 
great majority of mothers receiving anticonvulsant medication 
deliver normal infants. 


Anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and risk to both mother and the unborn 


child. 


When the nature, frequency, and severity of the seizures do not 
pose a clear threat to the patient, good medical practice requires 
that the physician weigh the expected therapeutic benefit of 
anticonvulsant therapy against possible risk on an individual 
basis. 


Neonatal hemorrhage, with a coagulation defect resembling 
vitamin K deficiency, has been described in newborns whose 
mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K ; therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS: The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
uple analysis-12 (SMA-12) test should be made every six 
months. 


» In nursing mothers: There is evidence that in mothers 
| treated with primidone, the drug appears in the milk in sub- 
stanual quantities. Since tests for the presence of primidone in 

biological fluids are too complex to be carried out in the average 

clinical laboratory, it is suggested that the presence of undue 

somnolence and drowsiness in nursing newborns of 


^ MYSOLINF-treated mothers be taken as an indication that 


nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 
ring early side effects are ataxia and vertigo. These tend to dis- 
appear with continued therapy, or with reduction of initial 
dosage. Occasionally, the tollowing have been reported: nausea, 
ancrexia, vomiting, fatigue, hyperirritability, emotional dis- 
turbances, sexual impotency, diplopia, nystagmus, drowsiness. 
and morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the drug. 
AYERST LABORATORIES Megaloblastic anemia may occur as a rare idiosyncrasy to 
New York, N. Y. 10017 MYSOLINEand toother anticonvulsants. The anemia responds 


to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg. 
Increments of 250 mg. are added, usually at weekly intervals, 
to tolerance, or therapeutic effectiveness. up to daily doses not 
exceeding 2.0 Gm. A typical dosage schedule for the introduc- 
tion of MYSOLINE ( primidone) is as follows: 


Adults and Children Over 8 Years o f Age 


lst Week 2nd Week 
250 mg. daily at bedtime 250 mg. b.i.d. 


3rd Week 4th Week 
250 mg. t.i.d. 250 mg. q.i.d. 





In children under 8 years of age, maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage. 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 


In patients already receiving other anticonvulsants. 
MYSOLINE should be gradually increased as dosage of the 
other drug(s) is maintained or gradually decreased. This regi- 
men should be continued until satisfactory dosage level is 
achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 
* for initiation of combination therapy 
* during "transfer" therapy 
* for added protection in periods of stress or stressful situa- 
uons that are likely to precipitate seizures ( menstruation, 
allergic episodes, holidays, etc.) 


HOW SUPPLIED: MYSOLINE Tablets —No. 430 —Each 
tablet contains 250 mg. of primidone (scored). in bottles of 
100 and 1,000. Alsoin unit dose packageof 100. No. 431 — Each 
tablet contains 50 mg. of primidone (scored), in bottles of 100 
and 500. MYSOLINE Suspension —No. 3850 — Each 5 cc. ( tea- 
spoonful) contains 250 mg. of primidone., in bottles of 8 fluid- 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 
of Epilepsy in Infancy, Childhood and Adolescence. Springfield, 
111., Charles C Thomas, 1972, pp. 6, 7, 584. 2. Grossman. PETS 
Ill. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn, 
H.E: Current Therapy 1973, Philadelphia, Saunders, 1973. 
pp. 675-7. 4. Metrick, S.: C. M.D. 37:49 ( Jan.) 1970. 5. Forster. 
F.M.: Med. Clin. North Am. 47:1579 (Nov.) 1970. 6. White, 
P.T.: Wis. Med. J. 68:178 (Apr.) 1969. 7. Millichap, J.G.: 
Drug Ther. 1:15 (Oct.) 1971. 
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Our Model 4001 incorporates precision electronics, 
including a 256 x 256 display and compute matrix, to 
provide both high-quality density and spacial resolution. 
And throughout, the 4001 is designed for simple 
operation, reliability, and ease of servicing. 


CT for under $120,000. Sometimes you have to 
think big, to think smaller. 


Seeing is believing, so stop by our booth at the 
Mid-Winter show in March. 


Omnimecica! 


16312 Garfield Ave. * Paramount, California 90723 
Call collect (213) 633-6660 





ETSE | 
M 
r Cod cms 
- 24 xo bm 7 E 
> go Ps 


ef ns Sun HU M - 


na 


— w—— a wre 


( 
| 
| 
j 
| 
| 


Se SS m 
"T Le 


(M ee AD La m 
| 








8A 


E» 


Scored tablets h.s. enhance compliance and tolerability 





Once you select tbe appropriate maintenance dose, you 
can prescribe a single tablet of Endep b.s. secure in tbe knowledge tbat 
you can adjust the dose by a half tablet without requiring tbe patient to 
obtain a new Rx. The simplicity of this b.s. schedule not only encourages 
compliance, but lessens the likelibood of anticholinergic and sedative side 


effects during daytime. 


Scored tablets b.s. reduce confusion 





Bedtime dosage means that the patient bas only one dose 
of Endep to remember, thus minimizing possible confusion with other 
medications taken concomitantly. The built-in flexibility of the scored tablet 
permits balf-strengtb dosage adjustments without confusing the patient 
with a new color or size of medication. 






long-term maintenance 
more practical: 


Scored tablets b.s. promote economy 





The economy of Endep (amitriptyline HCI) is particularly evident 
during long-term maintenance therapy, when your patient is purchasing refills of 
the single strength you have prescribed. The b.s. schedule enables you to prescribe 
a single strength in place of a more expensive multiple-dose prescription. The scored 
tablet permits you to adjust the regimen without putting the patient through the 
expense of a new prescription fee, without wasting tablets and without necessitating 

. the purchase of more costly multiple-dose refills. 





: amitriptyline HCI/ Roche : 


The half-strength advantage 


Before prescribing, please see following page for a summary of product information. 
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a Fundamental fact 





50 mg 


Every tablet of 
Endep (amitriptyline HCI) 
is scored for precise, 
convenient adjustment 
of dosage. 


Warnings: May block action of guanethidine or similar 
antihypertensives. Use with caution in patients with 
history of seizures, urinary retention, angle-closure glau- 
coma, increased intraocular pressure. Closely supervise 
cardiovascular patients, hyperthyroid patients 

and those receiving thyroid medications. ims 
(Arrhythmias, sinus tachycardia and | 
prolongation of conduction time 
reported with use of tricyclic anti- 
depressants, including amitriptyline i 
HCI, especially in high doses. Myocardial =~” 
infarction and stroke reported with use 100 mg 

of this class of drugs.) May impair alertness; warn against 
hazardous occupations or driving a motor vehicle during 
therapy. Weigh possible benefits against hazards during 
pregnancy, the nursing period and in women of child- 
bearing potential. Not recommended inchildren under 12. 


Precautions: May exaggerate symptoms in schizo- 
phrenic and paranoid patients, or shift manic-depressives 
to manic stage; reduce dose or administer major tran- 
quilizer concomitantly. Close supervision and careful 
dose adjustments required when given with anticholin- 
ergic or sympathomimetic agents. Exercise care in 
patients receiving large doses of ethchlorvynol; transient 
delirium reported with concomitant administration. May 
enhance effects of alcohol, barbiturates and other CNS 
depressants. Because of the possibility of suicide in de- 





Half-tablet adjustment 
of dosage does not require 
a new Rx. 


GC O OC 


Single daily b.s. dosage 
promotes compliance and 


economy. pressed patients, do not permit easy access to large drug 
quantities in these patients. Because it may increase haz- 

ards of electroshock therapy, limit concomitant use to 

i i essential treatment. If possible, discontinue drug several 
Compliance with days before elective surgery. Both elevation and lowering 


of blood sugar levels have been reported. 


Adverse Reactions: Note: This list includes a few ad- 
verse reactions not reported with this specific drug but 

. requiring consideration because of similarities of tricyclic 
antidepressants. Cardiovascular: Hypotension, hyperten- 
sion, tachycardia, palpitation, myocardial infarction, 
arrhythmias, heart block, stroke. CNS and Neuromuscular: 
Confusional states; disturbed concentration; disorienta- 
tion; delusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, tingling 
and paresthesias of the extremities; peripheral neuro- 
pathy; incoordination; ataxia; tremors; seizures; alter- 
ation in EEG patterns; extrapyramidal symptoms; 
tinnitus. Anticholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, paralytic ileus, 
urinary retention, dilatation of urinary tract. Allergic: 
Skin rash, urticaria, photosensitization, edema of face 
and tongue. Hematologic: Bone marrow depression includ- 
ing agranulocytosis, eosinophilia, purpura, thrombocyto- 
penia. Gastrointestinal: Nausea, epigastric distress, vomiting, 
anorexia, stomatitis, peculiar taste, diarrhea, parotid 
swelling, black tongue. Endocrine: Testicular swelling and 
gynecomastia in the male, breast enlargement and 
galactorrhea in the female, increased or decreased libido, 


elevation and lowering of blood sugar levels. 


practical regimen promotes 
optimal response. 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 


" Indications: To relieve symptoms of depression 
(notably endogenous depression) and depression 
accompanied by anxiety. 


* Contraindications: Known hypersensitivity. Do 
not use with monoamine oxidase (MAO) inhibitors 
or within at least 14 days following discontinuation 
of MAO inhibitors since hyperpyretic crises, severe 
convulsions and deaths have occurred with con- 
comitant use; then initiate cautiously, gradually 
increasing dosage until optimal response is 
achieved. Use not recommended during acute 
recovery phase after myocardial infarction. 


about Endep 


amitriptyline HC] 


Roche 
"e 


25 mg 





Otber: Dizziness, 
weakness, fatigue, 
headache, weight gain or loss, 
increased perspiration, urinary fre- 
quency, mydriasis, drowsiness, 
jaundice, alopecia. Withdrawal 
Symptoms: Abrupt cessation of treatment 
after prolonged administration may 
produce nausea, headache and malaise. 
% These are not indicative of addiction. 





75 mg 





Dosage: Initiate at low levels, 
increase gradually, watching for signs 
of intolerance. As long as 30 days 
may elapse before adequate antide- 
pressant effect develops; sedative effect 
may be noted earlier. 


Initial Adult Dosage: Outpatients —25 mg t.i.d., may be 
increased to 150 mg/day. Add increased drug to after- 
noon and/or bedtime doses. Alternate —50 to: 100 mg 
h.s., gradually increasing b.s. dose up to 150 mg/day. 
Hospitalized Patients — Ulp to 100 mg/day; increase 
gradually to 200 mg if necessary. A few patients may 
require 300 mg/day. 


150 mg 


Adolescent and Elderly Patients: In general, 10 mg t.i.d. with 
20 mg h.s. may be satisfactory for those who do not 
tolerate higher doses. 


Maintenance Dosage: With symptomatic improvement, 
reduce dosage to lowest amount that gives relief, usually 
25 mg bid. toq.i.d., or 10 mgq.i.d. Continue maintenance 
therapy 3 months or longer to avoid relapse. 


Overdosage: Immediately hospitalize patient suspected 
of having taken an overdose. Treatment is symptomatic 
and supportive. IV administration of 1 to 3 mg physostig- 
mine salicylate reported to reverse the symptoms of 
amitriptyline poisoning. See complete product informa- 
tion for manifestations and treatment. 


Supplied: 10-mg, 25-mg, 50-mg, 75-mg, 100-mg and 
150-mg scored tablets — bottles of 100 and 500; 
Tel-E-Dose* packages of 100; Prescription Paks of 60 
(10 mg, 25 mg and 50 mg) or 30 (75 mg, 100 mg and 
150 mg), available singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07 110 





WIG 


-Fast Disintegration: Taken at the first symptom 
of migraine, Wigraine tablets disintegrate 7 to 70 times faster 
than other migraine preparations.* A patented microgranula- 
tion process "bursts" the tablets apart so that digestive juices 
have unhindered access to the active ingredients—providing 
quick-release medication 

e to halt throbbing head pain before it takes hold 

eto ease the nausea and "sickness" of migraine attacks 

eto relieve pain from sustained contraction of head and 

neck muscles 


eto allay the feelings of hopelessness in many migraine 
patients 


e to rebuild the patient's confidence in therapy 





Each Wigraine tablet and rectal suppository contains ergotamine tartrate, 1.0 mg; caffeine, 
100.0 mg; belladonna alkaloids (levorotatory), representing 87.596 hyoscyamine and 12.596 
atropine as sulfates, 0.1 mg and phenacetin, 130.0 mg 


PRECAUTIONS: Dosage of either tablets or suppositories singly or in combination should 
not exceed a total of 12 during any seven-day period. Although rare, ergotamine is capable 
of producing all the symptoms of ergotism CONTRAINDICATIONS: Peripheral vascular or 
coronary disease, angina pectoris, hypertension, renal or hepatic dysfunction, pregnancy, 
septic states, incipient glaucoma. SUPPLIED: Tablets—individually foil-wrapped in boxes of 
20 or 100. Suppositories—individually foil-wrapped in boxes of 12. 


Orga non 


A PART OF “ZO IN 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. O7052 










NE For MIGRAINE 












-< The 
$9 Timefor 
Relief 






An early stage in the migraine episode—constricted cerebral 
arteries impair blood flow and evoke the warning aura. Taken 
now, Wigraine can often abort the attack before the onset of 
painful headache. 






e Timed 





-~e zeine i 


Actual photos show total disintegration of Wigraine tablet in 
digestive juice in only 18 seconds (range 8"-32": average 18").* 
In the same test, other well-known migraine tablets take as long 
as 24 minutes and more. 


*Tested in USP disintegration apparatus. Data on file. Research Department, Organon Inc 
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Testing for organic brain disease—a concise, up-to-the-minute guide 





THE MENTAL STATUS EXAMINATION 


IN NEUROLOGY 


by Richard L. Strub, MD and F. William Black, PhD 


Foreword by Norman Geschwind, MD 


New book / 176 pages / 27 illustrations / $7.95 paper 


Alone among medical texts, this new book deals 
exclusively and comprehensively with the mental 
status examination in neurology. It can help the 
physician determine whether emotional or behav- 
ioral change is the result of a specific organic brain 
disease or psychiatric impairment. It provides a 
basis for measuring cognitive and emotional defi- 
cits as well as residual strengths. In some cases, 
the information gained may relate damage to cer- 
tain regions of the brain. 


Various tests are described in detail — giving sug- 
gested questions along with clinically useful inter- 
pretations of the probable answers. As a further 
practical measure, there are two helpful appendi- 
ces: Standard Psychological Tests and Composite 
Mental Status Examination. Concise yet thorough, 


the book is useful for both the busy practitioner and 
the student. 


Contents 
Levels of consciousness 
Attention 
Behavioral observations 
Language 
Memory 
Constructional ability 
Higher cognitive functions 
Related cortical functions 
Summary of examination 
Further evaluations 
Standard psychological tests 
Composite mental status examination 


F. A. DAVIS COMPANY / PUBLISHERS 


1915 Arch St., Philadelphia, PA 19103 


In Canada: McGraw-Hill Ryerson, Ltd., Scarborough, Ontario M1P2Z5 
——— —————— —— —— —À — — — ORDER DIRECT FROM PUBLISHER ———————— — — — —_____ 


F. A. DAVIS CO., 1915 Arch St., Philadelphia, PA 19103 


Send me the following books for my examination: 
[] STRUB & BLACK:.The Mental Status Examination $7.95 (paper) 
t] ALPERS: 

Essentials of the Neurological Examination .... $7.25 (paper) 
O CLARK: Essentials of Clinical Neuroanatomy .... $6.95 (paper) 
O DUNKERLEY: 

A Basic Atlas of the Human Nervous System .... $6.95 (paper) 


Name 





Address 








City, State, Zip 





Please bill me. Payment is due in 30 days. Invoice will include small 
charge for postage and handling. If book is unsatisfactory, it may be 
returned in good condition within 30 days. ARN1.8 
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Spasticity & 
the kid-next-doors 


tr umpet 





One neurologist states it this way: “our drug choices [in spasticity] are much 
like the choice you would have to make if the kid next door were playing 
trumpet, keeping you awake nights, and you wanted to do something about it. 
You could go to the police who would make the kid stop playing the trumpet 
altogether — that is like using a centrally active skeletal muscle relaxant. 

You could erect a sound barrier so the trumpet couldn't be heard at all — that is 
like blocking at the myoneural junction. Or you can go over one night and 
you can mute his trumpet. If you mute his trumpet, then you can live with it 
and he can play his trumpet. And maybe that's what is happening when we 


use drugs that work on the final expression of this abnormal muscle state: * 


*Spasticity — theories and therapy. 
Presented at a symposium entitled 
Pharmacologic Agents for tbe Treatment of Spasticity, 
April 25, 1976, Toronto, Canada. 


The only direct-acting 
skeletal muscle relaxant 


.JDantrium 


(dantrolene sodium) 


Capsules 
25mg 50mg 75mg 100mg 
Provides a more normal physiologic base 











®Eaton Laboratories Inc. f h bili z 
& Sahil Puerta Rico 0070 or rehabilitation 
a subsidiary of 
Morton-Norwich Products, Inc. See brief summary on following page. 


Address medical inquiries to: 
Eaton Laboratories, Medical Department 
Norwich, New York 13815 
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DANTRIUM (dantrolene sodium) has a potential for 
hepatotoxicity and should not be used in conditions other 
than those recommended. Fatal hepatitis has been 
reported in approximately 0.1 to 0.2% of patients who 
have taken Dantrium for 60 days or longer. Some cases of 
hepatitis were considered to be definitel drug-related, 
whereas others may have been due to other causes. 
Symptomatic hepatitis has been observed in approximately 
0.35 to 0.576 of patients who have taken Dantrium for 
60 days or longer. Liver dysfunction, as evidenced by 
blood chemical abnormalities alone, has been observed 
In approximately 0.7 to 1.0% of all patients exposed to 
Dantrium for varying periods of time. Risk of hepatic 
injury appears to be greater in females, and in patients 
over 35 years of age. No serious hepatic inju | Amis yet 
n reported in patients receiving the drug for less than 

60 days, although liver enzyme elevations have occurred. 

Dantrium should be used only in con Iu nction with 
appropriate monitoring of hepatic function including 
Teen determination of SGOT or SGPT. /F NO 
OBSERVABLE BENEFIT IS DERIVED FROM THE 
ADMINISTRATION OF DANTRIUM AFTER A TOTAL OF 
45 DAYS, THERAPY SHOULD BE DISCONTINUED. 

The lowest possible effective dose for the individual 
patient should be prescribed. 
























Indications: Dantrium is indicated in controlling the manifesta- 
tions of clinical spasticity resulting from serious chronic 
disorders such as spinal cord injury, stroke, cerebral palsy, 
multiple sclerosis. Dantrium is not indicated in the treatment of 
skeletal muscle spasm resulting from rheumatic disorders. A 
decision to continue the administration of Dantrium ona 
long-term basis is justified if introduction of the drug into the 
patient's regimen: 

Produces a significant reduction in painful and/or disabling 
spasticity such as clonus, or permits a significant reduction in 
the intensity and/or degree of nursing care required or rids the 
patient of an annoying manifestation of spasticity considered 
Important by the patient himself. /n view of the potential for liver 
damage in long-term Dantrium use, therapy should be stopped 
if benefits are not evident within 45 days. 

Contraindications: Active nepatic disease, such as acute 
hepatitis and active cirrhosis. Dantrium is also contraind icated - 
where spasticity is utilized to sustain upright posture and 

balance in locomotion or whenever Spasticity is utilized to obtain 
or maintain increased function. 

Warnings: It is important to recognize that liver disorders, fatal 
and nonfatal, may occur with Dantrium therapy. 

. Subclinical or overt hepatitis accompanied by abnormalities 

in liver function tests (SGOT, SGPT) has occurred at varying times 
after initiation of Dantrium deseri Jaundice, with or without 
fever, may occur, with onset usual y between the third and 

twelfth months of therapy. At the start of Dantrium therapy, it is 
desirable to do liver function studies (SGOT, SGPT, alkaline 
phosphatase, total bilirubin) for a baseline or to establish whether 
there is pre-existing liver disease. If baseline liver abnormalities 
exist and are confirmed, there is a clear possibility that the 
potential for Dantrium hepatotoxicity could be en anced, 
although such a possibility has not yet been established. 

Regular liver function studies (e.g. SGOT or SGPT) should be 
performed on patients taking Dantrium. If such studies reveal 
abnormal values, therapy should generally be discontinued. 
Only where benefits of the drug have been of major importance 
to the patient, should reinitiation or continuation of therapy be 
considered. Some patients have revealed a return to normal 
iei hy values in the face of continued therapy while others 

ve not. 

If symptoms compatible with hepatitis, accompanied by 
abnormalities in liver function tests or jaundice appear, 
Dantrium should be discontinued. If caused by Dantrium and 
detected early, the abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was discontinued. 

Dantrium Men: on been reinstituted in a few patients who 
have developed clinical and/or laboratory evidence of 
hepatocellular injury. If such reinstitution of therapy is done, it 
should be attempted only in patients who clearly need Dantrium 
and only after other previous symptoms and laboratory we 
abnormalities have cleared The patient should be hospitalized 
and the drug should be restarted in very small and gradually 
increasing doses. Laboratory monitoring should be trequent and 
the drug should be withdrawn immediately if there is any 
indication of recurrent liver involvement. Some patients have 
reacted with unmistakable signs of liver abnormality upon 
administration of a challenge dose, while others have not. 

Dantrium should be used with particular caution in females 
and in patients over 35 years of age in view of apparent greater 
likelihood of drug-induced, potentially fatal, hepatocellular 
disease in these groups. y 

Long-term safety and efficacy of Dantrium in humans have not 
been established. Chronic studies in rats, dogs and monkeys at 
dosages greater than 30 mg/kg/day showed growth or weight 
depression and signs of hepatopathy and possible occlusion 
nephropathy, all of which were reversible upon cessation of 
treatment. Sprague-Dawley female rats fed dantrolene sodium 
for 18 months at dosage levels of 15, 30 and 60 m /kg/day 
showed an increased incidence of benign and ma ignant 
mammary tumors compared with concurrent controls and, at 
the highest dosage, an increase in the incidence of napatie 
lymphangiomas and hepatic angiosarcomas. These effects were 


sodium) 3 Capsules 25 mg /50 mg/ 75 mg/100 mg 
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not seen in 2-2 year studies in rats of the Fischer 344 strain or 

in 2 year studies in mice of the HaM/ICR strain. Carcinogenicity 
in humans cannot be fully excluded so that this possible risk of 
chronic administration must be weighed against the benefits 

of the cug (i.e., after a brief trial) for the i nd ividual patient. 

Usage in Pregnancy: The safety of Dantrium in women who are 
or who may become pregnant has not been established; hence it 
should be given only when the potential benefits have been 
weighed against possible hazard to mother and child. Dantrium 
should not be used in nursing mothers. 

Usage in Children: The safety of Dantrium in children under the 
age of 5years has not been established. Because of the possibility 
that adverse effects of the drug could become apparent only 
after many years, a benefit-risk consideration of the long-term 
use of Dantrium is particularly important in pediatric patients. 
Drug Interactions: While a definite drug interaction with estrogen 
therapy has not yet been established, caution should be observed 
if the two drugs are to be given concomitantly. Hepatotoxicity 

has occurred more often in women over 35 years of age receiving 
concomitant estrogen therapy. 

Precautions: It should be used with caution in patients with 
impaired pulmonary function, in patients with impaired cardiac 
function due to myocardial disease, and in patients with a history 
of previous liver disease or dysfunction (See Warnings). Also, 
Dantrium may evoke a photosensitivity reaction. Patients should 
be cautioned against driving a motor vehicle or participating in 
hazardous occupations while taking Dantrium. Caution should 
be er core in the concomitant administration of tranquilizing 
agents. 

Adverse Reactions: The most frequently occurring side effects 
of Dantrium have been drowsiness, dizziness, weakness, general 
malaise, fatigue, and diarrhea. Other side effects according to 
system are: Gastrointestinal: Constipation, G.1. bleeding, anorexia, 
swallowing difficulty, gastric irritation, abdominal cramps; 
Hepatobiliary: Hepatitis (See Warnings); Neurologic: Speech 
disturbance, seizure, headache, li htheadedness, visual 
disturbance, diplopia, alteration of taste, insomnia; Cardiovascular: 
Tachycardia, erratic blood pressure, phlebitis; Psychiatric: 
Mental depression, mental confusion, increased nervousness; 
Urogenital: Increased urinary frequency, crystalluria, difficult 
erection, urinary incontinence and/or nocturia, difficult 

urination and/or urinary retention: Integumentary: Abnormal 

hair growth, acne-like rash, pruritus, urticaria, eczematoid 
eruption, sweating; Musculoskeletal: Myalgia, backache; 
Respiratory: Feeling of suffocation; Special Senses: Excessive 
tearing; Other: Chills and fever. 

Drowsiness, dizziness, weakness, general malaise and fatigue 
are generally transient, occurring early in treatment and can 
often be obviated by beginning with a lower dose and increasing 
dosage gradually until an optimal regimen is established. 
Diarrhea may be severe and may necessitate temporary with- 
drawal of Dantrium therapy. If diarrhea recurs upon readministra- 
tion of Dantrium, therapy should probably be withdrawn 

ermanently. 

sage: The complete prescribing information on dosage and 
administration should be consulted before initiating therapy. It 
is important that the dosage be titrated and individualized for 
maximum effect. The lowest dose compatible with optimal 
response is recommended. 

In view of the potential for liver damage in long-term Dantrium 
use, therapy should be stopped if benefits are not evident 
within 45 days. 

Adults: Begin therapy with 25 mg once daily; increase to 25 mg 
two, three or four times daily and then by increments of 25 mg up 
to as high as 100 mg two, three, or four times daily if necessary. 
An occasional patient will require up to 200 mg four times daily. 

Each dosage level should be maintained for four to seven days 
to determine the patient's response. The dose should not be 
increased beyond, and may even have to be reduced to, the 
amount at which the patient received maximal benefit without 
adverse effects. 
Children: A similar approach should be utilized, "pau. with 1.0 
mg/kg of body weight once daily; this is increased to 1. OE kg 
two, three, or four times daily and then by increments of 0.5 mg/kg 
up to as high as 3.0 mg/kg two, three, or four times daily if 
necessary. Doses higher than 100 mg four times daily Should not 
be used in children. 


Overdosage: General supportive measures should be employed 


along with immediate gastric lavage. For further information 
see package insert. 
How Supplied: Dantrium is available in: li 25 me opaque orange 
and light brown capsules (coded “Eaton 030" in black), supplied 
in bottles of 100, 500 and unit dose 100's; lil 50 mg opaque 
orange and dark brown capsules (coded "Eaton 031" in white), 
supplied in bottles of 100; lii 75 mg opaque orange capsules 
(coded "Eaton 032" in black), supplied in bottles of 100; 
li 100 mg opaque orange and light brown capsules (coded 
"Eaton 033” in white), supplied in bottles of 100 and unit 
dose 100's. 

For round-the-clock medical consultation on any Eaton 
product, phone Norwich, New York 607-335-2565. 


® Eaton Laboratories Inc. 

Manati, Puerto Rico 00701 
a subsidiary of 
Morton-Norwich Products, Inc. 


Address medical inquiries to: 
Eaton Laboratories, Medical Department 
Norwich, New York 13815 





















ASSISTANT PROFESSOR OF NEUROLOGY 
Position Available July 1978 


The Department of Neurology, Yale Univer- 
sity School of Medicine has a full-time 
academic position available, as Assistant 
Professor, for Neurologist-Clinical Neurophy- 
siologist, with special experience in electro- 
myography and electrodiagnosis. Background 
in experimental neurophysiology and research 
productivity required. Appointment divided 
between Yale-New Haven Medical Center and 
VA Hospital, West Haven. Qualified women 
and minority group persons encouraged to 
apply. 


Curriculum vitae and letters of recommendation 
should be sent, before 28 February 1978, to Dr. 
Gilbert H. Glaser, Professor and Chairman, Depart- 
ment of Neurology, Yale University School of Medi- 
cine, 333 Cedar Street, New Haven, Connecticut 
06510. 


Yale University is an Equal Opportunity, (M/F), Affir- 
mative Action Employer. 





Now available! 


y The latest 

information on 

self-assessment 
programs. 


The new edition of the 
AMA’s DIRECTORY OF 
SELF-ASSESSMENT 
PROGRAMS FOR PHY- 
SICIANS is now availa- 
ble. It lists programs 
sponsored by all major 
specialty societies, on 
21 topics. 
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Each program is listed 
by topic and sponsor | 
and includes sites and ss! : 
times of tests, content, format, time required, 
method of scoring, aids to learning, fees and 
whom to write. 
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To order your copy ($1 ea.) of the Directory, 
write: Order Dept. OP-414, American Medi- 
cal Association, 535 N. Dearborn St., Chicago, 
Ill. 60610. 
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by Franklin S. Alcorn, M.D. 
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They're all in 
American Medical 
News! 


New health care legislation. New federal regulations. 
New state laws. New delivery systems. Every day there’s 
a lot happening in the world of medicine that could af- 
fect the way you practice medicine now and in the 
future. 

What’s the best way you have to keep yourself up to 
date on the latest developments? American Medical 
News! No other publication can match it in providing 


you with timely, comprehensive coverage of the news in 
medicine. Here’s why: 


WASHINGTON’S WEEK 
Written by a veteran Washington reporter, this week- 
ly column gives you insight into what’s happened and 


what’s likely to happen in Congress and the federal 
regulatory agencies. 


MEDICINE’S WEEK 

Who and what made the news on the national and in- 
ternational medical scene? You'll find all the 
highlights neatly capsuled in this weekly section. 


EDITORIALS 


Here's where organized medicine speaks out, ex- 
pressing its views on the issues of concern to the 
profession, on the practice of medicine, and on the 
health care of the American people. 


MY OPINION ARTICLES 

In this weekly department,medical leaders and other 
health care experts share with you their own frank 
and independent views on topical subjects. 


FEATURE ARTICLES 


Each week, you'll find articles featuring in-depth 
reporting on subjects of vital interest to you, such as 
health care legislation before Congress, federal 
medical and drug regulations, and court actions. 
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LETTER PAGE 


Here's where you and your colleagues can step up 
and express your likes and dislikes on what's hap- 
pening in medicine. 





Give American Medical News just 30 minutes a week; 
it will give you all the news you need to know about 
what's happening in the practice of medicine. 


t substant re (D, uced 
| — + students who à Kennedy which would have red 
erican citizens 


eeping 
he schools are k will agree 







AMA candidate As ‘fitness boom’ sweeps American Medical 
Jere Annis, MD, will be a U.S., MDs reveal their 


L y nder conflict- 
i D of Amer- have been u b- - AMA n methods. 
D T UP. “ornate bc Ide | darda ie HA ae | | n à 
LI m 

ans who have s have prepared à ecting to the agar ymin as studying pres —page 3 
hree major ane the constitutionality e from parents of d bea seeking, 
1wwsuit contesti hich they claim wou medicine abroad who 

b i ools 
the provisrupt their admissions and admission to U.S. sch en e ; 
everely 

edures 
ee Dy f challeng 
Blood bank leader aces P GEN uii uk | "UNES 


Society's | 










00% 
resents some 2, which 
rofit blood banks filed by Califor charges the bi 
An unprecedented long-time of- id some 5,000 ndividuals Affairs. The suit € 

i, a and so! 


. * 
bank o [3 
f the 
rough we © er on 
r more than 25 h profiteering t 
Bernice Hemph ican Assn of Blood Active in the AABB for “mother of wn P acean fee leadership 
Amer he rept he 
ficial of ps made by a small eri years and often called th Mrs, Hemp- nolo want to change i nk its phi- 
- . D 
Banks, b cians and blood par nien bloodbanking, ; , B because we 
of Chi oe king new leadership hill has serv of the currently losophies are bloodbanking a 5 
Va nee face” in the organization hed- and chief deed clearinghouse” er initiation of a ae? ais James Bow- e. O 
"a t is sched- r to the ' 
In a floor nomination ky uring the ante has been à koy mAs program in dwector the U. of Chicago 
„iad to be made Nov. 7 u and elec- Moo waticies that suppc t Blog? Aiea Man, bent 


—ant nl 


to unseat 








| Imbalance 


a central problem 
in the management of Parkinson’s disease 





Posed by professional models. 


by helping to correct 
dopamine/acetylcholine imbalance 


4 may help bring the world of the 
parkinsonian patient back into balance 





HAR th | i x efte: ood E | 
See last page of advertisement for brief summary of prescribing information. 





a combination of 
carbidopa and levodopa - 





Sinemet 


can mean a world of difference 
for some parkinsonian patients... 


Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson's disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson's 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-engle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 





and that difference 
often depends on proper dosage 






Start with SINEMET-25/250 $80 mg godos eens 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
‘by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 
SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa-the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 
SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 
Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 
NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson's disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. ^ time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of involuntary movements may require dosage 

¥reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


*anhydrous equivalent 
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Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should not be 
iven Concomitantly. MAO inhibitors must be discontinued at 
oe 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in nacrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed caretully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe Cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 

Exercise Care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 


function should be monitored with particular care during period 
of initial dosage adjustment, in a facility with provisions for 
Intensive cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although eftects ol 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa haue 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic poea Yypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten - 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyline, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic etfects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson's disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
Observed for loss of antiparkinsonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less trequent adverse reactions are cardiac irregularities and/or ( 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
iocis (the “on-off” phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sweating, 
bizarre breathing patterns, urinary retention, urinary inconti- 
nence, diplopia, aye vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense ò 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and 
activation of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. J6s102 R1 (DC 6834803) 





For more detailed information, consult your MSD repre- MERCK 
sentative or see full prescribing information. Merck Sharp S 
& Dohme, Division of Merck & Co., INC., West Point, Pa. 19486. DOHME 


Original Contributions 


The Effect of Size, Histologic Elements, 
and Water Content 
on the Visualization of Cerebral Infarcts 


A Computerized Cranial Tomographic Study 


Hilda Alcalá, MD; Mokhtar Gado, MD; Richard M. Torack, MD 


e We correlated the radiologic and 
pathologic examination of 13 human 
brains, analyzing the size, different histo- 
logic elements, and water content in 40 
ischemic and hemorrhagic infarcts. Acute 
infarcts appear in the computerized crani- 
al tomographic (CT) image as low density 
areas due to high content of fluid, 
however, a histological-chemical correla- 
tion is not concomitant. The addition of 
blood in hemorrhagic infarcts may result 
in a normal CT image. Subacute infarcts 
appear as low density areas, with lower 
attenuation values due to the presence of 
large amounts of lipids. Subacute lesions 
with prominent mineral deposits may be 
negative on CT scan. Chronic infarcts 
also appear as low density areas due to 
cavitation and residual fats. Attenuation 
values are slightly higher than those of 
subacute infarcts, possibly due to gliosis. 
Infarcts smaller than 2 cm in diameter are 
usually not visualized. 

(Arch Neurol 35:1-7, 1978) 


Accepted for publication March 21, 1977. 

From the Departments of Pathology (Neuropa- 
thology) (Drs Alcalá and Torack), and the 
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he diagnosis of cerebral infarcts 

by computerized cranial tomog- 
raphy (CT) still is not successful in 
about 30% to 50% of all cases that have 
been reported in clinical series." By 
eontrast, the diagnostic accuracy of 
the CT in conditions such as subdural 
and parenchymal hemorrhage, cere- 
bral atrophy, and  hydrocephalus 
varies from 90% to 100%.'* Hemor- 
rhage is visualized easily because of 
its high attenuation value, whereas 
atrophy and hydrocephalus are recog- 
nized by the low density of CSF.'* 
There is a general agreement that 
infarction reduces attenuation of the 
CT scan, but such a CT change occurs 
in little more than half of the cases. In 
the acute stage, this reduction is 
believed to be the consequence of 
edema, whereas in chronic infarction, 
cavitation is considered to be the most 
important factor.'? 

The functional principle of the CT 
scan rests on the reconstruction of the 
x-ray beam absorption values of each 
element within the cranial cavity. The 
image so obtained is thus an analogue 
representation of these absorption 
values. Each element of the matrix 
corresponds to a volume of tissue 
measuring 1.5 mm x 1.55 mm x 13 
mm, and all histologic structures 
within this volume are responsible for 
the absorption values of the x-ray 
beam.*? 


Elements with high absorption 
coefficients, such as hemoglobin, iron 
and calcium, will appear on the image 
as light areas, ie, high density areas, 
and will have high values on the 
numerical printouts.** Components 
with low absorption coefficients, in- 
cluding cavitation, edema, or choleste- 
rol, will appear as dark zones, ie, low 
density areas, and will have low 
absorption values.** In small-sized 
lesions, density differences from the 
surrounding tissue also become impor- 
tant, since a matrix cell of 80 x 80 is 
used, each cell measuring 3 mm x 3 
mm. Also, a small low-density lesion 
can be missed easily due to the partial 
volume principle.' 

The relative importance of low and 
high density components in infarcts 
has not been reported previously. An 
appreciation of these tissue changes 
appears necessary for an explanation 
of nonvisualization of 30% to 50% of 
infarcts. The present report is a post- 
mortem correlative study which will 
be an attempt to clarify the role of 
size, water content, and histologic 
elements in recognition of infarcts. 


MATERIALS AND METHODS 
Computerized Cranial 
Tomographic Scans 


Thirteen brains from patients with 
neurologic history of stroke were removed 
in the usual manner. They were perfused 
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and fixed in 7.4% formaldehyde solution 
for ten days. After fixation, a CT scan was 
performed using the EMI scanner. The 
brain was inserted into a plastic phantom 
having the size and shape of an average 
human cranium. The phantom was filled 
with water and the “vault” introduced into 
the head portion of the gantry. Four scans 
were obtained using a slice thickness of 13 
mm. The plane of the slices was chosen to 
correspond to the plane of 20° above the 
orbitomeatal line utilized in the scans of 
living subjects. The x-ray tube was 
operated in 120 kV and 33 mamp; the time 
of each scan was five minutes. Compara- 
tive studies were done between attenua- 
tion values of fixed and unfixed brains and 
were found to be very similar. In cases 
when patients had a CT scan done 24 to 36 
hours before death, comparison was also 
made of pre- and postmortem attenuation 
values and these were found to show insig- 
nificant differences. 


Brain Cutting 


Each brain was cut in planes, corre- 
sponding to those of the CT scan, using a 
commercial meat slicer to facilitate uni- 
form sectioning. Each slice was then 
compared with a polaroid pieture obtained 
by CT scan. Measurements of each infarct 
were taken in two planes and recorded in 
centimeters. Infarcts were considered 
“small” when the largest diameter mea- 
sured up to 2.0 em, “medium” when it 
measured from 2.1 to 5.0 em, and "large" 
when it exceeded 5.1 cm. 


Histology 


All infarcts were sampled for histologic 
study using frozen sections and paraffin- 
embedded 6-u sections. In each case, 
normal tissue was also obtained whenever 
possible from the opposite hemisphere in a 
location comparable to the lesion. Stains 
used were: hematoxylin and eosin (H & E), 
Luxol fast blue (LFB) for myelin, Prussian 
blue and von Kossa for iron and calcium 
deposits, respectively, Holzer for glial 
fibrils, Gram for bacteria, and oil-red-O 
(ORO) done in frozen sections for neutral 
fats. Using these microscopical prepara- 
tions, hemorrhage, edema, polymorphonu- 
clear (PMN) cells, neutral fats (NF), phago- 
cytosis, gliosis, cavitation, calcium, and 


iron were graded in each infarct. An esti- 
mation of intensity from 0 to 2+ was 
completed by two of us (H.A. and R.M.T.) 
in at least two representative sections of 
each infarct. Acute infarcts were consid- 
ered to be one of five days in age; subacute 
infarcts six days to approximately three 
weeks, and chronic infarcts three weeks or 
older. A correlation with the clinical onset 
of symptoms was possible in all cases of 
acute infarcts, in most cases of subacute 
lesions, and in some cases of chronic 
infarcts. Grading of histologic elements 
was done for acute, subacute, and chronic 
infarcts only in the medium and large size 
categories. The histologic criteria of acute 
infarcts included: extravasated RBCs (in 
hemorrhagic infarcts), the presence of 
neurons with eosinophilic cytoplasm and 
pyknotic or absent nuclei, polymorphonu- 
clear cells, and edema. Fluid content was 
appreciated as increased pericellular and 
perivascular spaces, vacuolization of my- 
elin, pallor, and loosening and microcavita- 
tion of the tissue. In septic infarcts, bacte- 
rial overgrowth was demonstrated with 
Gram stains. 

Infarcts were considered as subacute by 
the presence of extensive necrosis, numer- 
ous phagocytes with abundant neutral fats, 
focal loss of tissue without conspicuous 
cavities, discrete to moderate astrogliosis, 
and secondary demyelination. Phagocy- 
tosis and neutral fats were found to have 
equal grading and for this reason, they are 
referred to simply as lipid content. 

A chronic infarct was diagnosed when 
obvious cavitation with loss of tissue was 
accompanied by prominent fibrillary or 
gemistocytic gliosis, fat-laden mac- 
rophages, and pallor of surrounding my- 
elin. Calcium and iron deposits were 
observed in both subacute and chronic 
lesions. 

Neutral fats were graded 1+ when small 
droplets of ORO positive material, 3 to 5 y, 
were seen within phagocytic cells or in the 
neuropile, and 2+ when larger, confluent 
droplets, 15 to 30 u, were present, usually 
within macrophages. 

Calcium and iron were seen in subacute 
and chronic lesions as small interstitial 
granules, 1 to 3 p, as confluent deposits, 8 to 
10 u, around blood vessels or within 
macrophages, or as “mummified” neurons. 


Table 1.—Effect of Size on Computerized Cranial Tomographic Visualization 
of Cerebral Infarcts 


Computerized 
Cranial 
Tomography 
Positive 
Negative 


Small 
(0.1-2.0 cm) 


1 (7.7) 
12 (92.3) 


2 Arch Neurol—Vol 35, Jan 1978 





No. (96) in Infarct Groups 
— —— ——————aiJth— 


Medium 
(2.1-5.0 cm) 


9 (56.3) 
7 (43.7) 


9 (81.9) 
2 (18.1) 


Calcification or ferrugination of the lenti- 
culostriate vessels was considered a degen- 
erative change not related to infarction. 


Water Determination 


The water content was determined from 
samples weighing 200 to 500 mg and not 
exceeding 3 mm in thickness. After 
removal from the brain, the tissue was 
assayed for water content by determining 
the dry weight according to a procedure 
described earlier. Gray and white matter 
content determinations were done sepa- 
rately, except in infarcts of the cerebellar 
cortex and corpus striatum, where gray 
and white matter could not be separated 
easily. Normal internal control values were 
obtained from the opposite side and from 
similar anatomic sites in normal 37% 
formaldehyde-fixed and unfixed brains. 


RESULTS 


A total of 43 infarcts of ischemic 
and hemorrhagic types were found in 
the cerebral hemispheres involving 
cortex, white matter, basal ganglia, 
cerebellum, and brain stem. Of these, 
three infarcts were discarded due to 
the presence of technical artifacts 
that made a good radiologic-patho- 
logic correlation impossible. Of the 
remaining 40 infarcts, 19 were posi- 
tive and 21 were negative, repre- 
senting 47.5% positivity. 

The number of infarcts found in the 
three size categories in shown in Table 
1. Twelve of the 13 infarcts (92.8%) in 
the "small" group (0.1 to 2.0 em) were 
negative on CT scan. Among the 16 
"medium" infarcts (2.1 to 5.0 em), 
seven were negative on CT scan 
(43.7%). Eleven infarcts were found in 
the "large" category (> 5.1 cm) of 
which two were negative on CT scan 
(18.1%). Size was considered to be the 
chief factor for the high percentage of 
negative visualization in the “small” 
size category; for this reason, histo- 
logic grading and water content 
determinations were done only for the 
remaining two groups. 

Histologic grading, water content, 
and CT attenuation values are pre- 
sented in Table 2 for the 14 acute 
infarcts, seven of which were negative 
on CT scan. There were two cases of 
“very acute” lesions (622B and 626C) 
having a history of clinical symptoms 
of 24 to 36 hours duration. There was 
no histologic evidence of edema in 
case 622B (water content was 70.1%) 
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and only slight edema in case 626C 
(water content was 78.9%). Histologi- 
cally, these infarcts showed diffuse 
acute anoxic changes, with eosino- 
philic necrosis of neurons without 
evidence of tissue disruption or 
marked edema. The third negative 
infarct (case 663B) had a 2+ histologic 
grading for edema; water content 
determinations were not done due to 
lack of control tissue, but this infarct 


occurred in the brain stem, where 
visualization has been thought to be 
complicated by the midline, deep- 
seated locations of these lesions. 

The remaining four negative in- 
farcts (eases 589A, 589B, 597C, and 
657) were characterized by an admix- 
ture of blood and edema that was 
typical of hemorrhagic infarcts. Ap- 
parently this combination of low and 
high density components was respon- 


sible for the normal attenuation val- 
ues for both gray and white matter. In 
case 589A, the patient had a hemor- 
rhagic infarct located in the left occip- 
ital lobe (Fig 1, left). The CT image 
(Fig 1, center) was normal, with atten- 
uation values of 17.9 and 18.3 for gray 
and white matter, respectively. Histo- 
logically, the infarct showed a charac- 
teristic pattern of alternating foci of 
ischemic and hemorrhagic necrosis 


Table 2.—Histologic Features: Water Content and Computerized Cranial 
Tomographic Visualization in 14 Acute Infarcts Larger Than 2 cm in Diameter 


MOlF+ ||MO PMP MMO] + | MLM] DY 
+| |||] [|| 


Polymorphonuclear Lipid 


Cells Content 


o|o|-|-|-|- 
£[w[olol«|«[ol|o 
+ 


*Letters indicate different infarcts in same patient (eg, 622A, -B). 


Normal values for white matter, 66.5%-74.5%. 


tNormal attenuation values for white matter, 12.0-18.0. 


§Very acute; 24 hours of age. 


IILMCA indicates left middle cerebral artery territory. 
« RMCA indicates right middle cerebral artery territory. 


Water 
Content, 961 


Computerized 
Cranial 


Tomographyi Location 


Negative Parietal 
Negative Corpus striatum 
Negative Parietal 

24.2 Frontal 

16.8 Occipital 

6.5 LMCA 

14.0 LMCA 

14.1 RMCA4 

11.3 Occipital 

14.8 Brain stem 





Fig 1.—Case 589A. Left, Acute hemorrhagic infarct; left occipital lobe with petechial hemorrhages and edema. Center, Normal 
computerized tomographic image. Right, Histologic pattern of small alternating areas of ischemic and hemorrhagic necrosis 


(hematoxylin-eosin, x 100). 
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(Fig 1, right). 

Seven acute infarcts were positive 
on CT scan; of these, only one was a 
hemorrhagic infarct and was visual- 
ized as a zone of increased attenua- 
tion. It was case 597, a large 8.0 x 3.0- 
em lesion in the right hemisphere (Fig 
2, left), with marked hemorrhagic 


necrosis, that grossly and microscop- 
ically simulated a hematoma. The CT 
image showed an area of increased 
density, with high attenuation values 
of 24.2 (Fig 2, center). The microscopic 
picture of this infarct confirmed the 
prominent hemorrhagic component 
(Fig 2, right). White matter water 


content was normal in this lesion. 
Six acute ischemic infarcts were 
positive on CT scan; cases 596A, 597A, 
622A, 663A, 626A, and 596E all visual- 
ized as low density areas. The histo- 
logic grading for edema ranged from 
1+ to 2+ in these lesions, and water 
content was increased in all five cases 





Fig 3.—Case 663. Left, Acute ischemic infarct in distribution of right middle cerebral artery with marked edema. Center, computerized 
tomographic image with corresponding area of low density. Right, Histologic pattern, with marked edema and formation of microcavities 


(hematoxylin-eosin, x 100). 
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in which these determinations were 
done. There was an inconsistent corre- 
lation between histologic edema and 
water content. Case 596A had 2+ 
grading for histologic edema, but 
water content was only mildly ele- 
vated (77.7%). Case 663A was a more 
typical example of acute ischemic 
infarction. This 12.0 x 7.5-em lesion 
was in the distribution of the right 
middle cerebral artery (Fig 3, left); in 
the CT picture, it appeared as an area 


"me a 


ae ede NT et M ES on 
BUE NT 

>» T" a aa ut Age m 
Fig 4.—Case 626A. Acute septic infarct 
showing numerous polymorphonuclear 


cells within and around blood vessels 
(hematoxylin-eosin, x 100). 








Fig 7.—Case 570. Subacute infarct with 
numerous macrophages with clear fat 
vacuoles in their cytoplasm (hematoxylin- 
eosin, x 496). 


TS Re EN VAI UEVUUCT, See WE Yawowre * - 
NC N Du ivt Tat » da ek iat Nanc 
» f e } i e ar d a dix «v 


of decreased density (Fig 3, center), 
with corresponding low readings of 
11.3 and 14.1 for white and gray 
matter, respectively. Microscopically, 
it contained areas of pallor and 
loosening of the tissue, with forma- 
tion of microcavities in the white 
matter (Fig 3, right). The water 
content of this tissue was markedly 
increased (84.5%). The only significant 
occurrence of neutral fats was found 
in a septic infarct (case 626A), which 





Fig 5.—Case 626A. Abundant neutral fat 
deposits in similar distribution to inflam- 
matory infiltrate (oil-red-O, x 100). 





Fig 8.—Case 570. Abundant neutral fats 
are confirmed to be within phagocytes 
(oil-red-O, x 496). 


had abundant polymorphonuclear cells 
and lipid around necrotic blood vessels 
(Fig 4 and 5, respectively.) 

The histologic grading, water con- 
tent, and CT attenuation values for 
seven subacute infarcts in the middle 
and large size categories are shown in 
Table 3. Phagocytosis and neutral fats 
were found to have a concomitant 
increase and almost identical grading. 
Two subacute lesions were negative 
(cases 626D and 655B); these two cases 





Fig 6.—Case 655B. Subacute infarct with 
iron deposits in the neuropile anc within 
macrophages (Prussian-blue, x 100). 





Fig 9.—Case 576A. Chronic infarct with 
prominent astrogliosis (Holzer, x 496). 


Table 3.—Histologic Features: Water Content and Computerized Cranial 
Tomography Attenuation Values in Seven Subacute Infarcts Larger Than 2 cm in Diameter 


Calcium and 


Case* nemomage iron Content 


oes 


Lipid 


coment caet Edema 


Water 
Content, %7 


Computerized 
Cranial 


Tomography Localization 


626D 2+ 83.9 Negative Corpus striatum 


— + - * 89.9 Negative Thalamus 
0 2 * 79.1 7.2 LMCA$ 
un 2+ + 80.1 5.4 Occipital 


E 
E 


86.4 7.3 Cerebellum 


d * 90.6 7.8 Cerebellum 


596G 


*Letters indicate different infarcts in same patient (eg, 596F, -G). 
Normal values for white matter, 66.596-74.596; cerebellar cortex, 80.396. 
tNormal attenuation values for white matter, 12.0-18.0. 

§LMCA indicates left middle cerebral artery territory. 
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Jiu * 


Table 4.—Histologic Features: Water Content and Computerized Cranial 


Tomographic Attenuation Values of Six Chronic Infarcts Larger Than 2 cm Diameter 





Computerized 
Calcium and Lipid Water Cranial 
Case* Hemorrhage iron Content Gliosis Content Cavitation Edema Content, 967 Tomographyi Localization 
626D 0 0 + 85.4 14.3 Occipital 


2+ 2+ - 
2+ 2+ 2+ 


*Letters indicate different infarcts in same patient (eg, 576A, -B). 


+/+]4+]+ 


TNormal values for white matter, 66.5%-74.5%. 


2+ 2+ 2+ 
c 


+/+]4+]+ 


-= 


Normal attenuation values for white matter, 12.0-18.0. 


were distinctive because of their iron 
and calcium content, elements that 
have been recognized to increase at- 
tenuation of the CT scan. Calcium was 
seen in small 2- to 5-u deposits in the 
neuropile and as calcified neurons, 
while iron was predominantly seen 
around blood vessels or within mac- 
rophages in 10- to 20-u deposits 
(Fig 6). 

The group of five infarcts tkat were 
positive on CT scan were recognized 
as zones of well-defined low density. 
Histologic grading for edema was 
lower than for the acute group; it was 
prominent in cases 596F and 596G and 
moderate in three others (cases 570, 
655A, and 572). Water content deter- 
minations were increased in all five of 
them. A mild histologic edema in 
white matter in case 570 correlated 
with a mild increase in water content 
of 79.1%. A good correlation was also 
found in case 596F, which had the 
highest water content (90.6%) and a 
2+ histologic grading for edema. 

The most prominent finding in this 
group was the presence of abundant 
phagocytes, with a concomitant in- 
crease of neutral fats, most of which 
were found within their cytoplasm. 
This was especially true for cases 570 
and 655A. In these two infarcts, large 
areas of parenchyma were replaced by 
multiple macrophages with large clear 
vacuoles in their cytoplasm (Fig 7) 
that proved to be neutral fat by ORO 
stain (Fig 8). White matter attenua- 
. tion values obtained for the subacute 
group were considerably lower than 
for the acute group. Histologic and 
quantitative assays for water content 
were generally lower than in the acute 


group. 
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All six chronic infarcts were posi- 
tive on CT scan (Table 4). They 
showed a mixture of histologic ele- 
ments obviously related to their age. 
Residual edema was, seen as pallor of 
myelin sheaths in the LFB stain 
around areas of necrosis. Prominent 
lipid content, gliosis, and cavitation 
were seen in all six cases as expected 
in chronic infarcts. Calcium and iron 
deposits were present in moderate 
amounts in cases 576A, 576B, 576C, 
and 576D, either in small free gran- 
ules in the neuropile, measuring 1 to 3 
m, or within macrophages or around 
blood vessels in larger 5-to 10-u aggre- 
gates. Gliosis was quite prominent in 
all chronic lesions, either in fibrillary 
or gemistocytic forms (Fig 9). Inter- 
estingly, water content in white mat- 
ter was increased in all five patients 
in which determinations were done. It 
ranged from 85.4% to 86.8%; this 
increase was, in general, higher than 
that found in the acute group. 

Mean attenuation values for white 
matter are shown in Table 5 for the 
acute, subacute, and chronic infarcts 
that were positive on CT scan. (Case 
597B, which appeared as a hemor- 
rhage with high attenuation values of 
24.2, has not been considered.) The 
lowest absorption values were ob- 
tained for the subacute group (5.4 to 
14.8), with a mean of 8.5. The mean 
average values for acute and chronic 
infarcts were not statistically differ- 
ent (12.9 and 12.3, respectively). 


COMMENT 
The histological evaluation of cere- 


bral infarcts shows that they are 
composed of a variety of tissue 





86.8 


Table 5.—Range and Mean 
Average Values for Acute, 
Subacute, and Chronic Infarcts 
That Were Positive on 
Computerized Cranial 


Tomographic Scan 


12.0-18.0 .. 
6.5-16.8 12.9 
5.4-14.8 8.5 

10.7-14.3 12.3 


Normal white matter 
Acute infarct* 
Subacute infarct 
Chronic infarct 


*Case 597B appearing as a hemorrhage, with 
24.2 of attenuation value not considered. 


elements, both diminishing and in- 
creasing CT attenuation values and 
occurring in characteristic combina- 
tion at different infarct age. In this 
context, infarcts usually are visible 
because they contain chiefly elements 
that reduce attenuation, but in each 
stage, an infarct may contain compo- 
nents that increase attenuation so 
that it will not be visible (normal 
attenuation) or, more uncommonly, it 
can be recognized because of higher 
attenuation than that of normal 
tissue. A comparison of these ele- 
ments in each type of infarct and their 
effect on the CT scan enables greater 
insight into the relative importance of 
each component. 

Acute, ischemic, positive infarcts 
appear in the CT image as low density 
areas due to fluid content and occa- 
sionally due to lipid content in septic 
infarcts. The disparity between histo- 
logical and chemical assay of water is 
not surprising since this has been 
noted previously*' Increased water 
content in acute cerebral infarcts has 
been observed repeatedly in experi- 
mental models,** and it is considered 
to be a result of altered vascular 
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permeability occurring during the 
first 24 hours after vascular occlusion. 
An acute infarct has been visualized 
by CT scan as early as eight hours 
after clinical onset of stroke.’ 

The most common cause of nonvi- 
sualization of acute infarcts is the 
addition of a high-density component, 
represented by hemorrhage, ie, hem- 
orrhagic infarction. In these cases, the 
admixture of ischemic and hemor- 
rhagic necrosis in small alternating 
areas of high and low density results 
in average normal attenuation values 
and a normal CT image. It is also 
possible that the hemorrhagic compo- 
nent will dominate, as in case 597B, 
and thus will appear as an abnormal 
scan with high attenuation values. 
This fact may explain a previous 
report of a hemorrhagic infarct 
appearing as an area of increased 
density within an area of decreased 
density*; that case, however, did not 
have anatomic confirmation. Other 
causes of nonvisualization include a 
lack of significant fluid increase in 
some early lesions and the midline, 
deep-seated location of the brain stem 
infarct. 

Most of our subacute infarcts 
appear as low-density, well-defined 
areas, with a prominent component of 
fatty acids. In addition, residual 
edema is still present and active 
phagocytosis, as the result of necrosis, 
is taking place. Our histologic studies 
have not shown significant cavitation 
in this stage, and we believe the major 
factor in decreasing attenuation val- 
ues is afforded by the lipid content, 
most of which is found within 
macrophages. 

The previous idea that after a 
period of seven to ten days, infarcts 
become better defined on the CT 
image, with lower attenuation values 
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than at the acute stage'?^* is consis- 
tent with our findings. This fact has 
been interpreted by others as due to 
partial clearance of edema and incip- 
ient formation of microcavities.' ^? 
We do not find prominent cavitation, 
but rather, there is marked phagocy- 
tosis, with a concomitant increase in 
neutral fats. This cellular reaction is 
especially important in white matter, 
where active myelin breakdown is 
taking place. This fact has been 
confirmed previously by chemical 
analysis of human infarcts at differ- 
ent stages." This profound effect of 
lipid on attenuation of CT scan has 
been noted by Hounsfield,* who has 
found an absorption coefficient 10% 
less than that of water corresponding 
to a value of —50 in the CT printout.’ 
This effect of lipid on CT image has 
been demonstrated by low attenua- 
tion values of lipomas and other lipid- 
containing tumors.'? Our studies also 
indicate that the addition of high 
density elements, ie, calcium and iron, 
can increase attenuation values suffi- 
ciently to produce a normal CT image. 
The presence of mineral deposits, 
especially iron, in these lesions prob- 
ably indicates that they are resolving 
hemorrhagic infarcts. The effect of 
small mineral deposits on CT scans 
also has been demonstrated by the 
increased attenuation values observed 
in the basal ganglia of older normal 
individuals due to calcification and 
ferrugination of the lenticulostriate 
vessels.? 

In chronic infarcts, the most signif- 
icant histologic change is the addition 
of cavitation and gliosis. There is still 
a significant amount of neutral fats 
around these cavities, and surpris- 
ingly, a considerable amount of water. 
Histologically, the fluid is only seen as 
pallor of white matter. The increase in 
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comparable effects on the CT scan’; 
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The Effect of Pharmacologic Acetylcholine 


Receptor on Fibrillation and Myotonia 
in Rat Skeletal Muscle 


Roger A. Brumback, MD; Tulio E. Bertorini, MD; W. King Engel, MD; 
John L. Trotter, MD; Katherine L. Oliver; Gregory C. Zirzow 


* Myotonic discharges in rats given 20, 
25-diazacholesterol hydrochloride and fi- 
brillation discharges in denervated rat 
muscle both were silenced by procaine 
hydrochloride, tetrodotoxin or ischemia, 
or potassium chloride (after initial activa- 
tion). They both were activated by succi- 
nylcholine, but only the fibrillations were 
silenced by a-bungarotoxin or atropine 
sulfate. It is hypothesized that fibrillations 
and diazacholesterol-induced myotonia 
are mediated through mechanisms involv- 
ing ionic channels, that both can be 
produced by activation of the junctional/ 
nonjunctional acetylcholine receptors (or 
some mechanism coupled to the recep- 
tors), but that an unfettered a-bungaro- 
toxin-binding portion of the acetylcholine- 
receptor molecule and an unblocked atro- 
pine-binding site are obligatory only for 
production of fibrillations. 

(Arch Neurol 35:8-10, 1978) 
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(peii and myotonia are 
aberrant electrical activities of 
skeletal muscle fibers, present clini- 
cally and experimentally. Their origin 
is controversial.' Fibrillations are the 
incoordinated rhythmic twitchings of 
single muscle fibers, occurring prior to 
their receiving of, or after their 
deprivation of,’ normal innervation. 
Recorded extracellularly, fibrillations 
are 10 to 100 uV potentials of less than 
3 msec duration and 2- to 3-Hz 
frequency.' Myotonia is characterized 
by delayed relaxation of muscle fibers 
after contraction.‘ While the initial 
muscle fiber potentials in myotonia 
are often normal, they are followed by 
a distinctive after-discharge of repeti- 
tive potentials of increasing and then 
decreasing frequency, recorded extra- 
cellularly as a characteristie waxing- 
and-waning "dive-bomber" discharge 
composed of potentials, some of which 
individually are  indistinguishable 
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from fibrillation potentials. Uninner- 
vated muscle fibers show acetylcho- 
line (ACh) sensitivity over the entire 
plasmalemma*" associated with phar- 
macologieally* and  histologically*- 
demonstrable diffuse nonjunctional 
ACh receptors. In contrast, myotonic 
muscle fibers show no such diffuse 
ACh sensitivity" and by light mi- 
croscopy, no extrajunctional acetyl- 
choline receptors are demonstrable." 
Our study evaluated the pharmaco- 
logic similarities and differences be- 
tween fibrillations and myotonia as 
induced in rat skeletal muscle. 


MATERIALS AND METHODS 


Denervated muscle fibers were produced 
by removing l-cm sections of the sciatic 
nerves through bilateral flank incisions in 
anesthetized male Wistar rats (100 to 200 
gm). Myotonic muscle fibers were produced 
in weanling male Wistar rats (initially 
weighing 80 to 100 gm) after two weeks of 
intraperitoneal injections of 20 mg/kg of 
20, 25-diazacholesterol hydrochloride for 
five days each week. Six days after the 
bilateral sciatic nerve lesions or one week 
after the onset of the myotonia, animals 
were anesthetized with intraperitoneal 
pentobarbital sodium for extracellular re- 
cordings. With a monopolar needle elec- 
trode in the tibialis anterior muscle and a 
reference electrode in the skin of the 
lateral abdominal wall, baseline recording 
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Effect of Various Pharmacologic Agents and Ischemia on Fibrillations and Myotonia 





Denervation Fibrillations 
Reduction 
Burst — silence 
Reduction — burst — silence 
Silence 
No succinylocholine-induced burst 
Silence 
No change 
ilence 
Burst — silence 
Silence 
Silence 
Silence 








Recordings from tibialis anterior muscle after intra-arterial injection of various pharma- 
cologic agents (columns). Upper tracings (F, read successive sweeps upward) show 
experimental fibrillations and lower tracings (M) diazacholesterol-induced myotonia. 
Numbered recordings are as follows: 1 indicates representative control recording; 2, 
after 200 ug (0.29 umoles) d-tubocurarine chloride; 3, after 1.0 ug (2.5 ymoles) 
succinylcholine; 4, after 160 ug (200 umoles) potassium chloride; 5, after 20 ug purified a- 
bungarotoxin (potency assay showed complete blockade of acetylcholine-induced 
contracture of 250 ug frog rectus muscle by bath of 4 ug/ml of this a-bungarotoxin; and 
6, after 1.0 ug (3.1 x 10-? umoles) tetrodotoxin (upper scale, 150 uV, 50 msec; lower 


scale, 150 uV, 500 msec). 


was obtained. Injections (0.2 ml of the 
various pharmacologic agents in aqueous 
solution) were then made distally into the 
transabdominally exposed iliac artery of a 
single extremity (skinned extremities dis- 
articulated at the end of experiments 
weighed approximately 10 gm) while the 
proximal portion of the artery was tempo- 
rarily occluded, with electrical recordings 
being made from the tibialis anterior 
muscle during injection. Simultaneous 
transient occlusion of the contralateral 
iliac artery was a control. 


RESULTS 


The Table and Figure show results 
of injection of the drugs in the dener- 
vated and myotonic animals and of 
prolonged ischemia. The myotonic 
discharges were unaffected by 200 ug 
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(0.29 umole) of d-tubocurarine chlo- 
ride, 20 ug of a purified a-bungaro- 
toxin preparation, a combination of 
both d-tubocurarine and a-bungaro- 
toxin, or 200 ug (0.29 umoles) of atro- 
pine sulfate. With the same doses in 
the denervated animals, the fibrilla- 
tions were only slightly reduced by d- 
tubocurarine but were irreversibly 
eliminated by a-bungarotoxin alone, 
by a-bungarotoxin given after a d- 
tubocurarine dose, and by atropine. 
With 1.0 ug (2.5 umoles) of succinyl- 
choline, there was an initial burst of 
myotonia followed by resumption of 
normal myotonie activity, while in 
denervated animals, a burst of fibril- 
lations was followed by electrical 
silence. The same. succinylcholine ef- 


Drug-Induced Myotonia 
No change 
Burst — no change 
No change — burst — no change 
No change 
No succinylocholine-induced burst 
No change 
No change 
No change 
Burst — silence 
Silence 
Silence 
Silence 











fect was noted even if the animal had 
been previously injected with d-tubo- 
curarine but was prevented by prior 
injeetion of a-bungarotoxin. Potas- 
sium chloride, 160 ug (200 jmoles), 
produced a burst of electrical dis- 
charge followed by silence in both 
fibrillating and myotonic muscles. An 
acetyleholinesterase inhibitor, pyri- 
dostigmine bromide, 1.0 yg (3.8 
umoles), produced no change in either 
the myotonic or fibrillatory activity 
but did result in visible diffuse fasci- 
culations in many muscles of the 
animals of both groups (although not 
in the denervated muscle). Myotonic 
and fibrillatory activities were equally 
abolished by 2.0 ug (7.8 pmoles) of 
procaine hydrochloride and by 1.0 ug 
(3.1 x 10-? umoles) of purified tetro- 
dotoxin. In all animals, recordings of 
the uninjected control limb showed no 
change in either fibrillatory or myo- 
tonie activity. Ischemia resulted in 
electrical silence in the myotonic or 
fibrillating muscle after 60 to 90 
seconds, the usual electrical activity 
returning 60 seconds after resumption 
of blood flow. 


COMMENT 


Previous studies of the effect of d- 
tuboeurarine on denervated muscles 
have given conflicting results in vivo 
and in vitro. In vitro, concentrations 
of 150 ug/ml of d-tubocurarine chlo- 
ride blocked the nonjunctional sensi- 
tivity of denervated rat diaphragm 
fibers to acetylcholine." In contrast, 
intra-arterial doses of 100 ug/kg of d- 
tubocurarine chloride, which blocked 
normal neuromuscular transmission, 
had no effect on fibrillations in the 
rabbit. Using a larger concentration 
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of d-tubocurarine chloride (200 ug) 
injected regionally in our rats, we 
demonstrated some reduction in fib- 
rillation activity. However, even this 
quantity of d-tubocurarine chloride 
did not affect the diazacholesterol- 
induced myotonic discharges in our 
animals. 

a-Bungarotoxin binds specifically 
and virtually irreversibly to the nico- 
tinie junctional and nonjunctional ace- 
tyleholine receptors of skeletal mus- 
cle.*'* This binding is localized to the 
tops of the postjunctional plasmalem- 
mal folds of normal muscle fibers and 
throughout the entire plasmalemma 
of denervated fibers’? and preinner- 
vated cultured fibers." In vitro, the a- 
bungarotoxin blocks the nonjunctional 
sensitivity of denervated muscle fi- 
bers to iontophoresed acetylcholine.*: 
We have now shown that low 
concentrations of a-bungarotoxin will 
abolish fibrillation in vivo, but has no 
effect on myotonia. Atropine sulfate 
at a concentration of 7.0 mM has been 
shown in vitro to block acetylcholine 
sensitivity in normal and denervated 
rat soleus fibers, possibly by affecting 
a regulator of ionic conduction at the 
acetylcholine receptor sites: We 
found fibrillations but not myotonia 
to be abolished by atropine. The depo- 
larizing cholinergic agonist succinyl- 
choline produced bursts of myotonic 
activity in our animals as has 
previously been shown in human 
myotonia.*'* As previously reported, 
we found potassium to produce bursts 
of myotonic activity" and fibrilla- 
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tions.* Tetrodotoxin and procaine, 
specifie inhibitors of the dynamie 
sodium conductance channels, si- 
lenced both fibrillatory and myotonic 
activities. Tetrodotoxin and procaine 
have also reduced clinical myotonia in 
spontaneously myotonic goats.’ 

Our results demonstrate a major 
difference, and several similarities, 
between fibrillation and myotonic 
discharges. It is possible to hypothe- 
size that fibrillations and diazacholes- 
terol-induced myotonia are mediated 
through mechanisms involving ionic 
channels, that both can be produced by 
activation of junctional/nonjunctional 
acetyleholine receptors (or some mech- 
anism coupled to the receptors), but 
that an unfettered a-bungarotoxin- 
binding portion of the acetylcholine 
receptor molecule and an unbloeked 
atropine-binding site are obligatory 
only for production of fibrillations. 


The 20,25-diazacholesterol hydrochloride was 
provided by G.D. Searle & Co, Chicago. 
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Development of Cerebrovascular 


Architecture and Its Relationship 


to Periventricular Leukomalacia 


Sachio Takashima, MD, Kenzo Tanaka, MD 


e Using microangiography combined 
with benzidine stains, we studied the 
development of vessels in the meninges, 
cortex, and white matter in 30 neonates, 
16 infants and children, and eight 
neonates with periventricular leukomala- 
cia. The vessels of the deep white matter, 
especially the ventriculofugal arteries, 
are useful as an index of cerebrovascular 
maturity. The lesions of primary leukoma- 
lacia utilizing the combined radiographic- 
histological techniques are localized to 
the ends of ventriculofugal arteries or 
between medullary arteries. 

The infants with leukomalacia have 
either poorly developed vessels or severe 
clinical complications producing ische- 
mia or both. 

(Arch Neurol 35:11-16, 1978) 
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T leukomalacia (PL) 
is found in the deep border zone 
between the anterior, middle, and 
posterior cerebral arteries, and is 
located 3 to 10 mm from the ventric- 
ular wall in the border zone between 
the ventriculopedal and ventriculo- 
fugal arteries.' In the pathophysiol- 
ogy of these neonatal cerebrovascular 
disturbances, the development of 
cerebrovascular architecture is impor- 
tant because the lesions seem to be 
related to blood supply. 

There are several methods for dem- 
onstrating angioarchitecture. The col- 
ored gelatin infusion solution has 
been tried by many workers, but 
three-dimensional observations are 
diffieult because a reconstruction of 
the vessels from sections is necessary. 
Recently, colored plastic materials 
have been used for infusion. This 
facilitates three-dimensional observa- 
tions, but histological sections of the 
tissue cannot be made. 

We have studied cerebrovascular 
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architecture by injecting barium sul- 
fate suspension into cerebral vessels 
and photographing them with a soft 
roentgenographic apparatus. This 
technique allows both three-dimen- 
sional and histological observations. 
In the same material, the capillary 
and venous networks were outlined by 
Benzidine stain after injection of 
barium sulfate suspension into ar- 
teries.” 

The purpose of this article is to 
report our observations on the devel- 
opment of cerebrovascular architec- 
ture as shown by this method of 
microangiography, and to relate peri- 
ventricular leukomalacia to the cere- 
bral vessels and their development. 


MATERIALS AND METHODS 


Postmortem cerebral microangiography 
was done on 30 neonates and 16 children 
without intracranial disease and on eight 
neonates with PL. During the autopsy, a 
colloidal solution of barium sulfate and 
gelatine was injected by hand syringe into 
cerebral arteries through the aortic arch 
for arteriography or into cerebral veins 
through the superior vena cava for phle- 
bography. This required a considerable 
pressure. Some injections were measured 
and required 120 to 150 mm Hg of pressure. 
The brains were removed and suspended in 
10% formaldehyde. The fixed brains were 
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cut coronally at 2-cm intervals; the result- 


ing sections were photographed with the 


soft roentgenographic apparatus. These 
sections were then cut at l- and 0.5-em 
intervals and roentgenograms made of 
each thickness. Next, the sections were cut 
thinner, at 500 to 1,000 u, and stained with 
the benzidine stain? This stain gave a 
black color to the vessels containing blood; 
we could see the microarchitecture of the 
veins and capillaries, differentiating them 
from the arteries filled with the barium 
solution. Phlebograms were made when 
barium sulfate was injected into the 
superior vena cava. 


RESULTS 
Normal Brains 


Meningeal Vascular System.— The 
meningeal arteries of the immature 
brain pursue a straight course, with 
simple branching and little tortuosity. 
They exhibit almost the same branch- 
ing pattern in different parts of the 
brain, even in the border zones 
between the anterior, middle, and 
posterior arteries (Fig 1). Although 
the tortuosity and diameter of menin- 
geal arteries increases with age (Fig 
2), the number of branches does not 
increase with age after seven months’ 
gestation. 

The meningeal veins are larger, 
more tortuous, and more irregular in 
their branching than the meningeal 
arteries. 

The Vascular System of the Cerebral 
Cortex and White Matter.—The corti- 
cal, subcortical, and medullary ar- 
teries branch from the meningeal 


arteries. Within each group there are 
arteries of different lengths. The 
cortical arteries supply the cerebral 
cortex, the subcortical arteries supply 
the subcortical white matter, and 
medullary arteries supply the deep 
white matter. The lateral branches of 
the arteries are more simple in the 
fetus and neonate than in the adult. 

The long cortical arteries supply the 
deep cortex and end at the cortical and 
white matter junction. In children, 
some of the long cortical arteries bend 
and extend through the cortical-white 
matter junction running parallel to 
the meninges. 

The long medullary arteries extend 
to the deep white matter and subepen- 
dymal matrix. In the deep white 
matter, their branching increases in 
number and in width with aging. 
Some anastomosis of branches can be 
found between medullary arterioles at 
all ages. In the frontal lobe, the medul- 
lary arteries appear to bifurcate into 
at least two main branches (Fig 3). In 
the other lobes, the main artery gives 
off only small branches. The medul- 
lary arteries in the temporal lobe tend 
to follow the wall of the ventricle (Fig 
4). The distal portions of some long 
medullary arteries bend at the border- 
line between the  subependymal 
matrix and cerebral white matter, run 
parallel to the ventricular wall, then 
branch into the subependymal matrix 
and the deep white matter (Fig 5). 
Some of the long medullary arteries 
extend right to the ventricular wall, 


Fig 1.—Leptomeninges in premature infant of 32 weeks’ gestation 


show simple branching and little tortuosity of arteries (white 
vessels). Meningeal veins (black vessels) are larger than arteries 


(temporal lobe, x 4.5). 
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and return to spread into the subepen- 
dymal matrix (Fig 6). The capillary 
network in the deep white matter is 
perpendicular to the ventricular walls. 
In the subependymal matrix, the 
capillary network runs parallel to the 
ventricular walls. The subependymal 
matrix with this vascular architecture 
is thick in the premature infant, but 
with maturity the subependymal 
matrix is decreased in depth and the 
capillary network appears to be flat- 
tened. 

Arteries terminating near the ven- 
tricles are called ventriculopedal ar- 
teries. Most medullary arteries are of 
this type. Arteries that approach the 
ventricle but then change direction 
and terminate at a distance from it 
are called ventriculofugal arteries. 
The  ventrieulofugal arteries are 
branches of the lateral striate ar- 
teries, the choroidal arteries, and 
some medullary arteries from the 
gyrus cinguli and gyri insulae 
(Fig 7). 

The veins of the cerebral hem- 
ispheres consist of the cortical, subcor- 
tical, and medullary veins. The cortical 
and subcortical veins flow into the 
meningeal veins. The cortical veins 
drain the cerebral cortex. The subcor- 
tical veins are short or long. The short 
are distributed to the deep cortex and 
the subcortical superficial white mat- 
ter, and the long subcortical veins are 
distributed to the intermediate white 
matter. The deep white matter is 
drained by short and long medullary 


Fig 2.—Leptomeninges in 4-year-old child. Arteries (white) and 
veins (black) are more tortuous than premature infant in Fig 1 
(frontal lobe, x 2.5). 
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veins. These generally flow vertically 
into subependymal veins in the subep- 
endymal matrix. Some of them, how- 
ever, run parallel to the ventricular 
wall in the subependymal matrix and 
then drain into the subependymal 
veins (Fig 8). 


Abnormal Brains 


In the microangiography of the 
brains with PL, it is not possible to 
define vessels in the areas of soften- 
ing. In the typical cases, barium 
sulfate did not enter the area (Fig 9), 
nor did the benzidine stain demon- 
strate blood in the site (Fig 10). 
Nodular leaking lesions and poorly 
filled tortuous vessels and irregular 
capillaries are recognized around the 
edge of the softening. After staining 
with benzidine, the softening is found 
to be localized either between medul- 
lary arteries or at the end of centrif- 
ugal arteries. In other parts of the 
brain, arteries and venules are tor- 
tuous and capillaries are narrowed. 

In addition to outlining the lesions 
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of leukomalacia, cerebroangiography 
defined the degree of maturity of the 
cerebral vasculature in the infants 
with leukomalacia. Using the ventric- 
ulofugal branches of the striate 
arteries as an index of maturity, we 
graded maturation according to this 
scale (Table). Zero maturity indicated 
the absence of branches, + maturity 
indicated branches of less than 
1 mm, + + indicated the presence 
of branches 1 to 9 mm long, 
and + + + indicated branches of over 
10 mm. In the normal infants, these 
branches spread out in a fan shape as 
the brain matured. 

From the Table it can be seen that 
most patients with leukomalacia had 
poorly developed branches, Three of 
eight had no branches or branches 
only 1 mm long. These were in prema- 
ture infants who had no confirmed 
clinical history of cardiorespiratory or 
intracranial complications. The re- 
maining five cases of PL occurred in 
newborns of nine or ten months’ 
gestation. Three of these had vessels 


Fig 3.—Premature infant of 32 weeks’ gestation. Medullary arteries 
bifurcate into two main branches (frontal lobe, x5). 


Fig 4.—Cerebrum in premature infant of 33 weeks’ gestation. Note 
vasculature of temporal lobe and ventriculofugal arteries (arrow) 
in deep white matter ( x 1). 


of less than 1 mm but also had some 


disease, particularly meningitis, cya- 
notic congenital heart disease, and 
kernicterus. Two of the newborns had 
arterial branches measuring 1 to 9 
mm; both had serious disease—puru- 
lent meningitis and a surgical ill- 
ness. 


COMMENT 


The vascular pattern of the menin- 
geal vessels varies with gestation. The 
anterior, middle, and posterior cere- 
bral arteries appear in the fourth 
month of gestation.‘ The middle cere- 
bral artery spreads out more rapidly 
with aging than the other cerebral 
arteries. In the venous system, su- 
perior, middle, inferior, anterior, and 
posterior cerebral veins are present. 
The superior, inferior, and posterior 
cerebral veins develop more rapidly 
than the other cerebral veins.* 

Ie premature infants of seven 
months’ gestation, the meningeal ar- 
teries showed a straight course with 
simple branching and little tortuosity, 
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Fig 5.—Premature infant of 30 weeks’ gestation. Note distribution 
pattern of long medullary arteries (1) and ventriculofugal arteries 
(2) on lateral side of ventricle (occipital lobe, x 5). 


with almost the same branching 
pattern in various parts of the brain. 
The tortuosity of meningeal arteries 
inereased with the development of 
cortical convolutions. The basic vascu- 
lar architecture of the circle of Willis 
and the meningeal arteries** appears 
to be already set up in the seventh 
gestational month, and show little 
change after that. 

The rete formation and caliber of 
meningeal veins is more irregular 
than those of the arteries. Trolard’s 
and Labbé’s veins are recognized in 
the seventh gestational month of the 
premature brain.‘ 

In the cerebral hemisphere with 
primary gyri (lissencephalic), medul- 
lary arteries have a long, straight 
course. As the brain matures with the 
formation of gyri, the medullary 
arteries arising from the sulci appear 
comparatively shorter, but the num- 
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ber of vessels within the periventric- 
ular white matter increases. With 
maturity, the number of lateral 
branches of the medullary arteries 
also increases. 

Banker and Larroche’ reported that 
the constant localization of PL in 
specific areas in the periventricular 
white matter suggested a relation to 
their vascular supply. They said PL 
was located at the termination of the 
major cerebral vessels in a border zone 
between anterior and middle and 
posterior cerebral arteries. Abramo- 
witz' produced focal liquefactive ne- 
crosis in the periventricular white 
matter of cats by arterial ligation; he 
suggested that a hemodynamic factor 
was also important in the mechanism 
producing such necrotic foci. In addi- 
tion, functional and anatomical sepa- 
ration of medullary arteries (charac- 
teristic end arteries) derived from the 
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Fig 6.—Mature neonate. There are various sizes of medullary 
arteries and ventriculofugal arteries in deep white matter (occip- 


three major cerebral arteries in cer- 
tain regions of the periventricular 
white matter (deep cerebral border 
zone) contributed another situation 
responsible for the selective vulnera- 
bility of the periventricular area. 
Van den Bergh’ first described the 
centrifugal component of the periven- 
tricular blood supply. De Reuck''* 
describes three types of periventri- 
cular arterial end and border zone. 
Type 1 end zone is formed by a 
ventriculopedal perforating artery 
(from a lesser striate artery or medul- 
lary branch ending in the ventricular 
wall). Type 2 border zone is formed by 
a ventriculopedal perforating artery 
(from striate artery or medullary 
branch) and by a ventriculofugal 
branch (from the choroidal arteries of 
the lateral ventricle). Type 3 border 
zone is formed by perforating arteries 
(from the lesser striate arteries and 
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Fig 7.—Ventriculofugal arteries of lateral striate arteries are well 
developed (over 10 mm) in 2-year-old child (V indicates ventricle). 


Fig 8.—Microphlebography of periventricular white matter. Some 
of medullary veins run parallel to ventricular wall (V) in subepen- 
dymal matrix and drain into subependymal veins. 





Fig 9.—Occipital lobes in patient with periventricular leukomalacia. There are avascular Fig 10.—Microangiography of deep white 
areas at sites of leukomalacia. Surrounding small arteries are tortuous. matter, defining area of periventricular 
leukomalacia (PL). Softening is localized 
either between medullary arteries and/or 
at end of centrifugal arteries (benzidine 
stain after arteriography). 
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*0 indicates absence of branches; +, branches of less than 1mm; + +, branches 1 to 9 mm long; 


+ + +, branches of over 10 mm. 


tNumbers in parentheses refer to cases of periventricular leukomalacia. 


medullary branches) De Reuck re- 
ports that most of the PL found in 
periventrieular border zones of the 
brain are located 3 to 10 mm from the 
ventricular wall between the ventricu- 
lopedal and ventriculofugal arteries 
(types 2 and 3). 

Ventriculofugal branches in the 
periventricular white matter in- 
creased with gestational age and with 
maturity of the brain. We used these 
ventriculofugal branches of later- 
al striate arteries as an index of 
the development of ventriculofugal 
branches in the periventricular white 
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matter. In premature neonates of less 
than eight months’ gestation, the 
development of  ventriculofugal 
branches of the lateral striate arteries 
is poor or nonexistent. The branches 
spread in a fan shape as the cerebral 
vessels mature, and they are found to 
be well developed in the infants over 1 
month of age. 

In six of eight newborn infants with 
PL, the ventriculofugal branches of 
the lateral striate arteries were poorly 
developed; in three of these cases 
there was no well-defined clinical 
episode to correlate with the time of 
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the development of PL." For this 
reason, we conclude that the poor 
development of the ventriculofugal 
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Febrile Seizures 


and Later Intellectual Performance 


Jonas H. Ellenberg, PhD, Karin B. Nelson, MD 


è The relationship of febrile seizures to 
later intellectual and academic perform- 
ance was examined in a sibling-control 
study. Among 431 sibling pairs tested at 
the age of 7 years, the mean full scale IQ 
on the Wechsler Intelligence Scales for 
Children was not different for children 
who had febrile seizures as compared 
with siblings who were seizure-free. 
Neither recurrent seizures nor those 
lasting 30 minutes or longer were asso- 
ciated with IQ deficit. 

Poor academic achievement, defined as 
Wide Range Achievement Test perform- 
ance more than one grade level below 
school placement in children with IQs of 
90 or above, was equally frequent in index 
cases and control patients. 

Febrile seizures were not associated 
with a decrement in IQ or early academic 
performance, as judged by comparison of 
affected children with their siblings. 

(Arch Neurol 35:17-21, 1978) 


he frequency of major neurolog- 
ical handicap resulting from fe- 
brile seizures is not well established 
despite the very common occurrence 
of such seizures in young children. 
Even less is known concerning possi- 
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ble effects of febrile seizures on intel- 
lectual and academic performance. 
Several authors have reported rela- 
tively high rates of mental retarda- 
tion in children with febrile sei- 
zures.^? Because of the definitions, 
sample selection, and methodologies 
employed, these studies do not provide 
evidence implicating febrile seizures 
per se as a cause of mental limitation. 
In some of these series, seizures 
accompanying acute neurological ill- 
nesses such as meningitis or lead en- 
cephalopathy have been accepted as 
febrile seizures; these illnesses, with 
or without seizures, may cause mental 
impairment. Some of these studies 
have involved hospitalized children or 
those referred to specialty clinies, a 
group probably selected for severity 
or atypical features of the seizure, 
associated illness, or subsequent 
course. In none of the reported series 
has it been clearly established wheth- 
er mental retardation predated sei- 
zures or resulted from the seizures. 
In order to investigate the effects 
of febrile seizures on later intellectual 
performance, we have compared cog- 
nitive abilities in children who had 
febrile seizures with cognitive abili- 
ties in children who were seizure-free, 
in a large prospectively defined popu- 
lation not selected for medical care 
sought. We have excluded children 
whose seizures were symptomatic of 
acute neurological illness and exam- 
ined the role of neurological and 


developmental status before any sei- 
zure. 

For studies concerning intelligence 
and academic performance, appro- 
priate selection of controls requires 
attention to the fact that intelli- 
gence** and academic achievement," ° 
as formally tested, have consistently 
been found higher in individuals of 
higher socioeconomic status. The com- 
párison of affected children with their 
own siblings provides a built-in con- 
trol for socioeconomic factors and a 
greater degree of both environmental 
and genetic homogeneity than is 
found with most other study designs. 
The large population of the National 
Institute of Neurological and Commu- 
nicative Disorders and Stroke Collabo- 
rative Perinatal Project (NCPP) in- 
cluded a sufficient number of children 
with febrile seizures who had an unaf- 
fected brother or sister also registered 
in the NCPP to permit a sibling- 
control study of this entity. The 
medical status of siblings in the NCPP 
was observed with the same pro- 
cedures as that of index cases, and 
siblings were examined at the same 
age and with the same testing instru- 
ments. 

The present study was performed to 
ascertain whether children who have 
experienced febrile seizures suffer 
deficits in later IQ or academic 
achievement, and if such deficits are 
observed, their magnitude and rela- 
tionship to such factors as number of 
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seizures and neurological status prior 
to any seizure. 


PATIENTS AND METHODS 


Approximately 54,000 pregnant women 
participating in the NCPP between 1959 
and 1966 received prenatal care and were 
delivered at one of 12 cooperating urban 
teaching hospitals. In 11 of these hospitals, 
the women were clinie patients, in one, 
private. The sampling frame for this study 
has been described elsewhere. The study 
sample was approximately 46% white 
patients, 46% black patients, with those of 
Puerto Rican descent accounting for the 
majority of the remainder. Sociceconomic 
status of the population of this study was 
somewhat lower than for the total popula- 
tion of the United States, as detailed by 
Myrianthopoulos and French.” 

Medical histories that included questions 
about the occurrence of convulsions, sei- 
zures, or fits with disturbance of conscious- 
ness were recorded when study children 
were aged 4, 8, 12, 18, and 24 months, and 
annually thereafter to the age o? 7 years. 
Medical records were obtained from the 
physician or medical facility for each medi- 
cally attended seizure reported. Records of 
children with any documentation of sei- 
zures were reviewed for uniform elassifica- 
tion. These children were unselected for 
medical care received for seizures or the 
provoking illness; most were outpatients. 

The protocol of the NCPP specified a 
regular schedule of examinations for all 
participating children. For children who 
experienced febrile seizures, neurological 
and developmental status prior to any 
seizure was evaluated using a pediatric 
examination at 4 months of age, performed 
by pediatric staff or residents or fellows; 
an overall impression after the administra- 
tion of the Bayley Scales of Mental and 
Motor Development by a psychologist 
when the child was 8 months old; and a 
pediatric and neurologic examination at 1 
year of age, performed by a member of the 
pediatric or neurologic staff or residents or 
fellows. A global rating of neurolcgically or 
developmentally suspect or abnormal on 
any of these tests performed before the 
first seizure led to the classification of that 
child as other than normal. For control 
siblings, early neurological status was 
judged on the basis of the examination at 1 
year of age. 

The measure of intelligence was the full- 
. scale IQ on the Wechsler Intelligence 
Seales for Children (WISC) at 7 years of 
age. Academic performance was evaluated 
with the Wide Range Achievement Test 


administered when study children were 7 . 


years old, or in a small proportion of cases, 
at later ages. 
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Children with febrile seizures were 
included in this study if they had a seizure- 
free sibling registered in the study and if 
results of intelligence testing at 7 years of 
age were available for both index case and 
control sibling. Because the aim of this 
study was to investigate the consequences 
of febrile seizures only, children who expe- 
rienced any subsequent afebrile seizure by 
the age of 7 years were excluded. If more 
than one sibling was available for compar- 
ison, the closest born who met these 
criteria was accepted and the next older 
was accepted if possible. For evaluation of 
academic performance, both members of 
the pair were required to have full-scale 
IQs of 90 or above and both to have been 
examined with the Wide Range Achieve- 
ment Test. 

Race was determined on the basis of 
self-identification by the mother at any 
early prenatal interview. In no case did a 
mother report a different race in the two 
pregnancies represented in this study, and 
therefore, in all cases, both members of a 
sibling pair were of the same race. 

Statistical comparisons were made by 
two-tailed paired f tests, except where 
otherwise indicated. 


DEFINITIONS 


A child was considered to have had a 
febrile seizure if the first seizure he 
ever experienced was accompanied by 
fever, occurred between the ages of 1 
month and 7 years, and was not symp- 
tomatic of recognized acute neurologic 
illness. Children with acute neurologic 
illnesses such as meningitis, lead en- 
cephalopathy, marked systemic dehy- 
dration, and seizures after immuniza- 
tion procedures were excluded. 

Poor academic performance, evalu- 
ated only among children whose full- 
scale IQ at seven years was 90 or 
above, was defined by grade ratings 
more than one year below actual 
grade placement in reading or spell- 
ing or both. 


RESULTS 
Full-Scale IQ in Index Cases 
vs Control Siblings 


Of 1,706 children with  febrile 
seizures who were observed to 7 years 
of age, 52 were excluded because they 
experienced one or more later afebrile 
seizures. These 52 children are dis- 
cussed elsewhere. There were 431 
children of the remainder who had at 
least one sibling enrolled in the NCPP, 
and whose intelligence and that of the 


sibling were tested at seven years. 

The mean full-scale IQ for the 431 
children who had experienced febrile 
convulsions was 93.0 (SD — 13.9) and 
for their 431 control siblings, 93.7 
(SD = 12.8). The mean difference be- 
tween pairs, —0.7 (SD — 13.4), was not 
statistically significant. 

The study sample consisted of 199 
white, 226 black, and six Puerto Rican 
sibships. For white children, the mean 
IQ of index cases was 99.8 (SD = 12.8) 
and of white control patients, 100.7 
(SD = 11.4). For black children, the 
mean for index cases was $87.1 
(SD — 12.1) and for control patients, 
87.6 (SD = 10.7). The paired differ- 
ences, which were not statistically 
significant, were less than one IQ 
point in both races. Because of the 
absence of IQ difference within 
sibships of either race and because all 
comparisons were made within same- 
race sibships, the subsequent analyses 
reported here combined races. 

Differences in IQ in sibling pairs 
were further evaluated comparing 
index children who were considered 
neurologically normal prior to any 
seizure with siblings who were neuro- 
logically normal at 1 year of age. In 
these 249 normal sibships, mean 
differences in IQ at 7 years of age did 
not depart significantly from zero 
(Table 1). The frequency distribution 
of IQ differences within the 249 
sibships in which both index child and 
control were known to have been 
normal on early examination was 
symmetrical around a mean differ- 
ence of 0.45 (Fig 1A). 

The frequency distribution of IQ 
differences in 61 pairs of which the 
index case was suspect or abnormal 
prior to the first febrile seizure and 
the sibling was normal was skewed 
with a mean of —5.7 (Fig 1B), which is 
significantly different from zero 
(two-tailed Wilcoxon signed rank test, 
P =~ .026, Table 1). Index children who 
were considered suspect or abnormal 
demonstrated abnormalities of ten- 
don reflexes or tonus, or incoordina- 
tion, involuntary movements, head 
size too large or too small, develop- 
mental delays, or low scores in mental 
and/or motor scales of the Bayley 
examination. Much the most common 
were delays in meeting developmental 
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milestones. One hypotonic child had 
the Prader-Willi syndrome. 

Thus, children who were normal 
before any febrile seizure did not 
differ in IQ at seven years from their 
normal seizure-free siblings, while 
children who were suspect or abnor- 
mal before their first febrile seizure 
scored significantly lower IQs than 
their normal siblings at 7 years of 
age. 

Index children were considered in 
.two further groupings: those whose 
seizures were less than 15 minutes in 
duration, were not focal, were not 
multiple in a 24-hour period, and 
whose first seizure occurred between 
the ages of 6 months and 4 years 
("pure" febrile seizures); and those 
who experienced a seizure that lasted 
more than 15 minutes, who had a 
seizure that was focal or multiple 
(“complex” febrile seizure), or who 
had their onset outside the specified 
time period. The mean difference in 
IQs of children with either pure, or 
complex or nonstandard time of onset 
seizures, was not significantly differ- 
ent from zero as compared with 
control siblings (Table 2). 

Twenty-seven children in this sam- 
ple had a febrile seizure that lasted 30 
minutes or longer. The mean full-scale 
IQ in children with a prolonged 
seizure was 94.9 (SD = 12.5), and for 
their control siblings, it was 91.8 
(SD = 12.8); the mean difference for 
these pairs was not significantly 
different from zero. In 14 of these 
children, a febrile seizure was re- 
ported to have lasted an hour or 
longer. Mean full-scale IQ was 96.4 
(SD = 11.6) in children with febrile 
seizures of an hour or longer duration, 
and in control siblings, the IQ was 93.5 
(SD = 13.0). These values were also 
not significantly different in this 
small subgroup. 

The effect of seizure number on 
later intelligence was investigated. 
There was a tendency that did not 
reach statistical significance for the 
mean differences between index case 
and control to increase as seizure 
number increased (Table 3). If only 
previously normal children were con- 
sidered, that trend was no longer 
evident (Table 4). 

Sibling pairs were divided into four 
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IQ DIFFERENCES 


A, Frequency distribution of IQ differences (index case minus control case) in 249 sibling 
pairs of which index case was known to be normal prior to any seizure and control sibling 
was normal at 1 year of age. B, Frequency distribution of IQ differences (index case 
minus control case) in 61 sibling pairs of which index case was suspect or abnormal on 
at least one examination prior to first febrile seizure and control sibling was normal at 1 
year of age. 








Table 1.—Seven-Year IQ in 431 Sibling Pairs According to Neurological 
Status of Index Case Prior to First Seizure 





Neurological Status of 
Index Case Prior to 


Mean IQ (SD) 
Mean IQ 


First Seizure N Index Case Control Case Differences (SD)* 
Normal 249 94.9 (12.9) 94.4 (12.1) 0.5 (11.4) 


Suspect or Abnormal 61 88.9 (15.4) 94.6 (13.7) —5.7 (18.2)t 


Total 431t 93.0 (13.9) 93.7 (12.8) —0.7 (13.4) 


*Index case IQ minus control case IQ. 

TIn 121 cases, the neurological status of the index case prior to the first seizure was unknown or the 
neurological status of the control sibling at one year was unknown, suspect, or abnormal. 

iWilcoxon signed rank test (two-tailed); P ~ .026. 


Table 2.—Seven-Year IQ in 431 Sibling Pairs According to Clinical Features 
of Febrile Seizures 


Mean IQ (SD) 
Mean IQ 
Differences (SD)* 


—0.7 (13.6) 


Clinical Features of 
Febrile Seizures N 


Pure 286 
Complex or onset less than 


six or greater than 48 
months 145 


Control Cases 
93.7 (13.1) 


Index Cases 
93.0 (14.2) 





93.1 (13.3) 93.5 (12.2) 


—0.4 (13.1) 


*Index case IQ minus control case IQ. 
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like and unlike sex combinations 
(male-male; female-female; male-fe- 
male, with male affected; and male- 
female, with female affected). Differ- 
ences in IQ between index cases and 
control patients were not significant- 
ly different in any of these sex group- 
ings. In half the examined sibships, 
the index case was the earlier born, in 
half the later born of the pair. There 
was no significant difference between 
index case and control by birth 
order. 

Eighteen index children were still 
under continuous prophylactic treat- 
ment with phenobarbital at the age of 
7 years. The mean IQ in these treated 
children, whose blood drug levels were 
not examined, was 94.9 (SD = 13.9), 
while that of their control siblings was 
92.9 (SD = 9.7). The mean difference 
was not significantly different from 
zero. 

Of the factors examined, then, only 
neurological and developmental status 
before any seizure was significantly 
associated with a difference in IQ 
between affected children and control 
siblings. 


Early Academic Achievement in 
Index Children vs Control Siblings 


There were 208 sibling pairs, or 416 
children, of whom both index and 
control sibling had full-scale Wechsler 
Intelligence Scales for Children IQs of 
90 or greater at the age of 7 years, and 
of whom both were evaluated with the 
Wide Range Achievement Test. 

Fourteen of the 416 children in 
these sibling pairs were rated as one 
or more years below their actual grade 
level in reading or spelling or both. In 
seven cases, the low achiever was a 
child who had experienced one or more 
febrile seizures, and in seven cases, 
the low achiever was a control sibling. 
Three of these children (two index 
cases and one control) were repeating 
a grade in school. 

Febrile seizures were not associated 
with an increase in the frequency of 
poor early academic achievement 
among children of normal intelli- 
gence. 


COMMENT 


This study has found no measurable 
deficit in later full-scale IQ in children 
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Table 3.—Seven-Year IQ in 431 Sibling Pairs According to Number of Febrile 
Seizures 


Mean IQ (SD) 


No. of 
Febrile Seizures N index Case 


E 93.2 (13.9) 
94.2 (13.6) 

= 92.7 (14.0) 
73 91.3 (14.2) 


Mean IQ 
Differences (SD)* 


—0.2 (12.7) 
—0.4 (17.1) 
—1.5 (14.9) 
—2.6 (12.9) 


Control Case 
93.4 (12.9) 
94.6 (13.3) 
94.2 (12.6) 
93.9 (12.0) 


*Index case IQ minus control case IQ. 





Table 4.—Seven-Year IQ in 249 Neurologically Normal Sibling Pairs According 
to Number of Febrile Seizures 


Mean IQ (SD) 


No. of 


Febrile Seizures N 


182 94.1 (13.8) 


Index Case 


Mean IQ 
Differences (SD)* 


0.3 (11.2) 


Control Case 
93.8 (12.3) 


97.9 (9.1) 96.1 (11.1) 1.8 (12.6) 


= 
z 
*Index case IQ minus control case IQ. 


who had only febrile seizures, as 
judged by comparison of such children 
with their own siblings who were 
seizure-free. Children who had a 
febrile convulsion but were normally 
intelligent did not manifest more 
frequent early lags in reading or 
spelling than their normally intelli- 
gent siblings who had no seizures. 

A number of laboratory studies 
have indicated that induced seizures 
are damaging to brain.'*'^ However, 
most such experimental studies have 
concerned convulsions that were ei- 
ther prolonged—often extremely pro- 
longed—or repetitive, while most fe- 
brile seizures in children are neither 
prolonged nor repeated." In one of the 
few studies of the consequences of 
single brief seizures, convulsions with 
artificially induced fever in infant 
rats were associated with greater gain 
in weight, an enhanced resistance to 
later audiogenic seizures, and no defi- 
cits on behavioral testing by water 
maze or activity wheel.’ The authors 
suggest that the febrile seizures acted 
as a source of stimulation in these 
animals, with a facilitating effect on 
behavior similar to that produced by 
other nondestructive stresses, such as 
handling. 

Of clinical studies examining the 
relationship of febrile seizures to 
intelligence or school performance, 
the conclusions have been conflicting. 


96.9 (10.0) 
$ 95.9 (10.8) 





96.0 (11.3) 
95.9 (11.6) 


0.9 (11.9) 
0.0 (11.3) 


From the large British National Child 
Development Study, Ross reported 
that ll-year-old children who had 
febrile seizures only, “appeared to do 
as well in school as children who had 
never had fits.” In contrast, Schiøttz- 
Christensen compared 14 monozygous 
twin pairs discordant for febrile 
seizures on a range of behavioral 
tests, and found “small and relative 
dysfunctions” in the co-twin who had 
experienced febrile seizures.'* The 
mean difference in IQ between 
affected and nonaffected twins was 
five points (the means being 100 and 
105, respectively), with a trend 
through a variety of tests for the 
performance of the seizure-free child 
to exceed that of his co-twin. This 
careful study, which however did not 
include neurological or developmental 
evaluation prior to seizure onset, is the 
chief evidence now available to sug- 
gest that children with febrile sei- 
zures are inferior in intelligence and 
performance to control subjects. 

Other studies of intelligence in chil- 
dren with febrile seizures have not 
excluded children with intrinsically 
brain-damaging illness in association 
with seizures and fever, have involved 
selected populations, and/or have not 
described the control population, if 
any, with regard to socioeconomic 
characteristics.'-? !? 

Few previous clinical studies have 
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attempted to distinguish preexisting 
pathologic conditions from those that 
might have arisen during febrile 
seizures, and none has had a system- 
atic basis for making this determina- 
tion. The study reported here had the 
advantage of documentation of the 
status of children before the first 
seizure, and this factor has emerged 
as one of major significance: not the 
occurrence, clinical type, nor number 
of febrile seizures, but characteristics 
of the child before any seizure were 
related to later intellectual status. 

It is of interest that children in this 
sample who had a febrile seizure that 
lasted 30 minutes or longer, or an hour 
or more, were not inferior in full-scale 
IQ at the age of 7 years as compared 
with control siblings. There were not 
enough children with seizures of 
longer duration to permit evaluation. 

The possibility that intellectual im- 
pairment might result from febrile 
seizures has been among the consider- 
ations inclining some clinicians to- 
ward chronic prophylaxis for most or 
all children who have experienced such 
seizures. The first opportunity for 
decision-making as to therapy is 
usually after a child has experienced a 
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first febrile seizure, and, therefore, it 
is relevant to ask whether children 
who had recurrent febrile seizures 
differed from their siblings; if recur- 
rent seizures were prevented, could 
the child be spared a significant 
threat to his future cognitive abilities? 
In the present study, children with 
two or more febrile seizures did not 
differ in later IQ from control 
siblings. 

The recent report of Wolf et al” 
indicates that, given substantial ef- 
fort to secure and measure com- 
pliance, prolonged administration of 
phenobarbital can significantly re- 
duce recurrences of febrile seizures. 
The attrition rate was high and fail- 
ures of compliance were frequent in 
this study, despite the effort ex- 
pended. 

Information is still incomplete on 
the incidence and severity of short- 
and long-term consequences of barbit- 
urates and of newer anticonvulsant 


agents in children. Little is known of 


the effects of chronic administration 
of anticonvulsant medications on cog- 
nitive and social development of 
young children.” 

In considering the management of 
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patients with febrile seizures, the clin- 
ician must judge whether years of 
chronic anticonvulsant therapy are 
preferable to the risk of recurrence. 
The data presented here suggest that 
febrile seizures, initial or recurrent, 
are not likely to cost the child a 
measurable decrement in intelligence 
or early academic achievement. 
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Failure of Downward Gaze 


The Site and Nature of the Lesion 


G. Michael Halmagyi, MB; William A. Evans, MB; John M. Hallinan, MB 


* We report four patients with paralysis 
of downward gaze but with intact upward 
gaze, including one with detailed clinico- 
pathological studies and another with a 
focal computerized axial tomographic 
(CT) scan abnormality confirming the 
presence of bilateral lesions of the 
dorsomedial red nucleus, including the 
fasciculus retroflexus. It is suggested that 
sudden, permanent selective failure of 
downward gaze accompanied by transient 
disturbance of consciousness is an 
embolic syndrome of the posterior thala- 
mosubthalamic or rubral artery. 

(Arch Neurol 35:22-26, 1978) 


| ges failure of downward gaze is 
a rare clinical phenomenon, and 
the literature on this subject is 
limited. There have been only three 
published cases that include autopsy 
examination. For this reason, the 
following four cases are reported. 


REPORT OF CASES 


Case 1.—This 66-year-old woman with 
long-standing mitral stenosis and atrial 
fibrillation was found unconscious by a 
neighbor. On arrival at hospital, she 
groaned and moved all limbs in response to 
pain. The right pupil was 2 mm; the left, 1.5 
mm; and neither reacted to light. Hori- 
zontal eye movements were elicited with 
encouragement, but vertical eye move- 
ments could not be obtained by bilateral 
caloric stimulation. Her level of conscious- 
ness rapidly improved, and after about a 
week, she was fully ambulant, although she 
had residual difficulties with retentive 
memory. On examination, there was 6/9 
acuity in each eye and full perimetric 
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fields, marked bilateral ptosis that was not 
present before this illness, normal hori- 
zontal saccades and pursuit, and 20° of 
upgaze, but downgaze was absent on 
command, pursuit, head-tilt and after rota- 
tion; the pupils were now equal and reac- 
tive to light and accommodation. Minimal 
convergence was possible. Investigation 
results included a normal sodium pertech- 
netate Tc 99m isotope cerebral scan and 
clear CSF. A computerized axial tomo- 
graphic (CT) scan one week after admis- 
sion showed bilateral areas of contrast 
enhancement, suggesting infarction in the 
medial thalami, which then resolved after a 
further two weeks (Fig 1 through 4). 

Case 2.—This 65-year-old woman had a 
past history of benign gastric ulcer and 
two myocardial infarcts. There was no 
history of hypertension. She was admitted 
one month after the second myocardial 
infarct after sudden onset of dysarthria 
and loss of consciousness at home. She 
recovered consciousness in 20 minutes and 
complained only of diplopia. On examina- 
tion, there was a mild gait ataxia and a left 
carotid bruit. The eye signs were as 
follows: normal visual fields; normal pupils 
and lids; mild bilateral esotropia, with 
beats of spontaneous convergence nystag- 
mus; and normal horizontal saccades and 
pursuit, with a skew deviation in left gaze 
with the left eye down. There was more 
than 10° of upward gaze present, with 
intact Bell’s reflex, but there was no down- 
ward gaze on volition or in response to 
bilateral caloric testing. Investigation re- 
sults included a normal lumbar puncture 
and normal isotope cerebral scan. The 
provisional diagnosis was cerebral embo- 
lism. She was treated with intravenous 
heparin sodium. There was no change in 
symptoms or signs until one week later, 
when she suddenly became dysarthric. Left 
sixth and seventh nerve pareses developed, 
and she lost consciousness and died with 
apnea after six hours. 

On general examination, there was an 
hourglass stomach and a false aneurysm of 
the left ventricle, presumably from an 
unsuspected rupture of the heart during 
the first myocardial infarct two years 
previously. There was mural thrombus in 


the aneurysm. The cerebral hemispheres 
were examined by serial l-em coronal 
sections and found to be normal. The brain 
stem and posterior thalamus were re- 
moved, fixed in toto, and examined by 
serial section. Bilateral areas of infarction 
were demonstrated in the rostral midbrain 
and the left ventral thalamus (Fig 5 
through 13). On the right, the infarct was 
confined to the red nucleus. On the left, it 
involved its rostromedial capsule, the 
nucleus of Darkshevich and the nucleus 
of Cajal, the dorsal longitudinal fasciculus, 
the mammillotegmental tract, the dentato- 
rubrothalamic tract, the caudal dorsome- 
dial nucleus and the parafascicular nucleus 
of the thalamus, and the centrum median- 
um. The fasciculus retroflexus passing 
through the red nucleus was involved on 
both sides. The third nerve nuclei and exit 
fibers were spared. The cause of death was 
hemorrhage into a large unrecognized 
infaret of the left cerebellar hemisphere. 
Case 3.—This 40-year-old man suffered 
from alcoholie cardiomyopathy, atrial fi- 
brillation, and liver disease. He was 
admitted with a history of recent onset of 
profound mental disturbance and gait 
ataxia. He had no previous eye disorder 
and no squint. On examination, he was 
completely disorientated in time and place 
and could furnish no personal details. The 
eye signs were as follows: visual acuity of 
the right eye, 6/12; and visual acuity of the 
left eye, 6/6; full perimetric fields, normal 
lids, normal horizontal saccades and pur- 
suit, with some fine nystagmus, and skew 
deviation on left gaze with the left eye 
down. There was about 15? of upward gaze 
demonstrated, but there was no downward 
gaze, even with bilateral caloric testing. 
There was retraction nystagmus, absent 
convergence, and the pupils were 4 mm and 
3 mm initially, fixed both to light and to 
accommodation. He was treated with 
vitamin B,, but after discharge, he contin- 
ued to drink heavily. However, his mental 
functions improved markedly, and some of 
his oculomotor abnormalities resolved. Af- 
ter eight months, there was about 30° of 
upward gaze but still no downward gaze at 
all, the pupillary light reflex had returned, 
and retraction could still be demonstrated 
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Fig 1.—Case 1, Scan (EMI) of uncon- 
trasted 1B cut showing normal ap- 
pearances of third ventricle, cisterna 
ambiens, and frontal horns. 


but there was no convergence. Cerebro- 
spinal fluid and the isotope cerebral scan 
were normal, and the pneumoencephalo- 
gram and CT scan showed some degree of 
cerebral and cerebellar atrophy. 

Case 4.—This 66-year-old man had long- 
standing hypertension and angina pecto- 
ris. His daily alcohol intake was about 150 
g. Several months previously, he had 
experienced a sudden episode of transient 
complete binocular blindness. On this occa- 
sion, he was admitted after sudden onset of 
confusion and visual difficulties. On exam- 
ination, he was disoriented in time and 
place and could give no coherent account of 
his illness. He spoke fluently and without 
error. Vision was difficult to quantitate 
because of difficulties in recognition of 
letters, numbers, and objects but he could 
read Jaeger test type No. 6. Retentive 
memory was poor. He could print a few 
letters laboriously but could not read what 
he had written. Visual fields and pupils 
were normal. There was gross bilateral 
ptosis that had not been present previous- 
ly. Horizontal saccades and pursuit were 
normal, and about 20° of upward gaze was 
elicited but no downward gaze, even with 
bilateral caloric testing. Convergence and 
accommodation were absent. In addition, 
there was mild distal diminution of vibra- 
tion sense, absent ankle jerks, and a mild 
gait ataxia. The CSF contained eight 
lymphocytes, but the isotope cerebral scan 
was normal. He was treated with warfarin 
sodium, but there was no change in the eye 
signs after six months. 


COMMENT 


It has been acknowledged since the 
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Fig 2.—Case 1, Scan (EMI) of contrasted 
1B cut showing areas of enhancement in 
both medial thalami (arrows). 


original reports of Parinaud that the 
dorsal midbrain is the usual site of 
lesions in cases of total vertical gaze 
paralysis. There is, however, evidence 
that large bilateral medial pontine 
lesions may also cause such a disor- 
der,' although this is not usually found 
with lesions in this area. Angelergues 
et al" reviewed the European litera- 
ture and favored the nuclei of Dark- 
shevich and Cajal as the brain stem 
generators of vertical gaze. Christoff’ 
more recently reviewed 27 patients 
with vertical gaze disorders who had a 
full anatomical examination. He 
agreed with Angelergues that the 
lesion was usually bilateral and 
involved the pretectum and dorsal 
tegmentum. Occasionally it was uni- 
lateral but then it involved the poste- 
rior commissure. Christoff, however, 
further suggested that these lesions 
cause failure of upward gaze alone. 
This opinion is seemingly confirmed 
by the macaque experiments of Pasik 
et al? in which lesions of the dorsal 
midbrain produced paralysis of verti- 
eal gaze or upward gaze alone. In no 
case was there selective paralysis of 
downward gaze. The authors con- 
cluded that the posterior commissure 
and its nuclei were the structures crit- 
ieal to upward gaze. From examina- 
tion of their published data, it appears 
that involvement of the nuclei of 
Darkshevich and Cajal and the 
habenula was the main difference 





Fig 3.—Case 1, Scan (EMI) of contrasted 
2A cut showing areas of enhancement in 
both medial thalami. 





Fig 4.—Case 1, Scan (EMI) of contrasted 
2B cut showing normal appearances of 
ventricles and cerebral cortex. 


between the lesions producing upward 
gaze paralysis alone and total vertical 
gaze paralysis. 

Isolated failure of downward gaze is 
much less common than failure of 
upward gaze, and of the three autop- 
sied cases in the literature, Cogan's* is 
difficult to interpret. The patient had 
had at least one previous stroke and, 
at autopsy, had numerous areas of 
infarction throughout the brain stem 
and the hemispheres. 

The patient of André-Thomas et al? 
was a 57-year-old man with sudden 
onset of a neurological syndrome 
comprising a transient confusional 
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Fig 5.—Case 2, Section of midbrain at level of brachium conjunc- 
tivum, showing normal appearances (vertical cut in specimen 
indicates left side of brain). 
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Fig 7.—Case 2, Section of midbrain at slightly higher level than Fig 
6, showing two areas of infarcton (arrows) in left red nucleus 
(vertical cut in specimen indicates left side of brain). 


state, with left hemiparesis and oculo- 
motor abnormalities that persisted 
until death four months later. His eye 
signs were bilateral lid retraction, 
with the globes slightly elevated at 
rest; complete failure of saccadic and 
pursuit downward gaze and minimal 
downward gaze, with the oculoceph- 
alic maneuver; intact upwards and 
horizontal gaze and intaet conver- 
gence; and equal pupils responding 
poorly to light and aecommodation. At 
autopsy, bilateral lesions of the rostro- 
dorsal midbrain tegmentum were 
found. These were said to involve the 
nucleus of Darkshevich and the 
rostral dorsomedial red nucleus cap- 
sule bilaterally. There was also a 
lesion of the right thalamus involving 
the fields of Forel and the mammillo- 
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thalamic tract. On examination of the 
illustrations, it seems probable that 
the fasciculus retroflexus, mammillo- 
tegmental tract, and central tegmen- 
tal tract are also involved at least on 
the left side. The third nerve nuclei 
were clearly spared. The lesions were 
described as hemorrhagie necrosis. 
The patient of Jacobs et al^ was a 
42-year-old male alcoholic who had a 
severe organic mental disturbance 
and was found to have the following 
oculomotor abnormalities: normal lids, 
with the globes slightly elevated at 
rest; total paralysis of downward 
gaze; 40? upward saccades possible 
and normal horizontal movements; 
midposition unequal pupils, with poor 
light reaction; absent convergence 
and accommodation; and no retraction 


Fig 6.—Case 2, Section of midbrain at level of lower third nerve 
nucleus. Arrow indicates small area of infarction in dorsolateral 
part of left red nucleus (vertical cut in specimen indicates left side 
of brain). 





Fig 8.—Case 2, Section of midbrain at level of upper third nerve 
nucleus. Arrows indicate different appearance of two areas of 
infarction in left red nucleus (vertical cut in specimen indicates 
left side of brain). 


but shimmering horizontal move- 
ments on attempted downward gaze. 
At autopsy, bilateral symmetrical 
lesions were found that were said to 
involve the dorsomedial, ventrolateral 
and intralaminar nuclei of the thala- 
mus, the fasciculus retroflexus, the 
capsule of the red nucleus, the rostral 
Edinger-Westphal nucleus, the nu- 
cleus of Darkshevich and Cajal, and 
the adjacent periaqueductal gray mat- 
ter. The third nerve nuclei, the poste- 
rior commissure, and pretectum were 
normal. No comment was made about 
the dorsal longitudinal fasciculus, the 
mammillotegmental tract, or the cen- 
tral tegmental tract, but these were 
probably involved as well. The lesions 
were infarcts. Jacobs suggested that 
bilateral lesions of the fasciculus 
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Fig 9.—Case 2, Section of diencephalon at rostral end of red Fig 10.—Case 2, Section (slightly oblique) of diencephalon just 


nucleus. Arrows indicate bilateral areas of infarction within red above red nucleus on left side. Arrows indicate infarction of right 
nucleus and on left side, dorsomedial to it as well (vertical cut in red nucleus and left subthalamus (vertical cut in specimen 
specimen indicates left side of brain). indicates left side of brain). 
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Fig 11.—Case 2, Section of diencephalon. Arrows indicate rostral Fig 12.—Myelin-stained coronal section of left thalamus, showing 
end of infarct on right side but still extensive infarction in left extension of infarction into centrum medianum, dorsomedial, and 
subthalamus (vertical cut in specimen indicates left side of parafascicular nuclei (arrow). 

brain). 


Fig 13.—Composite drawing of coronal section showing extent of lesions (stippled 
areas). 3v indicates third ventricle. 
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retroflexus were likely to be respon- 
sible for downward gaze paralysis. It 
appears however that several other 
structures are bilaterally involved in 
these two cases; the (dentato)-rubro- 
thalamie tract, the central tegmental 
tract, the mammillotegmental tract, 
and the dorsal longitudinal fasciculus 
being among these. In our own 
patient, it appears that only the rubro- 
thalamic tract, red nucleus, and fasci- 
culus retroflexus were involved bilat- 
erally. Although Bender’s’ theory of 
bilateral pathways in vertieal gaze is 
not yet proved, our cases 1 and 2 
support it. However, unilateral elec- 
trieal stimulation anterior and lateral 
to the red nucleus during stereotaxic 
surgery has been reported to produce 
forced downward gaze.* A unilateral 
lesion in the H-field of Forel under 
similar cireumstances was reported to 
produce temporary loss of downward 
gaze.* Although the error in the locali- 
zation may be as much as 5 mm, the 
lesions and the stimulation were each 
strietly unilateral and are consistent 
with the clinieal observation of forced 
downward gaze and convergence in 
thalamic hemorrhage.'^ 

Pathologic changes in patient 2 also 
confirm bilateral involvement of the 
fasciculus retroflexus in selective pa- 
ralysis of downward gaze, and there- 
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fore emphasizes its usefulness as a 
precisely localizing clinical sign. Fur- 
thermore, we suggest that the nature 
of the lesion causing selective down- 
ward gaze paralysis is most commonly 
embolic infarction. There seems little 
doubt that cases 1, 2, and 3 represent 
cardiac embolism and case 4, ather- 
oembolism from the main vertebroba- 
silar trunk. Selective failure of down- 
ward gaze was not observed in the 
Wernicke-Korsakoff syndrome by 
Victor et al." André-Thomas’ patient 
died within four months of carcinoma 
of the stomach and had cerebral 
lesions suggestive of embolic infarc- 
tion. Marantic endocarditis is not an 
uncommon accompaniment of rapidly 
progressive gastric carcinoma. Jacobs' 
patient was an alcoholie, but no infor- 
mation is given about his cardiovas- 
cular status, especially regarding pos- 
sible cardiomyopathy. Segarra’ re- 
ported two patients with akinetic 
mutism, one of whom had total 
vertical gaze paralysis. Both had an 
infarct quite similar in distribution to 
these three autopsied patients with 
downward gaze paralysis. He at- 
tributed the lesions to occlusion of the 
posterior thalamosubthalamic artery, 
a single paramedian branch of one 
posterior cerebral artery between the 
bifurcation of the basilar and the 
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e Four patients affected by Hunting- 
ton’s chorea (HC) with a well defined 
family history of the disease were injected 
intramuscularly with apomorphine hy- 
drochloride in nonemetic doses, ranging 
from 1 to 4 mg. Soon after treatment, all 
patients showed a marked decrease 
in abnormal involuntary movements. 
Pretreatment with haloperidol (2 mg intra- 
muscularly) or sulpiride (100 mg intra- 
muscularly) 30 minutes prior to apomor- 
phine treatment, prevented the therapeut- 
ic effect of this compound. It is suggested 
that apomorphine-induced improvement 
in Huntington's Chorea is mediated by the 
stimulation of a special kind of dopamine 
receptor, leading to inhibition of the 
activity of dopaminergic neurons. 

(Arch Neurol 35:27-30, 1978) 


Arch Neurol—Vol 35, Jan 1978 


pomorphine hydrochloride, a direct 
stimulant of dopamine (DA) 
receptors' has been shown to amelio- 
rate the abnormal involuntary move- 
ments (AIM) in five patients affected 
by Huntington's chorea (HC)? This 
finding is in apparent contrast with 
the accepted view that an increased 
dopaminergic activity, due to striatal 
DA receptor hypersensitivity, is re- 
sponsible for the neurological distur- 
bances present in this disease.* In- 
deed, according to this theory, apo- 
morphine would have been expected 
to worsen the AIM, as it actually does 
in experimental models of HC in 
monkeys.? The present study confirms 
the therapeutic effect of apomorphine 
in HC and shows that this action is 
prevented by haloperidol and sulpi- 
ride, two specifie DA receptor block- 
ers.^* It is suggested that the anti- 
choreic effect of apomorphine is 
mediated by a preferential stimula- 
tion of a special kind of DA receptors, 
resulting in inhibition of DA synthe- 
sis and dopaminergic activity.*'^ 
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MATERIAL and METHODS 


The following four patients, hospitalized 
on the Institute of Mental and Nervous 
Diseases from July to November 1976 were 
studied: 

Case 1.—This 58-year-old woman weigh- 
ing 45 kg has suffered from HC for three 
years. She manifested severe symptoms of 
chorea, with continuous and generalized 
movements and moderate dementia. Her 
mother had been affected by the same 
disease. 

Case 2.—A 52-year-old man weighing 71 
kg had suffered from HC for seven years. 
He had severe dementia and choreie move- 
ments, mainly of the limbs. His father and 
a male paternal cousin had been affected 
by HC. 

Case 3.—A 38-year-old man weighing 64 
kg had suffered from HC for four years. 
He had a mild dementia and abnormal 
movements mainly in the upper extremi- 
ties. His father had been affected by HC. 

Case 4.—A 42-year-old woman weighing 
52 kg had been affected for three years. 
She suffered from mild symptoms of 
dementia and display AIM in the face, 
trunk, and upper limbs. A maternal grand- 
mother had the same disease. 

Routine blood and urinary test results 
were within normal range for all patients. 
The EEG showed nonspecifie abnormali- 
ties in all four patients. Pneumoencephal- 
ography showed moderate to marked 
features of cerebral atrophy. 

Informed consent for the clinical trials 
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Fig 1.—Effect of different doses of apomorphine on abnormal involuntary movements (AIM) in Huntington's chorea. Following 
probabilities are for all cases: Higher dose of apomorphine in respect to saline was P — .01, lower dose of apomorphine in respect to 
saline was P < .01, and lower dose of apomorphine in respect to higher dose of apomorphine was P < .05. 


was obtained from all subjects and their 
relatives. Medication for all patients was 
stopped at least fifteen days before the 
studies began and, during the period of 
experimentation, the patients received no 
other treatment. 

Experiments were performed at three- 
day intervals at 10 AM about two hours 
after breakfast, which consisted of milk 
and biscuits. During the experiment, each 
patient was continuously observed through 
an one-way glass window while lying 
supine in a comfortable bed inside of an 
EEG registration room. Abnormal involun- 
tary movements were recorded by means 
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of a polygraph activated by a movement 
transducer applied to the right foot in 
patients 1 and 2 and to the right hand in 
patients 3 and 4. 

Each recording session lasted two hours. 
Apomorphine or placebo were given 60 
minutes after the beginning of the record- 
ing. Sulpiride or haloperidol were given 
after 30 minutes of recording and 30 
minutes prior to apomorphine treatment. 

Records showed irregularly shaped 
waves, corresponding to the movements of 
the patient, and isoelectric periods in the 
absence of movements. Records were 
divided in fractions of eight minutes each. 


For each fraction, the total time the poly- 
graph tracing was deflected from the iso- 
electric line was calculated. This corre- 
sponded to the percentage of time spent 
executing AIM, independently of their 
amplitude and frequency. A mean value for 
each patient was caleulated from a one- 
hour baseline recording. Drug-induced 
changes in AIM were expressed as percent- 
age of the mean value before treatments. 

Drugs or drug combinations were given 
to the patients in a double-blind Latin 
square design. Apomorphine hydrochlo- 
ride, freshly dissolved in 1 ml of twice 
distilled H,0, was administered intramus- 
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cularly at increasing doses from 1 mg to 
the maximal nonemetic dose for each 
patient. Haloperidol and sulpiride were 
injected intramuscularly at the doses of 2 
and 100 mg, respectively. Placebo treat- 
ment consisted of 1 ml of saline adminis- 
tered intramuscularly. 

Statistical analysis of the results with 
the two-tailed paired t test was evaluated 
in all patients with the same treatment. 

Statistical significance was calculated at 
the point of maximum effect of apomor- 
phine (24 to 32 minutes after apomorphine 
administration). 


RESULTS 


In agreement with the results of 
Tolosa and Sparber,’ we observed that 
apomorphine markedly reduced the 
AIM in all four patients studied. The 
improvement included both amplitude 
and frequency of the choreic move- 
ments and was dose-related (Fig 1). 
That is, while saline treatment pro- 
duced no significant variations in the 
AIM, apomorphine, at the doses of 1 
and 2 mg, reduced AIM by 40% to 55%. 
With doses of 3 and 4 mg intramuscu- 
larly, it reduced AIM by 75% to 85%. 
Patient 2 improved by 85% with a dose 
of 2 mg. 

The beneficial effect of apomor- 
phine appeared within a few minutes, 
but it lasted only about 60 minutes, 
with a peak effect from 24 to 40 
minutes after administration. Even 
after the highest doses of apomor- 
phine worsening of the choreic symp- 
tomatology was not observed. Pa- 
tients sometimes complained of nau- 
sea and often yawned repeatedly. 
Surprisingly, none of the patients 
treated with apomorphine seemed 
otherwise sedated or sleepy, an effect 
that is frequently observed in healthy 
subjects." 

In contrast to the results obtained 
with the patients that were not 
premedicated, when apomorphine was 
administered to the subjects who had 
been pretreated with haloperidol (2 
mg) or sulpiride (100 mg), the anti- 
choreic effect of apomorphine was 
prevented (Fig 2 & 3). As Fig 2 shows, 
haloperidol partially antagonized the 
effect of the highest dose of apomor- 
phine in every patient. 

At the point of maximum effect, 
values for apomorphine were signifi- 
cantly different (P < .01) from values 
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Fig 2.—Effect of haloperidol administration on improvement by apomorphine treatment 
on abnormal involuntary movements (AIM) in Huntington's chorea. Each value 
represents average of results obtained in four patients + SE. (Asterisk indicates highest 
nonemetic dose for each patient.) Following probabilities should be noted: haloperidol 
administration in respect to saline was not significant, haloperidol and apomorphine 
treatment in respect to saline was not significant, haloperidol and apomorphine doses in 
respect to haloperidol was P — .05, and haloperidol and apomorphine administration in 
respect to apomorphine was P < .05. 


Fig 3.—Effect of sulpiride administration on improvement by apomorphine treatment on 
abnormal involuntary movements (AIM) in Huntington's chorea. Each value represents. 
average of results obtained in four patients +SE. (Asterisk indicates highest nonemetic 
dose for each patient.) Following probabilities should be noted: sulpiride administration 
in respect to saline was not significant, sulpiride and apomorphine treatment in respect 
to saline was not significant, sulpiride and apomorphine administration in respect to 
sulpiride was not significant, and sulpiride and apomorphine administration in respect to 

apomorphine was P < .05. 
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for placebo or from values for haloper- 
idol or sulpiride treatments. On the 
other hand, sulpiride, at the dose stud- 
ied, proved to be more potent than 
haloperidol in preventing the thera- 
peutic effect of apomorphine; in fact, 
there was no statistically significant 
difference between sulpiride therapy 
alone and the combination of sulpiride 
plus apomorphine treatments, where- 
as the difference between haloperidol 
administration and the combination 
of haloperidol with apomorphine 
treatments was statistically signifi- 
cant (P < .05). 

Patients treated with the combina- 
tion of neuroleptics and apomorphine 
did not complain of nausea or other 
unpleasant side effects. 


COMMENT 


The present study confirms that 
apomorphine has therapeutic efficacy 
in HC, and shows that this effect is 
prevented by haloperidol and sulpiride 
administration, two specific antago- 
nists of DA receptors. These results 
indicate that the apomporphine effect 
is mediated by stimulation of DA 
receptors. It is unlikely that they are 
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the postsynaptic DA receptors in the 
striatum, since their stimulation 
would be expected to worsen AIM in 
HC. On the other hand, they should be 
considered quite distinct from the DA 
inhibitory postsynaptic receptors, pos- 
tulated by Cools et al’? in the caudate 
nucleus and in the limbic system, 
which are not activated by apomor- 
phine and are not blocked by neurolep- 
tics. 

These receptors may be identified 
with the so-called presynaptic DA 
receptors (autoreceptors)? whose stim- 
ulation results in inhibition of the 
activity of dopaminergic neurons.'^ A 
better definition for these receptors 
might be that of self-inhibitory DA 
receptors, a term that does not neces- 
sarily imply their location on the 
membrane of the dopaminergic neu- 
ron itself. 

Recent evidence from animal stud- 
ies supports the idea that low doses of 
apomorphine preferentially stimulate 
self-inhibitory DA receptors and that 
this effect is prevented by sulpiride 
and haloperidol administration in 
doses insufficient to cause catalepsy 
and sedation." 
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phine dramatically ameliorates AIM 
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Binding of Iodine 125 a-Bungarotoxin 
to the Thymus of Mice 


Fumi Ohshima, MD; Kiyotaro Kondo, MD; Tadao Tsubaki, MD 


è a-Bungarotoxin is known to bind with 
nicotinic acetylcholine receptors of skel- 
etal muscle. Binding of iodine 125-labeled 
a-bungarotoxin to the murine thymus, 
muscle, and liver was estimated. The 
toxin was bound to the muscle. The 
thymus was also capable of binding a 
considerable amount of the toxin, and the 
binding was obviously blocked by tubocu- 
rarine chloride. Binding to the liver, an 
organ containing no nicotinic acetylcho- 
line receptor, was very slight. These 
results may indicate the presence of nico- 
tinic acetylcholine receptors in the thy- 
mus, which could have implications in the 
pathogenesis of myasthenia gravis. De- 
generating myoid cells and their recep- 
tors may represent autoantigens that 
induce an immunological cross-reaction 
with the receptors of skeletal muscles, 
giving rise to myasthenia gravis. 

(Arch Neurol 35:31-32, 1978) 


mplication of the thymus in myas- 
thenia gravis (MG) has been a 
theme of intensive inquiry. Recent 
investigations have suggested that 
underlying abnormalities in MG are 
related to the reduction of nicotinic 
acetylcholine receptor (nAChR) at 
neuromuscular junctions of the skel- 
etal muscles, resulting from an au- 
toimmune attack directed against the 
receptors.’ 

The present study is a preliminary 
attempt to evaluate whether the 
thymus has acetylcholine receptors as 
skeletal muscle fibers do and how they 
might be related to the causation of 
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MG. The study disclosed that a-bunga- 
rotoxin (a-BGT) was bound to thymus, 
indieating that that organ may con- 
tain nAChR. 


MATERIALS AND METHODS 


a-Bungarotoxin has been shown to bind 
specifically with nAChR of skeletal mus- 
cles*; Iodine 125-monoiodo a-BGT was thus 
used to obtain evidence for the presence of 
nAChR in the murine thymus. An inhibitor 
of nAChR, tubocurarine chloride was 
tested for its ability to interfere with the 
binding capability of iodine 125 a-BGT to 
the thymus. 

Twenty-seven female mice of dd-strain 
were used. They were 10 to 30 days old and 
weighed 4 to 20 gm. The thymuses, livers, 
and muscles of the hind limbs were excised, 
taking care to prevent contamination with 
adjacent tissues. The liver was used as a 
control organ having no nAChR.’ 

Labelling of a-BGT was made by the 
chloramine T method of Seto et al, adding 
sodium iodine 125 diluted ten times with 
cold sodium iodine to a-BGT. 







Organs and Experiments 
Thymus 









Binding of lodine 125 a-Bungarotoxin to the Thymus, Muscle, and Liver of Mice 
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Wet Weight 


Each excised tissue was homogenized in 
an ice cold solution of 0.32M sucrose and a 1 
mM edetic acid solution, with a pH of 7.4, 
weighing ten times the tissue. A glass 
homogenizer with Teflon pestle was used 
for the thymus and the liver, whereas a 
blender was used for muscle. The homoge- 
nates were centrifuged at 4 C, 27,000 g, for 
25 minutes. The pellets were washed once 
with phosphate buffered saline (PBS). 
After each pellet was suspended in 1 ml of 
PBS as it became 10 w/v%, iodine 125 a- 
BGT was allowed to bind with each tissue 
homogenate during an incubation at 25 C 
for 60 minutes. The pellets were then 
centrifuged again at 4 C, 27,000 g, for 25 
minutes, and washed three to five times in 
PBS before their radioactivity was counted 
in a gamma-ray counter. The counting 
efficiency was estimated as about 30%. The 
iodine 125 a-BGT binding was measured as 
counts per minute per 0.1 gm wet weight of 
each organ and expressed in two kinds of 
units as given in the Table. The protein 
content in each organ was estimated by 
Lowry's method. 

In determining binding capability of 


Binding 


femto 
pmole /gm mole /mg 
Wet Weight Protein 














Mean of total binding (a)* 6,755 
Nonspecific binding (b)t 2,377 Cr Di 
Specific binding (a — b) 4,378 0.030 1.83 
Inhibition by 760 uM tubocurarine 
chloride 2,242 
Muscle 
Total binding (a) 201,697 
Nonspecific binding (b)t 4,910 do Eon 
Specific binding (a — b) 196,787 1.358 27.32 


Liver 


Total binding 884 





*Incubated in 0.34 and 1.36 nM iodine 125 a-BGT. 
TPreincubated in 2.9 uM cold iodine 125 a-BGT. 
ilncubated in 0.68 nM iodine 125 a-BGT. 
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iodine 125 a-BGT, it is necessary to elimi- 
nate amounts of the toxin bound to the 
tissues in nonspecific ways. a-Bungaro- 
toxin is bound to nAChR specifically, but 
some portion of the former chemically 
alters during the course of the labelling 
and becomes capable of binding with other 
structures of the tissues than with nAChR. 
We called this portion nonspecific binding, 
and estimated it as the amount of iodine 
125 a-BGT bound to the tissue that had 
been preincubated at 25 C for 30 minutes, 
with an excessive amount of cold unla- 
belled toxin in order to saturate, theoreti- 
cally, all the specific binding sites. Specific 
binding was defined as the total binding 
less the nonspecific binding. Inhibition 
with tubocurarine chloride was estimated 
in the same way. 


RESULTS 


The Table summarizes the condi- 
tions of the experiments and a-BGT 
binding to each of the three organ 
homogenates. 

In the thymus, the specific binding, 
as estimated by the total binding less 
the nonspecific binding, was 0.03 
pmole/gm wet weight. Preincubation 
with tubocurarine chloride suppressed 
the binding of iodine 125 a-BGT to the 
value as low as the nonspecific bind- 
ing. In the muscle, the specific 
binding was obviously large, being 
136 pmole/gm wet weight. In the 
liver, the total binding was only 0.006 
pmole/gm wet weight, exceedingly 
low, even though no correction for 
nonspecific binding was made. 

These results show that the muscle 
is most capable of binding iodine 125 
a-BGT, but the thymus bound a 
substantial amount, whereas the liver 
did not. The presumed amount of 
nAChR of the murine thymus per wet 
weight was 2% or less than that of 
muscle but more than five times the 
amount in liver. 


COMMENT 


The present study showed that a- 
BGT binds with the murine thymus as 
well as the muscle. Since a-BGT 
binding sites, as measured by radioau- 
tography, were highly correlated with 
acetylcholine sensitivities, we as- 
sumed that amounts of the toxin 
bound was fairly parallel with those of 
the receptor protein. 

Although striated myoid cells are 
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hardly demonstrated in human thy- 
mus after seven months of gestation, 
they were found in thymomas as well 
as in non-neoplastic thymus of pa- 
tients with MG.” Skeletal muscle 
fibers and myoid cells in the thymus 
shared common antigenic determi- 
nants, and serum gamma-globulin in 
one third of the patients with MG was 
capable of reacting concurrently 
against skeletal muscles and the 
myoid cells." Aharonov et al? 
observed an immunological cross-reac- 
tion between the calf thymus and 
nAChR of Electrophorus electricus. 
Lindstrom et al'* have shown that rat 
thymic extract contained nAChR. Re- 
cently, Kao and Drachman” showed 
that nAChR-bearing cells in the rat 
thymus and myasthenic human thy- 
mus were thymic myoid cells that 
were similar to true skeletal muscles 
in several aspects. 

Our experiments showed that iodine 
125 a-BGT was bound to the murine 
thymus about 13 times per unit of 
tissue protein as much as the amount 
bound to the liver, which does not have 
nAChR. The binding was obviously 
blocked by tubocurarine chloride. In 
view of the quoted observations, our 
findings indicate that thymic myoid 
cells may contain nAChR or a similar 
structure, which may have some etio- 
logical implications in MG. Experi- 
mental autoimmune thymitis (EAT) is 
known to show some myasthenic 
phenomena. It seemed to us that 
thymic nAChR may have been a anti- 
genic determinant common to the 
nAChR of muscle in EAT. It is known 
that thymic myoid cells degenerate 
and disappear gradually during nor- 
mal development of children.'^ It is 
possible that degenerating or exces- 
sive numbers of myoid cells and their 
receptors may induce a similar au- 
toimmune aberration in susceptible 
individuals, which predisposes to the 
development of MG. Our concept 
agrees with that of Kao and Drach- 
man who stated that some alteration 
in either thymic myoid cells or the 
immunocompetent lymphocytes of the 
thymus may serve to break tolerance 
and thereby initiate an autoimmune 
response directed against nAChR and 
perhaps other components of the skel- 
etal muscle as well. 


Akiko Seto, PhD, Yasuyoshi Arimatsu PhD, 
and Takehiko Amano, MD, Department of 
Neurochemistry, Mitsubishi-Kasei Institute of 
Life Sciences, Tokyo, showed us the method of 
labelling and provided us with iodine 125- 
monoiodo a-bungarotoxin. 

This study was supported in part by a grant 
from the Intractable Diseases Division, Public 
Health Bureau, Japan Ministry of Health and 
Welfare. 


Nonproprietary Name and 
Trademarks of Drug 


Edetie acid—Nullapons, Sequestrene AA, 
Versene Acid. 
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Cervical Myelopathy Due to Ossification 
of the Posterior Longitudinal Ligament 


A Clinicopathologic Study 


Nobuyuki Murakami, MD; Tatsuo Muroga, MD; Itsuro Sobue, MD 


€ A clinicopathologic study was done 
of a Japanese patient with symptomatic 
ossification of the posterior longitudinal 
ligament in the cervical spine. Post- 
mortem specimen showed characteristic 
distribution of degenerations at C5-6 
segments similar to chronic cervical 
spondylosis or disk protrusion. The 
degenerative changes were confined to 
the ventral two thirds of the posterior and 
lateral columns. In addition to demyelina- 
tion, loss of axons, and neuronal cell 
death, thickening of venular wall and fine 
capillary neovascularization strongly sug- 
gested chronic circulatory insufficiency. 
Spinal immobilization produced by the 
ossified ligament may have contributed to 
the long clinical course, lasting for 30 
years. Review of literature showed that the 
myelopathy can be distinguished clini- 
cally and radiographically from that pro- 
duced by cervical spondylosis. 

(Arch Neurol 35:33-36, 1978) 


hronie cervical myelopathy pro- 
duced by extensive ossification 

of the posterior longitudinal ligament 
(OPLL) was first reported by Tsuki- 
moto' in Japan in 1960. He described a 
47-year-old man with progressive my- 
elopathy of seven years’ duration that 
was convincingly demonstrated at 
necropsy to have been caused by 
compression by a 3-mm thick ossified 
posterior longitudinal ligament of the 
cervical spine at C-3 and C-4. The cord 
showed severe degeneration in the 
lateral and posterior columns and 
anterior horn cells. Terayama et al? in 
1964 introduced the term “OPLL of 
the cervical spine,” differentiating it 
from ankylosing spondylitis, senile 
ankylosing hyperostosis of Forestier 
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and Rotes-Queral, and osteoarthritis 
of the spine. Subsequently, a large 
number of Japanese*'" and a few 
white patients'"' with OPLL have 
been reported, the majority by or- 
thopedie surgeons. Recently, Nakan- 
ishi et al^ analyzed eight cases of 
symptomatic OPLL without cervical 
spondylosis, 59 of OPLL with cervical 
spondylosis, and 52 of pure cervical 
spondylosis without OPLL. A signifi- 
cantly higher incidence of cord signs 
and a smaller sagittal diameter of the 
bony canal were found in the group of 
OPLL with cervical spondylosis. While 
it appears that OPLL of the cervical 
spine has been established as a clinical 
entity, autopsy reports have been 
scanty'^* and the clinicopathological 
aspects of this disease are not yet 
fully developed. 


Fig 1.—Left, Lateral tomogram, showing 
dense ossification of posterior longitudinal 
ligament of cervical spine. Right, Drawing 
of cervical tomogram. Ossification of 
posterior longitudinal ligament is shown 
from C-2 to T-1, most marked at C5-6. 
Narrowing of C5-6 is visible. 





We report here an unusual case of 
OPLL, with a clinical course of over 30 
years, and its neuropathologie find- 
ings. 


REPORT OF A CASE 


In February 1976, a 75-year-old man was 
admitted to the National Higashi-Nagoya 
Hospital, Nagoya, Japan, complaining 
chiefly of disturbance in gait for the last 30 
years. Review of his history did not disclose 
any major medical or neurologic disorders, 
only a minor neck injury from bicycling 
years ago. As early as 1942, at the age of 43, 
he had been seen at another hospital 
because of paresthesias and weakness in 
both hands. These complaints increased 
over the next few years to involve both his 
lower extremities. He then became dis- 
abled and stopped working as an uphol- 
sterer in 1959. After a brief period of 
incapacitating lower back pain in 1966, he 
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Fig 2.—Anterior aspect of spinal cord after 
dura was opened. Cord is flattened antero- 
posteriorly (arrow). 


developed progressive quadriplegia over 
the next ten years. 

He was a small, malnourished man with 
difficulty in rising unaided. Cranial nerve 
function was intact except for bilateral 
Horner’s syndrome. The motion of the neck 
was limited, particularly in rotation and 
extension. Lhermitte’s electric sign was 
readily elicited. Diffuse atrophy of the 
muscles of the hands, arms, and shoulders 
was evident bilaterally, and opposition of 
the thumb was incomplete. Strength was 
moderately decreased in both upper ex- 
tremities. Marked spasticity in the lower 
extremities caused him to assume a tip-toe 
position when standing. He could not walk. 
The muscle stretch reflexes were hyperac- 
tive, especially in the lower extremities. A 








Fig 3.—Top left, Section of cord at C-3 level, showing degenera- 
tion in ventral part of posterior columns (gracile more than 
cuneate). Top right, Section of cord at C-4 level, showing 
ascending degeneration in posterior and lateral columns. Center 
left, Section of cord at C-6 level, showing prominent destruction 
on right more than on left. This segment is flattened anteropos- 
teriorly. Center right, Section of cord at T-2 level, showing 
descending degeneration in crossed and uncrossed pyramidal 
tracts. Bottom left, Section of cord at L-4 level, showing 
descending degeneration in pyramidal tracts (Klüver-Barrera). 
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Babinski's sign was elicited on the left, and 
ankle clonus was present on both sides. 
There was definite sensory impairment 
below the C5-6 dermatome. Vibration 
sense was diminished, and position sense 
lost in the toes. Disassociated sensory 
impairment was not detected. Urinary 
retention and constipation were also pres- 
ent. The skin of the legs was thin, dry, and 
cold. 

Results of laboratory studies, including 
urinalysis, CBC, VDRL, liver function 
tests, and chest roentgenograms, were all 
within normal limits or negative. Roent- 
genograms of the cervical spine showed 
moderate anterior spurs at C-4, C-5, C-6, 
and T1, with bridging across the vertebral 
bodies. The height of the body of C-5 was 
diminished, but not the interspaces. How- 
ever, posterior spurs were not obvious and 
the intervertebral foramina were not 
narrowed on either side. In lateral tomo- 
grams at 0.25-cm thickness, there was a 
dense ossified structure along the posterior 
margin of the vertebral bodies extending 
from C-2 to C-7. This ossified structure 
produced severe narrowing of the spinal 
canal that measured less than 7 mm in the 
anteroposterior diameter (Fig 1). Roent- 
genograms of the thoracic and lumbar 
spine showed mild to moderate anterior 
spurs and bridging at almost every 
segment, but there was no ossification of 
the PLL or other abnormality. 

Lumbar puncture yielded clear colorless 
CSF under initial pressure of 150 mm H,O. 
The Queckenstedt test was positive. The 
CSF protein concentration was 36 mg/100 
ml, and the blood cell count was 11/cu mm. 
Wassermann’s reaction of CSF was nega- 
tive. Electromyographic study showed de- 
nervation potentials in biceps, extensor 
carpiradialis, first dorsal interossei, and 
thenar muscles. Two months after admis- 
sion, he developed progressing signs of 
obstructive jaundice. Occult malignancy 
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was suspected. He died three months after 
admission. 


Postmortem Examination 


A carcinoma was found in the region of 
the head of the pancreas. No massive, local, 
or distant metastasis or venous thrombosis 
was present. The brain weighed 1,900 gm. 
There was a mildly bulging, yellowish 
nucleus pulposus between C5 and C6 
behind a thiekened posterior longitudinal 
ligament. The narrowing of the spinal 
canal was confined to the C6-7 levels. The 
dura mater was not adherent to the verte- 
brae. The overlying spinal cord at the level 
of C5-6 was compromised in its anteropos- 
terior diameter and was pale (Fig 2). This 
compression and pallor affected both the 
central and lateral portions of the cord, the 
right side being more seriously involved. 
At the fifth and sixth cervical segments, 
the cord was severely flattened anteropos- 
teriorly; it measured only 2 mm in thick- 
ness at the C-6 level. 


Histological Findings 


The leptomeninges and denticulate liga- 
ments were slightly thickened. On cross 
section, the upper cervical segments 
showed ascending degeneration in the 
posterior columns throughout the central 
two thirds of the fasciculus gracilis and 
medial portion of fasciculus cuneatus 
including the fasciculus interfascicularis. 
This change extended from C-6 to C-3 
longitudinally (Fig 3). Similar ascending 
degeneration was also present in the 
lateral columns in the distribution of the 
spinocerebellar and spinothalamic tracts. 
Swelling of myelin and axons, demyelina- 
tion, and loss of axis cylinders of various 
severity were noted in these areas. Such 
findings were also present in the lateral 
corticospinal tract in the lateral columns, 
where a decreased number of myelinated 
fibers and increased gliosis were evident. 





Segment Cs 


Segment Ca 


Segment Cs 


Segment Ce 





Segment Tz 


Segment La 


Fig 5.—Diagram of cord lesions. 


In the lower cervical segments, the cord 
was remarkably compressed; the damage 
was too great to distinguish gray from 
white matter. The C-6 segment was most 
markedly flattened anteroposteriorly (Fig 
3, center left) Extensive destructive 
changes of myelinated fibers were noted in 
these segments. The anterior horns showed 
marked neuronal loss on either side at the 
fifth and sixth cervical segments. Many of 
the remaining neurons showed central 
chromotolysis and vacuolation of the cyto- 
plasm (Fig 4, left). Proliferation of astro- 
cytes and gliosis occurred in the zones of 
demyelination and nerve cell loss. How- 
ever, considering the extensive changes in 
the white matter, involvement of the ante- 
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- rior horns was relatively mild. The prolifer- 


ation of connective tissue and capillaries 
was seen in the posterior columns, where 
the fibers were seriously demyelinated. 

The blood vessels in the affected terri- 
tory were thick-walled due to fibrosis of 
the adventitia. There was prominent 
proliferation of the capillaries (Fig 4, 
right). However, infarction and thrombosis 
of vessels, including the anterior spinal 
artery and its branches, were rot recog- 
nized in any segment examined. The 
intima of the anterior spinal artery was 
thiekened only mildly, whereas there was 
severe thickening of the wall of the veins 
within damaged white and gray matter. 
The blood vessels in the demyelinated 
regions had thickened collagenous outer 
walls. It is interesting to note that, despite 
the mechanical pressure by bulged ossifica- 
tion of the posterior longitudinal ligament 
against the ventral portion of the cord, 
severe degeneration developed on the 
dorsal and lateral sides (Fig 5). 


COMMENT 


_ Calcification in the anterior longi- 
tudinal ligament is commonly seen in 
ankylosing spondylitis and spondy- 
losis deformans, but OPLL is only 
rarely seen on ordinary roentgeno- 
graphic examination and is usually 
regarded as a benign finding.'*'? 
OPLL may.be symptomatic if the 
anteroposterior diameter of the spinal 
canal is reduced below 12 mm.*1017 
Furthermore, the radiculomyelopathy 
thus caused by OPLL may or may not 
be associated with cervical spondylo- 
sis, a much more common entity. 
Review of the literature?" so far 
shows that at least 23 symptomatic 
cases have been reported with pure 
OPLL, the majority of which were 
associated with cervical spondylosis, 
although OPLL appeared to play a 
principal role in the genesis of the 
myelopathy. To summarize, symptom- 
atic OPLL has the following charac- 
teristics: (1) Males are affected far 
more frequently than females. (2) 
Onset of symptoms is in the fifth to 
seventh decades. (3) Ossification is 
most common at C-5, C-6, and C-4 
vertebrae in decreasing frequencies. 
(4) The anteroposterior diameter of 
the cervical canal is significantly 
narrower in OPLL than in symptom- 
atic cervical spondylosis without 
OPLL. (5) Myelopathy with long tract 
signs appears much earlier and more 
frequently in this disorder than in 
pure cervical spondylosis. (6) There is 
no evidence of rheumatoid arthritis or 
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systemic inflammatory disease. The 
cause of OPLL is not clear, but 
because of similar location of OPLL 
and cervical spondylosis, it is conceiv- 
able that the former is probably also 
trauma related. 

The present case appears to fit the 
above generalizations except for its 
unusually long clinical course. The 
pathologic process involved in symp- 
tomatic OPLL clearly differs from an 
acute traumatic or destructive lesion 
of the cord seen in cervical disk 
herniation, invasive tumors, or tran- 
section. The unusual feature of this 
case was the fact that the degenera- 
tive change in the cord took place in 
the dorsolateral area, away from the 
bulging ossified plaque. As shown in 
Fig 3 and 5, the change was most 
marked in the ventral two thirds of 
the posterior and lateral columns. The 
anterior and posterior horns were less 
severely involved. This distribution of 
degeneration appears to be caused by 
ischemia in the area of terminal 
supply of the anterior spinal artery or 
by venous stasis in the boundary areas 
of anterior and posterior spinal artery 
tributaries. The latter is evidenced by 
severe thickening of the venous walls. 
Together with fine capillary prolifer- 
ation, these histologic changes in 
blood vessels suggest chronic circula- 
tory disturbances secondary to me- 
chanical pressure by OPLL. It has 
been pointed out that vascular insuffi- 
ciency may be the result of lateral 
tension on the denticulate ligament in 
cases of disk protrusion.* However, 
our specimen indicated that OPLL 
exerted direct pressure on the cord 
and anterior spinal artery, causing 
chronic circulatory insufficiency. This 
is consistent with earlier reports on 
the pathogenesis of  myelopathy 
caused by cervical spondylosis'*?^ and 
experimental myelopathy.” 

The case under study showed symp- 
tomatic OPLL with mild cervical 
spondylosis. It is interesting that 
OPLL not only produced narrowing of 
the spinal canal and compression of 
the cord, but also provided stability of 
the cervical spine. This may have 
acted as a protective mechanism as in 
spinal fusion and thus resulted in 
slowing the progress of the myelopa- 
thy. In this case, it took over 20 years 
for the quadriplegia to develop. The 
patient lived another ten years before 
dying of carcinoma. 
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The Clinical Significance of Spontaneous 


Pulsations of the Retinal Vein 


Barry E. Levin, MD 


€ A search for spontaneous retinal 
venous pulsations was carried out in 218 
subjects. Spontaneous venous pulsations 
were present in 87.6% of 146 unselected 
subjects 20 to 90 years of age and absent 
in 100% of 33 patients with raised intra- 
cranial pressure without papilledema and 
ten patients with papilledema. Lumbar 
puncture in nine patients with raised intra- 
cranial pressure established the upper 
level at which spontaneous pulsations 
disappear as 190 mm H.O, and no pres- 
sure above 180 mm H.O was found in 29 
patients with venous pulsations present 
prior to lumbar puncture. There was no 
correlation between the presence or 
absence of venous pulsations and blood 
pressure. Some normal subjects with 
absent pulsations showed definite pulsa- 
tions on subsequent examinations. These 
findings confirm that the presence of 
spontaneous venous pulsations is a reli- 
able indicator of an intracranial pressure 
below 180 to 190 mm H.O, while the 
absence of pulsations may be found with 
normal intracranial pressure and is there- 
fore not a reliable guide to raised intra- 
cranial pressure. 

(Arch Neurol 35:37-40, 1978) 
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pontaneous pulsations of the ret- 
inal veins can be observed at the 
bedside by ophthalmoscopie examina- 
tion in 15% to 90% of the population" 
and are abolished in the setting of 
raised intracranial pressure.** Despite 
the clinieal usefulness of this sign, no 
reports have appeared in the neuro- 
logical literature correlating the pres- 
ence or absence of spontaneous venous 
pulsations with intracranial pressure. 
Pulsations are generally limited to 
one or two veins that show a slow 
narrowing and more rapid dilation of 
the segment overlying the optic disk.'? 
The present study reexamines the 
incidence of spontaneous venous pul- 
sations in the adult population, the 
conditions under which they appear 
and disappear, and their value as an 
indieator of raised intracranial pres- 
sure. 


MATERIALS AND METHODS 


Ophthalmoscopic examination was car- 
ried out using a direct ophthalmoscope, 
with the subject in the sitting position in a 
dimly lit room. Estimation of the ampli- 
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tude of pulsations was made on a scale of 0 
to 4+ for each eye. All subjects were 
questioned briefly as to previous and 
current illness, with special emphasis on 
eye and intracranial disease. No subjects 
with known glaucoma or poorly seen fundi 
were included. Blood pressures were taken 
in the sitting position from the right 
arm. 


Group 1: Incidence of 
Spontaneous Venous Pulsations 
in Unselected Subjects 


One hundred forty-six subjects, 76 men 
and 70 women, between the ages of 20 and 
90 years were examined. Fifty-five were 
hospital in-patients; 16 were relatives of 
these patients, and 75 were hospital 
employees. Follow-up examination was 
carried out at intervals up to one year in 
seven subjects who lacked spontaneous 
venous pulsations on initial examination. 


Group 2: Raised Intracranial 
Pressure With Lumbar Puncture 


Nine patients with raised intracranial 
pressure (eight pseudotumor cerebri, one 
carcinomatous meningitis) were examined 
before and after lumbar puncture. Four 
pseudotumor patients (group 2a) had 
lumbar punctures in the lateral recumbent 
position. Opening pressure was measured 
in mm H,O and then successive increments 
of CSF were removed to lower spinal fluid 
pressure by 10 to 15 mm H,O. The patient 
was brought to the sitting position by 
mechanically elevating the head of the bed 
between each lowering of pressure and 
observations made for the appearance of 
venous pulsations. Five patients requiring 
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frequent lumbar punctures (group 2b) were 
observed for spontaneous pulsations before 
and after each tap. 


Group 3: Raised Intracranial 
Pressure Without Papilledema 


Twenty-four patients with clinical evi- 
dence of raised intracranial pressure 
secondary to mass lesions, demonstrated 
by clinical signs and radiographic pro- 
cedures, were observed. None had papille- 
dema, and all showed some sign of early 
transtentorial herniation (depressed level 
of consciousness, abnormal breathing pat- 
terns, or others). 


Group 4: Papilledema 


Ten patients with papilledema of various 
origins (raised intracranial pressure 
[n = 8] and cavernous sinus thrombosis 
[n = 2]) were examined. 


Group 5: Lumbar Puncture With 
Spontaneous Venous Pulsations 
Present 


A further group of 29 patients requiring 
lumbar puncture but having spontaneous 
venous pulsations prior to the lumbar punc- 
ture were monitored carefully for opening 
pressure in the lateral recumbent posi- 
tion. 


RESULTS 
Group 1 


Spontaneous venous pulsations oc- 
curred in one or both eyes in 37.6% of 
subjects and in 67% of the right eyes 
and 75% of the left eyes (Table 1). 
Bilateral absence of venous pulsations 
was more commonly observed in men 
in almost every decade, particularly in 
the fifth and sixth decades. Sponta- 
neous pulsations occurred in 92.9% of 
women and 83% of men. No signifi- 
cant difference was present in the 
subgroups (patients, relatives, and 
employees). 

Analysis of variance did not show 
significant correlation between sys- 
tolic or diastolic blood pressure or pulse 
pressure and the occurrence of sponta- 
neous venous pulsations. Nor was 
there any correlation between ampli- 
tude of pulsations and these parame- 
ters. There was a relatively random 
distribution of medical illnesses asso- 
ciated with the absence of sponta- 
neous pulsations. Hypertension had 
the highest association, with absence 
of venous pulsations, yet there was no 
overall statistical correlation of the 
two. Two subjects without pulsations 
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Mean Blood 
Pressure, 
mm Hgt 





20-29 M 15 122/80 
F 24 122/78 
30-39 M 9 120/77 
F 17 122/77 
40-49 M 16 132/85 
F 11 150/90 








3 110/70 
1 130/70 






Table 1.—Incidence of Absent Spontaneous Venous Pulsations in an 
Unselected Population (Group 1)* 


Right Left 
Eye 





e 
nm 
nm 
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e 
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3 0 0 0 

1 1 1 11.1 
2 2 2 11.8 
8 4 4 25.0 
2 2 2 












Absent Spontaneous 
Venous Pulsations 
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Bilaterally, % 










Eye Bilateral 


















*Patients were examined in the sitting position for spontaneous venous pulsations and blood 
pressure was taken from the right arm. 

TMean blood pressure represents the mean of the summed individual readings (systolic and 
diastolic) from each patient within the various age groups. 


were extremely myopie, with visual 
acuties of 20/200 bilaterally. Observa- 
tions of seven of the 18 subjects with 
absent spontaneous pulsations showed 
that pulsations did occur on subse- 
quent examinations within one year 
in three of seven patients. 


Group 2 


Group 2a patients (Table 2) variably 
had spontaneous venous pulsations 
when spinal fluid pressure was drop- 
ped below 190 mm H,O. Two of the 
four patients had no venous pulsations 
at pressures down to 105 and 100 mm 
H,O. There was no apparent correla- 
tion between the appearance of 
venous pulsations, duration of symp- 
toms, or blood pressure. Group 2b 
(Table 3) is best represented by 
patient 5 who was observed for 2% 
years. His case illustrates the useful- 
ness of venous pulsations in judging 
intracranial pressure elevations. 


This 32-year-old man was seen because 
of headaches and blurred vision for three 
months. He was normotensive, mildly 
obese, and had a normal examination save 
for mild bilateral papilledema with absence 
of spontaneous venous pulsations, symmet- 
rically constricted visual fields, and en- 
larged blind spots, with visual acuity of 20/ 
50 bilaterally. The EEG, brain scan, bilat- 
eral carotid arteriograms, and pneumoen- 
cephalogram were all normal. Initial lum- 


bar puncture was normal except for an 
opening pressure of 270 mm H,O. When 
repeated spinal taps failed to relieve his 
symptoms or bring the CSF pressure 
permanently below 220 mm H,O, he was 
treated with prednisone 60 mg/100 ml, 
with resolution of signs and symptoms. 
Lumbar punctures during the ensuing 
eight months had opening pressures of 175 
and 160 mm H,O and venous pulsations 
were present prior to both. Symptoms then 
recurred, pulsations disappeared, and lum- 
bar puncture showed an opening pressure 
of 210 mm H,O (Table 3). Pulsations were 
never observed at pressures at or above 190 
mm H.O and were consistently present 
below 185 mm H,O. A lumboperitoneal 
shunt was performed because of persistent 
signs, symptoms, and pressures up to 310 
mm H,O. This gave symptomatic relief and 
persistence of venous pulsations for the 
next 12 months. The shunt was removed, 
finally, because of nerve root irritation. 
Nausea, vomiting, and severe headache 
occurred with mild papilledema and loss of 
venous pulsations and the opening pres- 
sure was 270 mm H,O. A ventriculoperi- 
toneal shunt was performed with resolu- 
tion of signs and symptoms and return of 
pulsations that have persisted for four 
months. 


This ease and two of the others of 
group 2b showed loss of spontaneous 
venous pulsations, with pressures 
greater than 190 mm H,O and reap- 
pearance below this level. Patient 7 
had severe papilledema and showed no 
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Table 2.—Group 2a: Graded Decreases in Cerebrospinal Fluid Pressure 
in Patients Without Spontaneous Pulsations* 


Severity 
Patient/Sex/ of 
Age, yr Papilledemaj 


Opening 
Pressure, 
mm H,0 


Spontaneous venous 
Pulsations, mm H,0 


Pressure at 
Appearance of 


Closing Pressure 
(No Spontaneous 
Venous Pulsations), 
mm H.0 


1/F/21 2+ 260 190 


2/F/18 1+ 2 110 


40 
3/F/34 1+ 240 
4/M/32 1+ 215 


105 





190 


*The patient was examined for spontaneous venous pulsations in the sitting position. Lumbar 
puncture was performed in the lateral recumbent position and the opening pressure measured. Ten 
milliliters of spinal fluid was removed; the patient was brought to the sitting position and examined for 
venous pulsations. This sequence was repeated until spontaneous venous pulsations appeared or a 


pressure below 115 mm H,0 was reached. 


tPapilledema was graded on a scale of 0 to 4+. 


Table 3.—Group 2b: Frequent Lumbar Puncture With Raised Intracranial 
Pressure* 


Spontaneous Venous 
Pulsations Absent, 
mm H.0 


310-190 


Patient/Sex/ 
Age, yr 
5/M/327 


6/F/23 280 
7/F/14 500 

140 
8/M/281 


140 
9/F/18 195 


Severity of 
Papilledema 


Spontaneous Venous 
Pulsations Present, 
mm H.0 


185-110 
110 
185 

None 


Severity of 
Papilledema 


Optic atrophy "a eh 
0 150 0 





*Patients were examined for the presence of spontaneous venous pulsations and then underwent 
lumbar puncture in the lateral recumbent position at various times. The first set of observations give 
the range of opening pressures that were associated with absent venous pulsations and papilledema, 
graded on a scale of 0 - 4 +. The second set of observations give the opening pressures at which 
venous pulsations were paired with the grade of papilledema in these same patients on separate 
examinations done at periods of two days to two years from the first examination. 


+Ten lumbar punctures were performed. 


iCarcinomatous meningitis; all other patients had pseudotumor cerebri. 


venous pulsations on two month's 
observation, and patient 8 continued 
to have pulsations until optic atrophy 
developed, after which both patients 
were never again seen. 


Group 3 


None of the patients in this group 
was ever observed to have sponta- 
neous venous pulsations. Twenty-four 
patients had clinical signs of intra- 
cranial pressure and no papilledema. 


Group 4 


No patient in this group showed 
spontaneous venous pulsations. Ten 
patients had papilledema. 


Group 5 


No patient in this group of 29 had a 
spinal fluid pressure above 180 mm 
H.O. 
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COMMENT 


Duke-Elder" first demonstrated 
that retinal venous pressure slightly 
exceeds intraocular pressure and that 
there was a close relationship between 
the two. The fact that retinal veins 
pulsate has been explained in the 
following ways: (1) The primary cause 
appears to be the increased intraoc- 
ular blood volume that occurs during 
systole, causing a transient increase 
of 0.5 to 2.0 mm Hg in intraocular 
pressure, with a subsequent collapse 
in the retinal veins.'^'? (2) There is 
normally a pressure drop as blood 
flows proximally into the central 
retinal vein, the pressure being lowest 
at the center of the disk. A Venturi 
effect is thus created as blood flows 
from the larger volume of the multiple 
peripheral retinal veins to the smaller 
volume of the central retinal vein. 


This drop in overall vessel caliber is 
associated with a higher flow rate and 
subsequent pressure drop in the 
central retinal vein which, by itself, 
can cause spontaneous pulsations in 
certain experimental systems." (3) 
The retinal veins lie relatively unsup- 
ported in the loose connective tissue 
bed of the disk as compared to the 
firmer support of the retina. This may 
explain why pulsations are seen 
almost exclusively over the disk.'^ 

Pulsations can be elicited or accen- 
tuated by conditions that increase 
intraocular tension such as glaucoma"? 
or application of slight external pres- 
sure to the globe. The latter technique 
was not used in this study, however, 
since it is extremely difficult to quan- 
titate and can even produce venous 
pulsations in the face of raised intra- 
cranial pressure and papilledema.* ° 
The use of a sitting position for exam- 
ination would appear to increase the 
likelihood of eliciting venous pulsa- 
tions by lowering cephalie venous 
pressure, although other investigators 
have used the recumbent position” or 
have not specified the position used.’ 
Spontaneous pulsations can be abol- 
ished by factors that alter the balance 
between intraocular and retinal vein 
pressure. The Queckenstedt maneuver 
abolishes venous pulsations*’* and, in 
the nine patients of Walsh et al,’* the 
disappearance of pulsations with this 
maneuver correlated with intracranial 
pressures of 170 to 236 mm H,O.” 
Elevated central venous pressures in 
congestive heart failure or severe 
chronic obstructive lung disease fre- 
quently are associated with engorged, 
nonpulsatile retinal veins. This could 
be due primarily to increased intra- 
cranial pressure rather than obstruc- 
tion of retinal vein outflow since even 
unilateral jugular compression can 
obliterate venous pulsations.* 

The mechanism by which raised 
intracranial pressure causes loss of 
spontaneous venous pulsations fol- 
lowed by venous engorgement and 
later, papilledema, is controversial. 
Schwalbe” first described the intra- 
vaginal space as an extension of the 
subarachnoid space that follows the 
optic nerve to the globe. Based on 
pathological specimens, many observ- 
ers believe that venous engorgement 
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and loss of pulsations are caused by 
collapse of the central retinal vein as 
it crosses this space.'*'* Cushing and 
Bordley'* demonstrated this phenom- 
enon by raising intracranial pressure 
by infusion of subdural saline, thus 
obliterating pulsations and causing 
venous engorgement. This also occurs 
in experimental hydrocephalus in 
dogs where loss of pulsations and 
venous engorgement precedes swell- 
ing of the optic disk.* 

The present study shows the useful- 
ness of spontaneous venous pulsations 
as a clinieal sign of normal intra- 
cranial pressure. The incidence of 
spontaneous venous pulsatiors in the 
general, adult population of 87.6% is 
comparable to some studies*^' while 
quite different from others. No mea- 
sure of intraocular pressure was taken 
since this has little effect on the inci- 
dence of pulsations in an unselected 
population*'? although raised intraoc- 
ular pressure can accentuate them." 
There was no correlation here be- 
tween arterial blood pressure or pulse 
pressure and venous pulsations al- 
though no subject showed extreme 
levels of either. The reappearance of 
venous pulsations in three of seven 
unselected subjects on follow-up ob- 
servation suggests that there is a 
precarious balance in some individuals 
between the various factors respon- 
sible for spontaneous venous pulsa- 
tions. This fact, and the absence of 
pulsations in some subjects with 
normal intracranial pressure, means 
that their absence is not a reliable 
indieator of raised intracranial pres- 
sure unless pulsations have previously 
been observed in that individual. Even 
then, there will be some who lose 
venous pulsations without apparent 
increase in intracranial pressure. 
Many patients with mild to moderate 
pressure elevations can be expected to 
regain pulsations when pressures fall 
below 190 mm H,O and to lose them 
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when pressures rise above this level. 
Other exceptions to this may be the 
development of optic atrophy (patient 
8) and lingering papilledema (patient 
7). Patient 5, however, was noted to 
have venous pulsations in the presence 
of 2+ papilledema when intracranial 
pressure was lowered acutely from 310 
mm H,O to 110 mm H,O. Since papil- 
ledema may be slow to resolve, it is 
not surprising that venous pulsations 
may appear when papilledema per- 
sists but intracranial pressure normal- 
izes and probably accounts for the 
coexistence of the two in prior 
reports.**° 

This study confirms the findings of 
two other groups*'" concerning the 
usefulness of spontaneous venous pul- 
sations in predicting intracranial 
pressure. Walsh et al" artificially 
raised intracranial pressure with the 
Queckenstedt maneuver but found 
venous pulsations present with pres- 
sures as high as 236 mm H,O. This 
pressure is considerably higher than 
those in the present study and that of 
Kahn and Cherry.* The latter found no 
pressure above 195 mm H,O in more 
than 50 patients with spontaneous 
pulsations and no case of venous 
pulsations in 18 patients with intra- 
cranial pressures above 195 mm of 
H,O. The present study confirms this 
level of pressure using serial lumbar 
punctures and by actual lowering of 
intraeranial pressure by sequential 
removal of CSF. Toyama” has claimed 
that up to 15% of patients with raised 
intracranial pressure have sponta- 
neous venous pulsations but he did not 
document the pressures. It is certainly 
possible that a normal lumbar pres- 
sures does not necessarily reflect 
intracranial pressure where transten- 
torial and/or tonsillar herniation ex- 
ist, but these conditions are usually 
clinically apparent. Therefore, clinical 
correlation of the patient’s condition 
with the presence of venous pulsations 


makes it extremely unlikely that 
intracranial pressures above 190 to 
195 mm H,O are present. Since loss of 
spontaneous venous pulsations pre- 
cedes frank papilledema, their pres- 
ence is an important sign in patients 
suspected of having raised intracran- 
ial pressure. 
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Child Neurology 


è Young children's failure to report 
double-simultaneous stimulations of the 
side of the face and the contralateral hand 
has been attributed to cerebral deficien- 
cies. When tested under optimal psycho- 
logical conditions, 3- to 6-year-old chil- 
dern correctly report simultaneous stimu- 
lations of the face and contralateral hand. 
Performance on the face-hand test, which 
has been used as an index of cerebral 
functioning, is influenced in a significant 
way by the child’s ease in the testing 
situation and understanding of the task. 

(Arch Neurol 35:41-42, 1978) 


he method of double-simulta- 

neous stimulation of parts of the 
body has been used as an index of the 
integrity of cerebral functioning. In 
particular, failure on the face-hand 
test—the inability to perceive the 
simultaneous stimulation of the face 
and contralateral hand—has been re- 
lated to brain damage and to mental 
ages below 7 years in normal chil- 
dren. The face-hand test has at- 
tracted considerable attention be- 
cause of the consistent pattern of 
responses made by subjects who fail 
the test. The subjects report being 
touched on the face only, even after as 
many as ten simultaneous stimulation 
trials. The presumption of disordered 
perception raises the following three 
related questions: (1) Why does the 
subject report only one stimulus event 
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Psychological Factors 
in the Face-Hand Test 


when two tactile events were adminis- 
tered? (2) Why does the facial stim- 
ulus seem to mask perception of the 
stimulation of the hand? (8) Why do 
reports of single perceptions persist 
longer in children than in adults? 
Pollack and Fink? reviewed existing 
data and theories and concluded "that 
errors in face-hand perception are 
best explained in the matrix of a 
sensory threshold-mental set hypothe- 
sis." They suggested that "psychophy- 
sical relationships" interact with an 
"initial implicit expectancy ...for a 
single stimulus, and the face area, 
having a lower sensory threshold, is 
consequently more readily perceived." 
Adults abandon the set for a single 
stimulus easily after one or two incor- 
rect reports and thereafter respond 
correctly. By contrast, the young child 
continues to report only the facial 
event even though he responds cor- 
rectly to simultaneous stimulation of 
the two hands or both sides of the 
face. Pollack and Fink are not specific 


Elizabeth Nolan, Jerome Kagan, PhD : 


in their explanation of the child's 
failure to respond correctly on the 
face-hand test. Although they state 
that the child is "unable to alter a 
mental set induced by the test proce- 
dure,” they add, as do others, that 
the persistence of facial masking in 
young children and brain-damaged 
subjects implies that cerebral defi- 
ciencies are likely to be involved in the 
young child's failure to detect the 
more distal stimulation of the hand. 
Pollack and Fink do not examine 
explicitly the determinants of the 
child's errors on the face-hand test 
because they are primarily concerned 
with explaining the facial masking 
error made by adults on the initial 
trials of the test. Presumably, adults 
fail the initial trials because they 
enter the testing situation with a set 
for a single stimulus. But Pollack and 
Fink do not say that the child enters 
the testing situation with a set for a 
single stimulus; the child's set is 
induced by the testing situation. 


Distribution of Performances and Ages of the Day-Care (High Rapport and 
Preset Condition) Sample and the Preschool (Low Rapport and No Preset 
Condition) Sample 


Uncooperative 
During Test 


Study 1 = Day-Care 
No. (96)t 0 
Range, yr 
X 

Study 2 = Preschool 
No. (%) 3/10 (30) 
Range, yr 4.2-4.7 
X, yr 4.5 





Face-Hand Trials* 


Incorrect on 
Face-Hand Trials 


Correct on 


19/24 (79) 5/24 (21) 
3.8-5.9 4.1-5.2 
4.8 4.6 


1/10 (10) 6/10 (60) 
3.9-5.2 


5.2 4.7 


*Face-hand trials for day-care: right hand; left side of face; right side of face-left hand; and left side 
of face-right hand; for preschool: right side of face-left hand; and left side of face-right hand. 
+The six children who correctly reported face and hand stimulations on the first two pretest trials 


are not included in this distribution. 
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Cee 


We believe the persistence of facial 
masking in children has less to do with 
cerebral deficiencies and induced 
mental set than with the set the child 
brings to the task. We suggest quite 
simply that when subjects are told 
they are going to be touched, most 
children under 7 years of age do not 
expect to be touched simultaneously 
on two different parts of their body. 
Further, the interpersonal climate of 
the test-the child is asked by an 
unfamiliar person to close his eyes and 
is then touched by that person—does 
not promote a relaxed mood. 

We suspected that if children were 
initially given a mental set for being 
touched on two different parts of the 
body, they would report both sources 
of stimulation. Additionally, we be- 
lieved that the maintainance of rap- 
port between tester and child would 
reduce apprehension and enhance 
attention. Thus, we tested a group of 
children under conditions in which 
they were given a set for being 
touched in two different places, and a 
high level of rapport was maintained 
between tester and child. 


REPORT OF CASES 


Stupy 1.—Thirty children between the 
ages of 3.8 and 5.9 years were administered 
the face-hand test by their familiar day- 
care teacher. Each child was tested individ- 
ually in a quiet alcove of the day-care 
center. The teacher asked each child if he 
would like to play a game. A child was 
approached only when he was in a good 
mood and was given the test only if he 
willingly agreed to play the game. In the 
course of a single day, all of the children, 
save one, were given the face-hand test. 
The child was told to close his eyes, after 
which the teacher was going to touch him. 
After she touched him, he was to open his 
eyes and tell or show her where he was 
touched. 

The child closed his eyes and the tester 
then administered a single pretest trial, 
simultaneously touching the right face-left 
hand of the child. Six of the 30 (20%) 
children responded correctly on this trial as 
well as on a subsequent trial (left face- 
right hand). In contrast, Fink and Bender? 
reported only two of 110 (1.8%) 3- to 6-year- 
old children responded correctly on the 
first two face-hand trials administered and 
only on the second trial. We believe that 
the difference in the proportions of chil- 
dren giving correct responses without any 
preset reflects the child’s ease and lack of 
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anxiety in our testing situation. Fink and 
Bender commented that a number of their 
subjects insisted on keeping their eyes 
open and that some of the children 
reported displacements (claiming the test- 
er had touched his shoulder) and misloca- 
tions (claiming that he had been touched on 
the neck rather than the face and/or hand). 
Displacements or mislocations were infre- 
quent in our sample. All of the day-care 
children willingly participated, although 
one child matter-of-factly commented, 
"It's scarey when your eyes are shut 
because you don't know what you're gonna 
do." 

The remaining 24 day-care children 
(those who reported facial stimulations 
only on the pretest trials) were then given 
a mental set for being touched on two 
different parts of the body. While the child 
had his eyes open, the tester said: "I'm 
going to play a game with you. Sometimes 
I'm going to touch you only on the cheek 
(demonstration); sometimes I'm going to 
touch you only on the hand (demonstra- 
tion); and sometimes I'm going to try to 
fool you and I'm going to touch you in two 
places (demonstration by touch to contra- 
lateral face and hand)." The child was told 
that his task was to show or tell where he 
was touched. After these instructions, the 
child was told to close his eyes and was 
administered the following four trials: 
right hand; left side of face; right side of 
face-left hand; and left side of face-right 
hand. Nineteen of the 24 (79% children 
responded correctly on all four trials. Two 
other children could distinguish simulta- 
neous stimulations from single stimula- 
tions, although they reported the simul- 
taneous stimulations to be ipsilateral 
face-hand stimulations rather than contra- 
lateral face-hand stimulations. The re- 
maining three children erred in reporting 
single facial perceptions on the simulta- 
neous-stimulation trials. The distribution 
of performances and ages of the day-care 
sample of 30 children is presented in the 
Table. 

Srupv 2.—We were able to replicate the 
findings of Fink and Bender? with a sepa- 
rate sample of preschool children (N = 10) 
tested by an unfamiliar adult and not 
given a mental preset for "twoness." After 
arrangements were made with the pre- 
school teacher, the tester simply entered 
the preschool center and asked individual 
children to assist her with some work. If 
the child agreed, he and the tester went to 
another room in the preschool center. The 
tester said, "I'm going to touch you, and 
you tell me where I touch you. Ok, now 
close your eyes." The following trials 
(taken from the Fink and Bender proce- 
dure) were given: right side of face-left 


hand; left side of face-right hand; right 
side of face-right hand; left side of face- 
left hand; right side of face-left face; right 
hand-left hand; right side of face-left hand; 
left side of face-right hand; etc. 

Three children could not be tested 
because they would not close their eyes 
during the test trials. Six of the seven 
children tested reported only the facial 
stimulus on the first two trials and 
continued to err on the remaining face- 
hand trials even though they responded 
correctly to the face-face and hand-hand 
trials. These children made displacement 
and mislocation responses, did not wish to 
continue beyond seven or eight trials, and 
appeared uncomfortable in the testing 
situation (These preschoolers made com- 
ments that suggested that they were 
uncomfortable. For example, "It hurts 
when my eyes are closed," "My eyes are 
watering, I can't keep them closed," and 
"Can I go in another room where it is 
light?"). Only one child responded correctly 
on all of the face-hand trials. The distribu- 
tion of performances and ages of the pre- 
school sample is presented in the Table. 


COMMENT 


It is apparent that psychological 
factors contribute significantly to the 
children's performance on the face- 
hand task. When children are exposed 
initially to an appropriate set for the 
task and/or when they feel at ease in 
the testing situation, they can per- 
form correctly on the face-hand task. 
If performance on such a simple task 
reflects the contribution of these 
rather simple psychological factors, it 
is reasonable to question whether 
errors on more complex tasks, which 
are presumed to be the result of cere- 
bral deficit or immaturity, are also the 
result of the child's failure to under- 
stand the mind of the examiner. 


This investigation was supported by National 
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Acute Encephalopathy, 
Streptococcal Infection, 
and Cryoglobulinemia 


Andrew K. Hodson, MB, ChB, MRCP(UK), DCH; 
Robert A. Doughty, MD, PhD; Michael E. Norman, MD 


€ A 9-year-old girl had an acute en- 
cephalopathic illness characterized by 
disordered consciousness, seizures, and 
multiple cortical deficits. The acute 
illness was associated with serologic 
evidence of an antecedent streptococcal 


- infection and the presence of a mixed 


cryoglobulin with specific antistreptococ- 
cal antibody activity. 

Although the patient had no other 
evidence of a systemic or central nervous 
system vasculitis, computerized tomogra- 
phy demonstrated changes compatible 
with a vasculitic process. Treatment with 
corticosteroids was associated with reso- 
lution of the cryoglobulinemia and com- 
plete clinical recovery. 

(Arch Neurol 35:43-44, 1978) 


W: describe a patient with an 
acute diffuse encephalopathy 


following a serologically confirmed 
streptococcal infection, to emphasize 
two points: (1) the presence of a serum 
cryoglobulin during the acute phase of 
the illness, with antibody specificity 
to streptococcal antigens, and (2) the 
value of computerized tomography 
(CT) in the diagnosis of acute enceph- 
alopathie states. The possible patho- 
genetic role of cryoglobulins and 
circulating immune complexes is dis- 
cussed. 


REPORT OF A CASE 


The patient was a 9-year-old girl who 
was admitted for evaluation of the acute 
onset of multifocal, generalized seizures. 

She was well until three weeks prior to 
admission, when she developed abdominal 
pain with anorexia and vomiting that 
lasted approximately one week. At that 


time urinalysis disclosed pyuria, without 
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red blood cells, casts, protein, or bacteria. 
Blood pressure was normal and urine 
culture was sterile; however, the patient 
was given a two-week course of ampicillin. 
An intravenous pyelogram performed ten 
days prior to admission was normal. 

On the day of admission, the patient had 
a generalized major motor seizure that 
lasted for five minutes. Physical examina- 
tion disclosed a temperature of 37 C; pulse 
rate, 130 beats per minute; and blood pres- 
sure, 130/90 mm Hg. She was obtunded but 
had no evidence of meningeal irritation. 
There were no cranial bruits and the optic 
fundi were normal. She had a transient 
postictal left hemiparesis. The remainder 
of the physical examination gave normal 
findings. 

Over the next 12 hours, the patient had 
more focal seizures that started on either 
side of the body and then became general- 
ized. Each seizure lasted several minutes 
before being stopped with intravenous 
administration of diazepam. 

Initial laboratory values included the 
following: hemoglobin, 8.9 gm/100 ml; 
WBCs, 9,000/cu mm with 80% polymorpho- 
nuclear leukocytes, 17% lymphocytes, 3% 
monocytes; platelets, 274,000/cu mm; ESR, 
62 mm/hr (Wintrobe). Direct and indirect 
Coombs’ tests were negative; prothrombin 
time and partial thromboplastin time were 
normal. Sickle cell preparation was nega- 
tive. Urinalysis showed pH 6 and a trace of 
protein, but no glucose, acetone, or blood. 
Microscopy showed one to two WBCs per 
high-power field without RBCs or casts. 
Serum chemistry values, including sodium, 
potassium, chloride, CO, content, calcium, 
phosphorous, BUN, magnesium, glucose, 
total serum protein, bilirubin, SGOT, 
SGPT, LDH, and results of serologic 
studies were normal. 

Roentgenograms of the skull and long 
bones were normal. 

Cultures of urine, blood, cerebrospinal 
fluid, throat, and rectum were all nega- 
tive. 

Lumbar puncture showed an opening 
pressure of 295 mm H,O and a closing 
pressure of 285 mm H,O. The CSF 
contained no WBCs and one RBC. Protein 


level was 26 mg/100 ml. An electroenceph- 
alogram showed diffuse slowing at 3 to 4 
cps with focal sharp-slow wave complexes 
in the right occipital area. 

The next day the patient’s level of 
consciousness deteriorated, she became 
stuporous and disoriented, and complained 
of visual loss. She had absent optokinetie 
nystagmus. Her neurologic status showed 
marked fluctuations, with deficits predom- 
inantly in parietal lobe function. Her blood 
pressure gradually rose to 150/115 mm Hg, 
and she was treated with diazoxide and 
hydralazine. 

Computerized tomography showed dif- 
fuse areas of increased transluceney com- 
patible with multifocal cerebral edema, 
which may occur as the result of a cerebral 
vaseulitis. Because of the CT findings, 
therapy with dexamethasone, 1 mg/kg/ 
day, was started. 

Further laboratory studies included he- 
moglobin electrophoresis was normal; mul- 
tiple repeated urinalyses showed only one 
to three WBCs per high-power field and no 
RBCs or casts; urine metabolis screen was 
negative for the presence of abnormal 
organic acids or of glucose; serum lead level 
was 8 ug/100 ml. 

Immunologic studies were also per- 
formed: antinuclear antibodies were ab- 
sent; four LE cell preparations, negative; 
CH50 and C3 complement, normal; serum 
IgG, 2,010 mg/100 ml (normal, 654 to 1,594 
mg/100 ml); IgM, 225 mg/100 ml (normal, 
13 to 145 mg/100 ml); and IgA, 144 mg/100 
ml (normal, 11 to 251 mg/100 ml). The 
antistreptolysin (ASO) titer was 1/1,240 
Todd units. Cryoglobulins were isolated 
from 5 ml of serum obtained before treat- 
ment with dexamethasone, at a concentra- 
tion of 15 mg/100 ml. After thorough 
(eight times) washing in cold buffered 
saline, the cryoglobulins were redissolved 
in phosphate buffer and identified as IgG 
with both kappa and lamda light chains (by 
double immunodiffusion and immunoelec- 
trophoresis). Antisera specific to IgG 
heavy chain (anti-gamma) were employed 
in these tests. The redissolved cryoglobulin 
had antibody activity against streptococcal 
extracellular antigens as measured in the 
streptozyme test. The reaction was positive 
at 1:100 dilution. A positive control was the 
patient’s whole serum, streptozyme > 100 
units (ASO titer, 1/1,250 Todd units); nega- 
tive controls included nonimmune serum 
and cryoglobulins from patients with unre- 
lated diseases (eg, shunt glomerulonephri- 
tis secondary to Staphylococcus albus). The 
limited quantity of serum precluded fur- 
ther characterization of the cryoglobulin. 

By 60 hours after admission the patient 
had improved substantially, with a return 
of normal vision and conscious state. Blood 
pressure was easily controlled on low doses 
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of hydralazine. Five days after admission a 
repeated electroencephalogram was much 
improved but still showed diffuse posterior 
slowing. No seizure spikes were present. 
Spinal fluid findings were normal. The 
patient’s blood pressure remained in the 
normal range with antihypertensive medi- 
cation. Dexamethasone therapy was 
changed to orally given prednisone, 18 mg 
every six hours. Six days after admission a 
repeated CT scan showed no evidence of 
abnormality. The patient’s ESR had fallen 
to 28 mm/hr (Wintrobe) On the 13th 
hospital day she was discharged on regi- 
mens of phenobarbital and prednisone. 
One week following discharge, neurologic 
findings were normal, with intact visual 
fields. The ASO titer had fallen to 1/625 
Todd units and cryoglobulins were no 
longer demonstrable in her serum. Pheno- 
barbital therapy was continued and treat- 
ment with prednisone was tapered slowly. 
Three months after discharge the patient 
was entirely well without corticosteroid 
therapy. An EEG performed the following 
month demonstrated persistent bilateral 
occipital slowing. The patient remains clin- 
ically well with normal neurologic findings 
18 months after discharge. 


COMMENT 


This case report describes the un- 
usual association of an acute encepha- 
lopathie illness in a 9-year-old child 
with a serologically confirmed ante- 
cedent streptococcal infection and 
specific cryoglobulinemia. Early diag- 
nosis of the neurologic process was 
facilitated by use of the CT scan, 
which, in conjunction with the clinical 
and laboratory data, suggested a 
vasculitie disease. Corticosteroid ther- 
apy was instituted early and was asso- 
ciated with complete recovery. 

The presence of cryoglobulins corre- 
lates with the clinical serologic and 
roentgenographic evidence of disease 
activity in this patient and possibly 
reflects an underlying immune com- 
plex disease as the cause of this 
patient's acute encephalopathy. Cryo- 
globulinemia has frequently been as- 
sociated wtih acute poststreptococcal 
glomerulonephritis"? and connective 
tissue disease. Neurological sequelae 
other than those secondary to hyper- 
tension and nephritis have been 
described! and consist mainly of 
chronic neuropathy.*^ There is a 
presumed connection of cryoglobulin- 
emia to cerebrovascular insults.’ We 
are aware of no previous reports of an 
isolated acute encephalopathic picture 
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associated with specific cryoglobulin- 
emia. 

Most clinical manifestations of 
cryoglobulinemia are attributed to the 
precipitation of cryoglobulins in small 
vessels. Cryoglobulins have been fre- 
quently described in patients with 
glomerulonephritis in whom the renal 
disorder is thought to be mediated by 
soluble immune complexes.'? A strong 
correlation between the presence of 
eryoglobulins and clinical and patho- 
logic disease activity has been ob- 
served. Grupe? and McIntosh and 
associates'? have demonstrated a high 
incidence of the cryoprecipitates con- 
taining IgG and C3 in the sera of 
children with acute poststreptococcal 
glomerulonephritis. Similar immune 
deposits in the glomeruli have sug- 
gested an immunopathogenetic role 
for these cryoproteins. Data are lack- 
ing on the presence of cryoglobulins in 
patients with nonsuppurative extra- 
renal manifestations of streptococcal 
infection. In our patient, a polyclonal 
eryoimmunoglobulin G was detected, 
based on the presence of heterogen- 
eous light chains. Our data do not 
identify this cryoglobulin as type II or 
III. Antistreptococcal antibody activi- 
ty was demonstrated by a sensitive 
hemagglutinin assay (ie, streptozyme 
test). Since whole cryoprecipitate was 
tested, this probably reflects free or 
unbound antibody combining sites on 
IgG. The small amount of cryoprecipi- 
tate for study prior to corticosteroid 
therapy precluded further characteri- 
zation of the antibody, with partic- 
ular reference to determining if anti- 
body titers were higher in cryoprecipi- 
tate than in whole serum, a finding 
reported in poststreptococcal glomer- 
ulonephritis The small amount of 
eryoprecipitate may also explain why 
C3 complement was not detected, 
since the only technique that could be 
employed was radial immunodiffu- 
sion, a relatively insensitive method 
for detecting C3 eryoglobulin. 

The streptozyme test has been 
accepted as a satisfactory screening 
test for the presence of antibodies to 
any one or more of the five extracel- 
lular streptococcal antigens.*'^ Its role 
in the diagnosis of recent or current 
streptococcal infection has been inves- 
tigated with reference to the nonsup- 
purative complications of group A £- 


hemolytic streptococcal infections. 
False-positive tests are found in only 
3.5% of cases." The validity of this 
test in identifying antibody specif- 
icity of the cryoimmunoglobulin G 
was strengthened by the absence of 
such activity in the serum or cryoglob- 
ulins from patients with nonstrepto- 
coccal immunologic diseases, and the 
disappearance of the cryoglobulins 
after successful therapy with cortico- 
steroids. 

It is our contention that cryoglobu- 
linemia, despite the relatively low 
concentration when compared to that 
described in published reports,^* re- 
flects an immune mediated encephalo- 
pathic process in this child. The 
dramatic clinical response to cortico- 
steroids is compatible with this view 
although nonspecific intracranial 
pressure-reducing effects may have 
contributed to the recovery. An 
alternative explanation is that the 
patient's encephalopathy resulted 
from hypertension induced by post- 
streptococcal glomerulonephritis, but 
this diagnosis was not supported by 
clinical or laboratory data. 


References 


1. MeIntosh RM, Kaufman DBJ, Kulyinskas 
C, et al: Cryoglobulins: I. Studies on the nature, 
incidence and clinical significance of serum cryo- 
proteins in glomerulonephritis. J Lab Clin Med 
75:566-577, 1970. 

2. Grupe WE: IgG-B, C cryoglobulins in acute 
glomerulonephritis. Pediatrics 42:474-481, 1968. 

3. McIntosh RM, Griswold WR, Chernack WB, 
et al: Cryoglobulins: III. Further studies on the 
nature, incidence, clinical diagnostic, prognostic 
and immunopathologie significance of cryopro- 
teins in renal disease. Q J Med 44:285-307, 1975. 

4. Abramsky O, Slavin S: Neurologic manifes- 
tations in patients with mixed cryoglobulinemia. 
Newrology 24:245-249, 1974. 

5. Lapes MJ, Davis JS: Arthralgia-purpura- 
weakness-cryoglobulinemia. Arch Intern Med 
126:287-289, 1970. 

6. Logothetis J, Kennedy WR, Ellington A, et 
al: Cryoglobulinemic neuropathy: Incidence and 
clinical characteristics. Arch Neurol 19:389-397, 
1968. 

7. Abramsky O, Herishanu Y, Lavy S: Cryo- 
globulinemia and cerebrovascular accident. Con- 
fin Neurol 33:291-296, 1971. 

8. Brouet J-C, Chauvel J-P, Danon F, et al: 
Biologic and clinical significance of cryoglobu- 
lins. Am J Med 57:755-788, 1974. 

9. Ofek I, Kaplan O, Bergner-Rabinowitz S, et 
al: Antibody test in streptococcal pharyngitis: 
Streptozyme versus conventional methods. Clin 
Pediatr 12:341-344, 1973. 

10. Bisno AL, Ofek I: Serologic diagnosis of 
Streptococcal infection. Am J Dis Child 127:676- 
681, 1974. 

11. Klein GC, Jones WL: Comparison of strep- 
tozyme test with the anti-streptolysin O, anti- 
deoxyribonuclease B, and antihyaluronidase 
tests. Appl Microbiol 21:257-259, 1971. 


Acute Encephalopathy—Hodson et al 


St Louis Encephalitis With Particular 
Involvement of the Brain Stem 


Allen M. Kaplan, MD, Jules T. Koveleski, MD 


e We report a case of St Louis enceph- 
alitis in a 4-year-old child in which the 
main clinical features were dominated by 
brain stem dysfunction. We document an 
drome and present a review. We also 
discuss St Louis encephalitis, with spe- 
cial attention to the ocular manifesta- 
tions. 

(Arch Neurol 35:45-46, 1978) 


he neurologic manifestations of 

St Louis encephalitis (SLE) are 
diffuse and have been well docu- 
mented.'* Although pathologic inves- 
tigations of SLE cases have described 
profound microscopic brain stem 
changes, clinical signs referable to 
brain stem dysfunction are only infre- 
quently reported. These include vari- 
ous cranial nerve palsies, nystagmus, 
tremor, ataxia, and alterations in 
sensorium. 

This communication reports a case 
of SLE in a 4-year-old girl, with par- 
ticular brain stem involvement and an 
interesting transient Parinaud-like 
syndrome. 


REPORT OF A CASE 


A 4-year-old girl was admitted to the 
hospital in the late summer with a five-day 
history of malaise, fever, irritability, and 
anorexia. On the day of admission, the 
child was observed to have a grand mal 
seizure of five minutes' duration. There 
was no history of craniocerebral trauma, 
drug, or toxic ingestion. The child had had 
frequent febrile seizures but was not given 
anticonvulsant therapy. 

Examination on admission showed an ill- 
appearing child with the following vital 
signs: blood pressure, 110/68 mm Hg; pulse, 
64 beats per minute, respirations, 20/min, 
and temperature, 38.9 C. The general phys- 
ical examination was normal. The patient 
was responsive to deep pain and had spon- 
taneous respirations. There was obvious 
right-sided facial weakness (Fig 1). Initial 
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examination showed persistent tonic verti- 
cal gaze deviation downward (Fig 2), with 
absence of vertical oculocephalic reflexes 
and Bell’s phenomenon. The pupils were 3 
to 4 mm bilaterally and sluggishly reactive 
to light. Horizontal oculocephalic reflexes 
were normal. The funduscopic examination 
disclosed no evidence of papilledema or 
hemorrhages, and lower brain stem cranial 
nerve function was intact. The tone was 
generally increased, and decerebrate pos- 
turing was intermittently observed. The 
muscle stretch reflexes were increased, 
with clonus in the lower extremities. 
Babinski signs were present. 

Laboratory studies, including complete 
blood count, urinalysis, serum electrolyte 
count, and blood chemistry studies were 
normal except for mild elevations of cre- 
atine phosphokinase and lactic dehydro- 
genase levels. Roentgenograms of the 
chest and skull were normal. A lumbar 
puncture showed hazy CSF. The CSF pres- 
sure was not recorded. The WBC count was 
440/cu mm, with 84% lymphocytes and 16% 
polymorphonuclear leukocytes. There were 
no RBCs. The CSF glucose value was 63 
mg/100 ml and total protein content was 84 
mg/100 ml. Cerebrospinal fluid and blood 
cultures were negative for bacteria, 
viruses, fungi, and tuberculosis. Titers for 
St Louis encephalitis demonstrated signifi- 
cant elevations from the acute to convales- 
cent serums, but other viral antibody titers 
were negative (Table). An EEG showed 
generalized high voltage 2- to 3-cps slowing 
without focal abnormality, and no epilepti- 
form activity was noted. 





Fig 1.—Facial weakness, with flattening of 
right nasolabial fold and poor lid closure. 


On admission, the patient was given 
antibiotics that included chloramphenicol 
(100 mg/kg/day) and ampicillin sodium 
(300 mg/kg/day) intravenously, pending 
culture results. Therapy was discontinued 
after 48 hours. During the following five 
days there was gradual improvement of 
the patient's sensorium, and the child 
became more responsive and would follow 
simple commands. The tonie downward 
deviation of the eyes persisted for 48 hours. 
The facial paresis present on admission 
also resolved within five days. Subsequent 
examination has shown a persistent neuro- 
logic deficit characterized by truncal and 
extremital ataxia, and dysarthric speech. 
The child is otherwise physically and intel- 
leetually normal. 


COMMENT 


St Louis encephalitis was first 
recognized in epidemic proportions in 
Paris, Ill in 1932. Since then, numer- 
ous outbreaks have occurred through- 
out the country, usually in the late 
summer or early fall. Over 540 cases of 
SLE were confirmed in 1975, and an 
additional 157 cases have been re- 
ported in 1976.* A classification of the 
various clinical presentations has been 
established and includes the follow- 
ing: (1) encephalitis, (2) aseptic menin- 
gitis, (3) febrile illness with headache, 
and (4) nonspecific illness.? The mor- 
tality of SLE in children is low, but 
neurologic residua have been reported 
in as many as 54%.* These sequelae are 
most commonly manifest as behavior 
problems, disturbance of gait and 
equilibrium, disorders of speech, per- 





Fig 2.—Tonic (downward) vertical gaze. 
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Viral Agent 
Herpes simplex (CF)* 
Adenovirus (CF) 
St Louis encephalitis (CF) 

(HI) 

California encephalitis (CF) 
Eastern equine encephalitis (CF) 
Western equine encephalitis (CF) 
Venezuelan encephalitis (CF) 
Lymphocytic choriomeningitis (CF) 
Coccidioidomycosis (CF) 
Coxsackie B 1-6 (CF) 











"JL r -X N 


Serum Viral Antibody Titers 







Acute Sera Convalescent Sera 
1:8 1:8 
1:16 1:16 

«1:8 1:64 
1:10 1:80 
«1:8 «1:8 
— 1:8 «1:8 
<1:8 <1:8 
<1:8 <1:8 
<1:8 <1:8 
Negative bats 
Negative Negative 





*CF denotes complement-fixation antibody; HI, hemagglutinin-inhibition antibody. 


sistence of cortical spinal tract signs, 
and deafness.*** 

Pathologie studies in SLE have 
confirmed a predominant brain stem 
involvement characterized grossly by 
vascular congestion and microscop- 
ically by monocytic cellular infiltrates 
of the leptomeninges with typical 
perivascular cuffing and glial nodules. 
Neuronal degeneration occurs fre- 
quently as well. McCordock et al” 
described these pathologic changes 
most frequently in the region of the 
pons, basal nuclei, and medulla. Broun 
et al^ and Suzuki and Phillips" 
confirmed that the most intense 
changes were confined to the mid- 
brain and thalamus. 

Although other encephalitides, most 
notably epidemic encephalitis (of Von 
Economo) and brain stem encephalitis 
described by Bickerstaff and Cloake,”” 
are commonly associated with ocular 
signs, these manifestations have been 
reported to be insignificant or rare in 
SLE.''* Infrequent reports of ocular 
findings have included photophobia, 
conjunctival inflammation, unequal 
pupils, diplopia, blurring of vision, 
nystagmus, ptosis, papilledema, and 
exophthalmus.'*'* Our patient dem- 
onstrated a prominent and inter- 
esting Parinaud-like syndrome char- 
acterized by tonic (downward) vertical 
gaze associated with absent vertical 
oculocephalic responses and Bell's phe- 
nomenon as well as sluggish pupillary 
reactions. 

Clinicopathologic studies of vertical 
eye movements'* have indicated 
that anatomic pathways subserving 
upward gaze are located bilaterally in 
the brain stem, with probable decussa- 
tion in the posterior commissure. 
Therefore, upward gaze paralysis may 
occur with unilateral brain stem 
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lesions but is most frequently second- 
ary to bilateral involvement of the 
pretectum, posterior commissure, or 
dorsal midbrain tegmentum. Lesions 
causing isolated paralysis of down- 
ward gaze have been reported and 
suggest anatomic structures situated 
medial and dorsal to the red nucleus as 
important substrates mediating 
downward ocular movements.'^ There 
is also experimental evidence that 
electrical stimulation of the thalamus 
and mesencephalic gray matter 
evokes downward ocular deviation 
and/or convergence.^ The clinical 
causes of vertical eye movement disor- 
ders are consistent with the anatomic 
findings and are most often due to 
midline or bilateral tumors involving 
the thalamus, pineal gland, or brain 
stem; vascular lesions of the brain 
stem; or craniocerebral trauma.'* In 
addition, hydrocephalus with pressure 
on the mesencephalic tegmentum or 
thalamic hemorrhage" may also cause 
tonic downward deviation of the eyes. 
In view of these facts, our patient's 
ocular findings may be explained on 
the basis of cerebral edema with 
tentorial herniation and secondary 
aqueductal stenosis and third ventric- 
ular hydrocephalus. However, local- 
ized brain stem inflammation causing 
either overaction (spasm) or a tran- 
sient reversible lesion of appropriate 
structures subserving vertical ocular 
movements would appear more likely 
to us. 

In conclusion, although brain stem 
encephalitis has been commonly re- 
ported, etiologic agents have been 
infrequently found. Most authors fa- 
vor a viral etiology and, to date, 
various arboviruses (excluding SLE) 
and herpes viruses'* have been identi- 
fied. In view of the diffuse brain stem 











findings demonstrated by our patient 
on admission and the residual cere- 
bellar deficit, the importance of 
considering SLE in patients who 
present with meningoencephalitis 
with brain stem or cerebellar dysfunc- 
tion is to be emphasized. 


Barbara Bengtson provided assistance and 
prepared the manuscript. 


Nonproprietary Name and 
Trademarks of Drug 


Ampicillin sodium—Amcill-S, Omnipen-N, 
Penbritin-S, Polycillin-N, Principen-N. 
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Brief Communications and Clinical Notes 


Changes in the Symptoms of Neglect 


Induced by Changing Task Strategy 


Kenneth M. Heilman, MD, Robert T. Watson, MD 


€ Six patients with left side unilateral 
neglect from lesions of the right cerebral 
hemisphere were tested with verbal and 
visuospatial crossing-out tasks. The 
symptoms of neglect were less severe 
with the visuospatial than with verbal 
tasks. We hypothesize that changes in the 
symptoms of neglect were produced 
because the tasks altered hemispheric 
arousal. 

(Arch Neurol 35:47-49, 1978) 


he unilateral defect in the orient- 

ing response, seen in neglect, 
may be caused by a lesion that inter- 
feres with mediation of an attentional 
arousal response.'? A stimulus that 
increases arousal of the lesioned hemi- 
sphere may reduce the symptoms of 
neglect, and a stimulus that increases 
arousal of the contralateral hemi- 
sphere may increase the symptoms of 
neglect. There is behavioral and elec- 
trophysiological evidence that because 
language tasks are processed more in 
the left than in the right hemisphere, 
they produce an orienting response to 
the right (the left hemisphere being 
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more activated than the right).** 
Visuospatial tasks processed in the 
right hemisphere produce an orient- 
ing response to the left.^* Since 
language and visuospatial stimuli can 
alter hemispheric arousal, these stim- 
uli may also systematically alter the 
symptoms of neglect. 


MATERIALS AND METHODS 


The subjects were six men with right 
hemisphere lesions and multimodal** uni- 
lateral neglect (Table). 

The subjects were presented with six 
trials of a crossing-out task devised by 
Horenstein (personal communication, 
April 1976) to test patients with unilateral 


neglect.*?° We modified the task as follows: 


The stimuli were placed on 22 x 28-cm 
cards. In three of the trials, the subjects 
were presented with cards on which there 
were three 6-letter words—“school,” “cen- 
ter,” “doctor.” Each of these words was 
typed on the card 18 times in full capital 
letters. These 54 words were randomly 
distributed over the entire page. In the 
other three trials, the subjects were 
presented with a card that had lines 
oriented in three directions—horizontal, 
vertical, or diagonal. The lines were made 
by typing six capital "X's." Each type of 
line direction was typed on a page 18 times, 
and these 54 lines were randomly distri- 
buted over the entire page. The verbal and 
visuospatial trials were alternated. 
During the test trials, the patient sat, 
and the examiner held the stimulus card 
directly at midline of the patient's body. 


The subject was instructed to cross out one 
of the words (eg, "doctor") or lines (eg, 
horizontal) everywhere he saw that word or 
line on the card. He was asked not to cross 
out any other words or lines and was 
informed of any error. If the subject said 
he was finished, the trial was ended. If he 
did nothing for 15 seconds but did not say 
he was finished, the examiner would ask 
whether he had completed the task. If the 
answer was "yes," the trial was ended. If 
he again started crossing out words or 
lines, the examiner would allow him to 
continue until he stated he had completed 
the task or until another 15 seconds had 
again elapsed without a response; then the 
examiner again asked if he had finished 
the task. There were no time limitations. 


RESULTS 


To analyze the data, we used a 
Fisher's randomization of maximal 
(matched pair) t-statistics maximized 
over the variables correct response, 
distance, and incorrect response." On 
the visuospatial task, our subjects 
correctly crossed out a mean of 7.3 
lines per trial. On the verbal task, they 
correctly crossed out a mean of 4.9 
words per trial The difference be- 
tween these means is significant 
(P < .05). 

Because the verbal and visuospatial 
stimuli did not have exactly the same 
geographic location on the stimulus 
cards, we measured from the right 
edge of the card to the middle of each 
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Patient/Sex/ 
Age, yr 
1/M/67 


Clinical 
Characteristics 


Left-sided 
neglect, left 
hemiparesis, and 
left cortical 
sensory defect 
(proprioception) 
Left-sided neglect, left 
hemiparesis, and left 
cortical sensory cefect 
(proprioception) 

















2/M/61 


















3/M/55 Left-sided neglect, left 
hemiparesis, and left 
cortical sensory cefect 


(proprioception) 











4/M/59 Left-sided neglect, left 
hemiparesis, and left 
cortical sensory cefect 
(proprioception) 
Left-sided neglect, left 
hemiparesis, and left 
cortical sensory cefect 
(proprioception) 
Left-sided neglect, left 
hemiparesis, left 
cortical sensory cefect 
(proprioception), and 
cortical sensory loss 
(agraphesthesia) 









5/M/49 














6/M/67 


*Group mean. 


correctly crossed out word or line. By 
adding all these distances, we ob- 
tained a total distance that the subject 
oriented to the neglected left side for 
each trial. The mean distance per trial 
on the visuospatial task was 62.7 cm. 
The mean distance of the verbal task 
was 34.9 cm. The difference between 
the means was also significant 
(P « .05). 

On the visuospatial task, our sub- 
jects made a mean of 1.55 errors per 
trial. On the verbal task, the mean was 
0.27 errors per trial. The difference 
between these means is significant 
(P < .05). 

Because our subjects crossed out 
more visuospatial than verbal stimuli, 
they had more of an opportunity to 
make errors on the visuospatial task. 
Therefore, we also compared propor- 
tion of errors and found no significant 
difference (P > .05). 


COMMENT 


In addition to visuospatial disorders 
seen with right hemisphere lesions,” 
patients with neglect may have para- 
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Clinical Characteristics and Task Performance of Patients With Neglect 


Correct (mean) 


Radiographic 
Localization 
Abnormality 


Decreased perfusion of 
right middle cerebral 
artery (brain scan) 


Diagnosis 






Right 


of the middle cerebral frontotemporoparietal, 
artery cortical, and 
subcortical (brain 


scan) 
Right 
frontotemporoparietal, 
cortical, and 
subcortical (brain 
scan) 


None performed 








Decreased perfusion of 
right middle cerebral 
artery (brain scan) 


Decreased perfusion of 
right posterior Sylvian 
region (arteriogram) 


lexia." If the latter disorders made 
the verbal task more difficult than the 
visuospatial task, one would have 
expected more errors in the verbal 
task than in the visuospatial task. 
Since this was not the case, differ- 
ences in task difficulty cannot explain 
why our subjects did better in the 
visuospatial task than they did on the 
verbal task. These results suport the a 
priori hypothesis that verbal stimuli 
make left side neglect worse or visuo- 
spatial stimuli reduce the degree of 
left side neglect or both. 

Although varying task strategies 
(ie, verbal vs visuospatial) altered 
neglect, we are not certain if the 
visuospatial stimuli activated the 
right hemisphere and thereby reduced 
neglect, or if activation of the left 
hemisphere made neglect worse by 
increasing arousal asymmetries. 

Because we tested only English- 
reading subjects (who move their eyes 
left to right), we cannot rule out the 


"possibility that a learned right-sided 


orienting response reduced perform- 
ance on the verbal task. 





Visuospatial 


Distance (mean) 


Verbal 
10.7 


Verbal 
121.3 


Visuospatial 
283.0 

























It has been demonstrated that the 
orienting reflex not only includes 
movements of the eyes and head but 
also prepares the organism for action 
by reducing sensory thresholds and 
increasing the efficiency of sensory 
motor processes." Movement of the 
eyes and head can be induced by 
means other than the orienting reflex. 
Rubens and Mahowald," using caloric 
ear stimulation, produced eye devia- 
tions in patients with neglect. Devia- 
tion of the eyes toward the neglect 
field produced improvement on the 
crossing-out task, and eye deviation 
away from the neglect field caused 
increased symptoms. Neglect can be 
improved by manually turning a 
patient's head and eyes to the 
neglected side or by moving a stim- 
ulus card from the neglect field to the 
normal field.'* The calorically induced 
eye deviation may have altered 
neglect because it produces changes in 
hemisphere activation; however, since 
calorically induced eye deviation may 
occur in the absence of hemispheric 
activation," caloric stimulation, turn- 
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ing the head, and moving the stimulus 
may have improved performance by 
moving the stimulus from the ne- 
glected side to the normal side. 
Regarding the current experiment, it 
is not clear which part of the orienting 
reflex (ie, the ocular movement or the 
decreased sensory threshold) was re- 
sponsible for our subjects’ improve- 
ment or worsening. 

There are many reports that claim 
that unilateral neglect is caused 
predominantly by right side le- 
sions.'*'* Albert'" using the crossing- 
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out task demonstrated that right side 
lesions produce a more pronounced 
defect than do those on the left. To 
explain this asymmetry, Kinsbourne* 
postulated that since patients think in 
words and verbally communicate with 
the clinician, left hemisphere activa- 
tion would tend to minimize an imbal- 
ance between left and right when the 
left is damaged. The results of our 
experiment support Kinsbourne's hy- 
pothesis. Proof of his hypothesis 
would come from replicating Albert's 
experiment, using our stimulus cards. 
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Peripheral Polyneuropathy Associated With 


Primary Malignant Lymphoma of the Brain 


Michael Garofalo, Jr, MD; Moris Jak Danon, MD; Hyman Donnenfeld, MD; Joseph George Chusid, MD 


€ A patient with a primary malignant 
lymphoma of the brain manifested a 
peripheral polyneuropathy during his ill- 
ness that could not be accounted for by 
the usual causes. The polyneuropathy is 
considered to be a nonmetastatic compli- 
cation of the primary brain tumor. A 
review of the literature did not uncover a 
similar case. 

(Arch Neurol 35:50-52, 1978) 


variety of nonmetastatic neuro- 

logical syndromes in association 
with carcinoma or the reticuloses has 
been reported. A myasthenic syn- 
drome, an amyotrophic syndrome, and 
peripheral neuropathy have been rare- 
ly reported as remote effects of malig- 
nant lymphoma of non-neural ori- 
gin.'* We are reporting a patient with 
a primary malignant lymphoma (re- 
ticulum cell sarcoma-microglioma) 
restricted to the brain who displayed 
diffuse polyneuropathy late in the 
course of his illness. To our knowl- 
edge, this association has not been 
previously described.** 


REPORT OF A CASE 


A 63-year-old, right-handed man was 
admitted to St Vincent’s Hospital and 
Medical Center of New York on Nov 11, 
1969, with complaints of generalized weak- 
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ness and incoordination for ten days. His 
symptoms began insidiously with fatigue, 
lethargy, a tendency to fall to the right, 
slight difficulty with use of the right arm 
and leg, and difficulty initiating move- 
ments bilaterally. His wife stated that in 
the preceding six months he had had 
increased difficulty in formulating sen- 
tences and had recently stopped writing 
speeches (his occupation). Except for a 
myocardial infarction in 1959, his past 
history was not significant. There was no 
history of diabetes or alcoholism. 

Findings of the general examination 
were unremarkable. Specifically, there was 
no organomegaly or lymphadenopathy. He 
was alert, cooperative, and in no distress. 
Mental status was normal, with no 
evidence of aphasia, agnosia, dyslexia, or 
agraphia. Vision, visual fields, optic fundi, 
and extraocular movements were intact. 
There was a right central facial paresis, 
with mild spastic right hemiparesis and a 
right pronator drift. Fine rapid move- 
ments of both hands were impaired. Muscle 
stretch reflexes were 3+ on the right and 
2+ on the left. Plantar reflexes were 
flexor, and both superficial abdominal 
reflexes were absent. His gait was hemi- 
paretic, with flexion of the right upper 
extremity and circumduction of the right 
leg. Sensory modalities that were intact 
included pin, vibration, position, stereog- 
nosis, and double simultaneous stimulation 
to touch. 

The following initial laboratory study 
values were within normal limits: hemoglo- 
bin, 15.3 gm/100 ml; hematocrit, 44%; WBC 
count, 10,3000/cu mm; fasting blood sugar, 
100 mg/100 ml; ESR, 20 mm/hr; the urine 
was clear, without protein sugar or cells; 
serum creatine phosphokinase, 30 units/ml 
(normal, 8 to 85 units/ml); SGOT, 17.6 


units/ml; serum sodium, 141 mKq/liter; 
serum potassium, 4.5 mEq/liter; serum 
chlorides, 105 mEq/liter; and serum CO, 
content, 27.2 mM /liter. 

Neurodiagnostic studies included normal 
skull roentgenograms and a midline 
echoencephalogram. A cerebroscintigram 
showed an uptake in the left parietal area 
extending to the midline in the area of the 
posterior portion of the corpus callosum. 
Cerebrospinal fluid was clear and colorless, 


. with no cells, but the protein content was 


111 mg/100 ml. The opening pressure was 
180 mm H,O. An EEG showed bilateral 
parieto-occipital theta-delta activity, left 
greater than right. 

On the fourth day, a left carotid angio- 
gram showed no abnormality, but during 
the procedure, a moderate expressive 
aphasia and a marked right hemiparesis 
developed. During the following several 
hours, he gradually improved, but in the 
next few days, aphasia and  paresis 
worsened. He became quite lethargic. 
Dexamethasone, 10 mg every six hours, 
was administered. His condition improved 
remarkably, although a mild expressive 
aphasia and right hemiparesis persisted. 

On the fifteenth day, a second brain scan 
showed that the abnormal uptake had 
disappeared. A pneumoencephalogram on 
the 20th day showed depression of the roof 
of the left lateral ventricle. Cerebrospinal 
fluid protein content was 31 mg/100 ml at 
this time. Steroid therapy was gradually 
decreased in view of the clinical improve- 
ment and was discontinued completely on 
the 28th day because of abdominal disten- 
sion, fever, and a questionable mass in the 
left lower quadrant. Treatment consisted 
of ampicillin, neomycin sulfate, nasogas- 
tric drainage, and intravenous fluids with 
vitamins. 
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After steroid therapy was discontinued, 
he became lethargic, confused, and dis- 
played increased right-sided weakness. 
Consciousness waxed and waned. 

On the 32nd day, left hemiparesis 
appeared so that he was quadriparetic, 
with bilateral central facial weakness. 
Muscle stretch reflexes that were 3+ on 
the right and 2+ on the left were now 
barely elicitable. The patient was not alert 
enough to cooperate for a sensory exami- 
nation. 

His condition deteriorated with increas- 
ing abdominal distension and broncho- 
pneumonia for which he was treated with 
ampicillin and cephalothin. The patient 
lapsed into stupor, with flaccid areflexic 
quadriplegia. Fasciculations were wide- 
spread, particularly in the proximal muscu- 
lature of the extremities. On the 50th day, 
electromyography showed diffuse fibrilla- 
tion potentials and positive sharp waves. 
Motor conduction velocities of the tibial, 
median, and peroneal nerves were 41.5 
m/sec, 62.5 m/sec, and 55.8 m/sec, respec- 
tively. Sensory action potentials of the 
ulnar nerves were absent. The patient died 
several days later. 


POSTMORTEM EXAMINATION 


The body was generally wasted, 
with moderate atrophy of all extremi- 
ties. Significant findings were bilat- 
eral bronchopneumonia, an old myo- 
cardial infarction, small cortical ade- 
noma of the right kidney, prostatic 
hypertrophy, and sigmoid diverticulo- 
sis. 

The brain weighed 1,560 gm. The 
dura and leptomeninges were unre- 
markable. The cerebral hemispheres 
were symmetrical. The midportion of 
the corpus callosum was markedly 
widened by a tumor that was necrotic, 
with yellowish-brown discoloration 
(Fig 1). The cingulate gyri, parahippo- 
campal gyri, medial occipital gyri, and 
fornices were also similarly involved. 
The brain stem, spinal cord, and 
cranial and spinal nerves were grossly 
unremarkable. 

Microscopic examination showed tu- 
mor deposits in the superior frontal 
gyri and in the cerebellar hemispheres 
distinct from the main tumor mass 
that lay in the corpus callosum. These 
were characterized by dense sheets of 
cells that were predominantly perivas- 
cular (Fig 2) and most prominent in 
the gray matter. The tumor broke 
through the pia-arachnoid in some 
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Fig 1.—Tumor occupying and expanding corpus callosum distributed in “butterfly” 


pattern. 





Fig 2.—Tumor (primary malignant lymphoma) in corpus callosum in perivascular location 
(hematoxylin-eosin, x 260). 


areas. The nuclei were of moderate 
size, oval, and surrounded by scanty 
cytoplasm. A prominent nuclear mem- 
brane contained sparse chromatin and 
a nucleolus. Pleocytosis and mitoses 
were absent. Reticulin stain was not 
contributory. 

Sections of the spinal cord at L-3 


and L-4 showed central chromatolysis 
of approximately 40% of anterior horn 
cells. There were no tumor and no 
inflammatory changes involving the 
cord or the dorsal and ventral roots. 
The brachial plexus was normal. 
The sciatic nerves had a minimal 
increase in endoneurial connective 
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Fig 3.—Severe demyelination in right femoral nerve (Luxol-fast blue stain, x 400). 


tissues. The right femoral nerve 
showed a marked endoneurial cell 
proliferation, with an associated loss 
of myelin and increased connective 
tissue (Fig 3). Bodian stain for axons 
showed moderate axonal degenera- 
tion. Sections of both iliopsoas and 
right quadriceps muscles showed 
group atrophy of muscle fibers. 


COMMENT 


The patient had symptoms of a 
cranial mass, which on microscopic 
examination, was a primary malig- 
nant lymphoma of the brain. In the 
last few weeks of illness, he displayed 
a rapidly progressive sensorimotor 
polyneuropathy, manifested by flaccid 
quadriplegia. Electrodiagnostic stud- 
ies showed evidence of diffuse dener- 
vation and absent sensory action 
potential response in the ulnar nerves. 
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Despite adequate clinicopathological 
investigation, no obvious cause for the 
neuropathy could be ascertained. 
There was no history of diabetes, and 
although the patient was treated with 
steroids, glycosuria or hyperglycemia 
were not present. He was not given 
medications known to produce neu- 
ropathy. The possibility of a polyneu- 
ropathy such as Guillain-Barré syn- 
drome was not supported by examina- 
tion of the spinal cord, roots, and 
spinal nerves. There was no evidence 
of tumor involvement of the spinal 
cord, roots or nerves. These findings 
led us to the conclusion that this 
neuropathy was a nonmetastatic (pa- 
raneoplastic) complication of the pri- 
mary malignant lymphoma of the 
brain. The most recent concept of 
lymphoma suggests that both neural 
and extraneural lymphomas are histo- 
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logically the same. If this unitary 
idea is correct, then both could 
conceptually produce nonmetastatic 
syndromes. 

Our case is one of a mixed sensori- 
motor neuropathy associated with 
severe demyelination and moderate 
axonal degeneration. These findings 
resemble those of carcinomatous poly- 
neuropathy as described by Henson 
and Urich.* 

A review by Schaumberg et al^ of 25 
cases of primary malignant lympho- 
ma of the brain showed no instances 
of remote effects of the tumor. Most 
of these cases presented as either a 
"subaeute evolving mass lesion" or a 
meningocerebral lesion with menin- 
geal inflammation. Blanchard? and 
Rowland Schneck’ reported two au- 
topsy studied cases of systemic retic- 
ulum cell sarcoma associated with a 
polyneuropathy without direct neo- 
plastie involvement of the peripheral 
nerves or roots. The brain was not 
involved in these cases. Walsh” stud- 
ied 62 biopsy-proved lymphomas. In 
35% of these patients, there was elec- 
trodiagnostie evidence of a neuropa- 
thy. None of these had CNS tumors. 

Currie and Henson" reviewed 774 
cases of the nonmetastatic complica- 
tions of the reticuloses. None of the 63 
patients with generalized reticulum 
cell sarcoma had evidence of a periph- 
eral neuropathy. 

We have been unable to find a case 
similar to that reported here. Since 
the common causes of neuropathy 
were not present, the possibility that 
it was secondary to the primary 
malignant lymphoma of the brain 
must be strongly considered. 
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Corticosteroids in the Treatment 


of Sydenham’s Chorea 


Leonard N. Green, MD 


€ This is a retrospective study of the 
treatment of eight female patients with 
Sydenham's chorea by corticosteroid ad- 
ministration. The rationale for use of this 
medication is based on the concept that 
Sydenham's chorea is caused by an indo- 
lent inflammation of the small vessels in 
the caudate-putamen complex. All pa- 
tients in this series responded to cortico- 
steroid treatment relatively rapidly, with 
considerable diminution in abnormal 
movements. It is concluded that cortico- 
steriod treatment of this condition is 
effective and deserves wider use. This 
report should serve as an impetus for 
more controlled studies. 

(Arch Neurol 35:53-54, 1978) 
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t has been 26 years since Aronson 
and coauthors’ wrote of the use of 
cortisone in two patients with Syden- 
ham's chorea. In 1955, Lorin Ainger et 
al? reported on the so called "dramat- 
ic” response to corticotropin treat- 
ment he achieved in 13 attacks of 
Sydenham's chorea in 11 patients. 
Since then, there has been a relative 
silence in the English language litera- 
ture regarding the efficacy of corti- 
costeroid therapy in this condition. 
Review of more recent textbooks 
regarding the treatment of Syden- 
ham's chorea shows either omission of 
reference to corticosteroids or only 
passing reference, without clear-cut 
recommendation for its use.** There 
is some suggestion in the literature 
that the pathogenetic mechanism in 
Sydenham's chorea involves a mild 
inflammatory reaction of small ves- 
sels^* most likely involving the cau- 
date-putamen complex. Because of the 
author's favorable experience with 
treatment of an initial patient with 
corticosteroids, seven additional con- 
secutive patients with Sydenham’s 
chorea were treated with corticoste- 
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roids and the uniformly favorable 
results are herewith reported. 


MATERIALS AND METHODS 


The records of eight consecutive patients 
with Sydenham's chorea who were admit- 
ted to a general hospital under the care of 
the author, between 1969 and 1976 were 
reviewed and analysed (Table). All eight 
were young female patients whose ages 
ranged from 9 to 21 years. Five of the eight 
were initially evaluated within two weeks 
of the onset of abnormal movements. One 
patient, the only adult in the series, had 
abnormal movements for seven months 
before the diagnosis was established. This 
patient had a normal pneumoencephalo- 
gram as well as other negative test results 
(viz, lupus preparations, heterophile titer) 
to exclude other causes of chorea in a 
young adult. She did not have Keyser- 
Fleischer rings. Motion pictures were 
obtained from three patients before and 
after treatment to document improve- 
ment. 

Only two of the eight patients had a 
clear-cut history of prior pharyngitis, and 
in one, it was nine months before the onset 
of chorea. Four of the eight patients had 
some cardiac abnormality. All but one had 
an elevation of the antistreptolysin O titer, 
but that one patient (patient 6) had an 
elevated sedimentation rate. The elevation 
of the antistreptolysin O titer in patient 1 
was minimal. 

All patients were treated with either 
corticotropin, prednisone, or a combination 
of both, as outlined in the table. All but one 
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patient received an antibiotic, either peni- 
cillin, erythromycin, or ampicillin. Patient 
1 and 6 were treated with haloperidol prior 
to treatment with corticosteroids and had 
shown no improvement. The duration of 
treatment, except for patients 7 and 8, was 
not more than three weeks. 


RESULTS 


All of the patients showed a marked 
reduction in the frequency and severi- 
ty of their choreic movements within 
a few days. This improvement was 
definite and noticeable by patient, 
family, and physician, taxing no 
longer than three days from onset of 
corticosteroid therapy in all patients 
except patient 7, in whom improve- 
ment occurred in three to five days 
(Table). At the time of discharge from 
the hospital, chorea was either absent 
or barely noticeable. All the children 
were able to resume their school work 
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25 mg/day for 14 days 


75 mg/day for 8 days, 


50 mg/day for 30 days, 


and 50 mg/day every 
other day for 90 days 


60 mg/day for 10 days, 


40 mg/day for 14 days, 


and 30 mg/day for 
30 days 


within two weeks from hospital 
discharge. The young adult, patient 1, 
who had lost her job as a clerk-typist 
because of the chorea was able to 
regain her typing job. Patient 7, who 
had a somewhat slower response expe- 
rienced a recurrence of chorea after 
cessation of prednisone treatment so 
that a second course of alternate day 
prednisone therapy was reinstituted 
for a total of three months. She 
responded as favorably to this second 
course of treatment, although with 
lower doses, as she had to the first 
course. All patients were observed for 
atleast six months after cessation of 
therapy and had no recurrences. 


CONCLUSION 


In this retrospective study, eight 
consecutively encountered patients 
with Sydenham’s chorea were treated 
with corticosteroids and made a rela- 
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Findings in Patients With Sydenham's Chorea 


Duration of Antistreptolysin Corticotropin Response 
Patient/Age, yr Chorea ESR, mm/hr Titer Prednisone Therapy Therapy Time, Days 
1/21 7 mo 14 166 TES 40 units/day for 9 days 2-3 
2/10 1 mo 12 333 Y 30 units/day for 7 days 2-3 
3/11 8 days 21 333 45 mg/day for 7 days 40 units/day for 7 days 3 
5/9 14 days 17 1,250 30 mg/day for 7 days 40 units/day for 6 days 1-2 
6/17 5 days 30 50 60 mg/day for 5 days and 40 units/day for 6 days 2-3 
















40 units/day for 6 days 


tively rapid improvement in their 
movement disorder. In the one case in 


which the improvement was not 
sustained on cessation of medication, 
a second course of treatment rapidly 
produced a remission. It is difficult to 
escape the conclusion that corticoste- 
roid treatment has a direct beneficial 
effect on this movement disorder and 
in some way, alters the pathological 
process, presumably an inflammatory 
one. 

Although this report is not a 
controlled study, the favorable and 
rapid response of all eight patients to 
corticosteroid treatment should serve 
as an impetus for such a study. 


Nonproprietary Name and 
Trademarks of Drug 


Corticotropin—Acortan, Acthar, Cortro- 


phin, Depo-ACTH, Duracton. 
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Cranial Computerized Tomography 


and Marie’s Ataxia 


A Case Report 


John F. Aita, MD 


® Cranial computerized tomography 
(CT) is an aid in the diagnosis of the 
spinocerebellar degenerations and may 
be used to define and categorize indi- 
vidual cases based on the extent and 
localization of atrophy. We discuss a case 
of Marie’s ataxia and the cranial comput- 
erized tomographic appearance. 

(Arch Neurol 35:55-56, 1978) 


he spinocerebellar degenerations 

are idiopathic hereditary disor- 
ders with systemic manifestations 
that are classified clinically on the 
basis of predominate neurologic signs, 
whether spinal, cerebellar, or spino- 
cerebellar. This latter group is repre- 
sented by Marie’s and Friedreich’s 
ataxia. Marie’s ataxia type A (Menzel) 
olivopontocerebellar degeneration 
may be clinically diagnosed by means 
of history, including pertinent family 
history, characteristic signs, and in 
the past, a pneumoencephalogram 
(PEG). With the advent of cranial 


computerized tomography (CT), these 


Accepted for publication July 15, 1977. 

From the Midwest Clinic, Omaha. 

Reprint requests to the Midwest Clinic, Consul- 
tants in Neurology and Psychiatry, 105 S 49th St, 
Omaha, NE 68132 (Dr Aita). 


Arch Neurol—Vol 35, Jan 1978 


patients may be evaluated without the 
need for pneumoencephalography. 

Previously New and Scott! have 
described a single case of familial 
olivopontocerebellar degeneration in 
which cranial CT readily demon- 
strated atrophy of the pons, cerebellar 
hemispheres, and vermis. 

A patient with findings compatible 
with Marie’s ataxia type A (Menzel) 
and the cranial CT study is pre- 
sented. 


REPORT OF A CASE 


A 61-year-old right-handed woman com- 
plained of progressive gait impairment 
with loss of balance and staggering since 
1965, dysphagia since 1971, and dysarthria 
since 1973. 

The family history disclosed that a 
similar disorder had affected 24 other 
family members spanning four genera- 
tions in an autosomal dominant pattern of 
inheritance. 

Neurologic examination showed a vague, 
dysarthric woman who walked only with 
help. She was hyporeflexic throughout and 
had dysmetria of all extremities. There 
was bilateral internuclear ophthalmople- 
gia. 

Cranial CT (Figure) demonstrated atro- 
phy of the pons and middle cerebellar 


peduncles, with enlargement of the fourth 
ventricle and ambient, prepontine, and 
quadrigeminal cisterns. 

Other abnormalities included nonspecific 
and diffuse slowing of the EEG. An 
episode of ventricular tachycardia, left 
anterior hemiblock, and nonspecific ECG 
changes were recorded. Electromyographic 
studies disclosed evidence of widespread 
denervation in the face and extremities, 
with a decreased number of motor units, 
some of which showed an increased dura- 
tion and amplitude (greater than 6 mV). 
Nerve conduction velocities were normal. 

Complete spinal fluid study values were 
without abnormality as follows: RBC 
count, 60/cu mm; no WBCs; glucose, 74 
mg/100 ml; serum glucose, 111 mg/100 ml; 
protein, 20 gm/100 ml; negative cytology; 
negative serology; negative FTA-ABS; 
negative culture and sensitivity; electro- 
phoresis with a quantity of protein too low 
for accurate quantification but with no 
increase in gamma globulin level; no eleva- 
tion of the IgG level by the "rocket" 
method of immunophoresis; and no eleva- 
tion of the IgG level with the end-plate 
diffusion method of immunophoresis. 


COMMENT 


While one does not generally think 
of spinocerebellar degeneration as a 
cause of internuclear ophthalmople- 
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Cranial computerized tomographic scans show evidence of pontine and middle cerebellar peduncular atrophy, with resultant 
enlargement of fourth ventricle and ambient, prepontine and quadrigeminal cisterns. 


gia, ocular motor dysfunction has 
been described. This patient’s disor- 
der had been diagnosed eight years 
previously by another physician as 
multiple sclerosis, but the complete 
family history was unavailable to that 
examiner. Thus, it is believed that in 
view of the extremely strong family 
history covering four generations and 
including 24 other family members in 
an autosomal dominant pattern, the 
bilateral internuclear ophthalmople- 
gia may well be an unusual manifesta- 
tion of the familial disease in this 
patient. 

The firm assignment of individual 
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cases to one of the categories of the 
spinocerebellar degenerations is 
somewhat difficult. It appears that 
our case is an example of Marie’s 
ataxia, but further subclassification 
into either type A (Menzel) or type B 
(Holmes) is not easily done. The 
disease begins later in type B, but the 
cranial CT appearance of our case 
appears more likely in type A. Accord- 
ing to Greenfield,’ Marie’s ataxia type 
A (Menzel) is characterized by degen- 
eration of the middle cerebellar 
peduncle, pontine nuclei, olivary nu- 
clei, and cerebellar white matter and 
cortex, with degeneration more often 


in the pontine and olivary nuclei than 
in the cerebellar cortex. Long tract 
signs as well as atrophy of cranial 
motor nerves, especially oculomotor 
and hypoglossal and anterior horn 
cells may be present. 

Cranial CT may be helpful in lieu of 
PEG in the diagnosis and categoriza- 
tion of the spinocerebellar degenera- 
tions. 
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Anterior Cervical Arachnoid Cyst 
Simulating Syringomyelia 


A Case With Preceding Posterior Arachnoid Cysts 


Joel Herskowitz, MD; Martin A. Bielawski, MD; Nagagopal Venna, MB, MRCP; Thomas D. Sabin, MD 


€ An arachnoid cyst lying anterior to the 
cervical cord at level C6-7 was found in a 
28-year-old woman believed to have syrin- 
gomyelia. This diagnosis was based both 
on previous findings at laminectomy and 
on computerized tomography. The diag- 
nosis of arachnoid cyst was suspected 
because of clinical features atypical for 
classical syringomyelia and a history of 
arachnoid cysts found during childhood. 
Air myelography demonstrated an extra- 
medullary intradural mass anteriorly that 
proved to be an arachnoid cyst. Drainage 
and subtotal resection resulted in marked 
clinical improvement. This case illus- 
trates the need for reevaluation when a 
patient with “known” syringomyelia 
presents an atypical clinical picture. Ante- 
rior cervical arachnoid cyst, which may 
accompany or succeed posterior arach- 
noid cysts, should be considered. 

(Arch Neurol 35:57-58, 1978) 


yringomyelia characteristically has 
the presenting clinical picture of 
dissociated sensory loss in a cape-like 
distribution, wasting of intrinsic hand 
muscles, and loss of upper limb 
reflexes.' Atypical cases have been 
ascribed to unusual location of the 
intramedullary cyst or sufficient ex- 
pansion of the lesion to cause cord 
compression. 

Extramedullary lesions can produce 
complicated syndromes that may be 
mistaken for syringomyelia. We re- 
port a case that demonstrates the 
diagnostic difficulties of anterior cer- 
vical arachnoid cyst can present 
despite direct visualization of the cord 
during laminectomy and the use of 
computerized tomography. The clin- 
ical examination and history com- 
bined with standard neuroradiologic 
procedures established the diagnosis 
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and led to treatment that otherwise 
would not have been undertaken. 


REPORT OF A CASE 
1958 Hospitalization 


A 9-year-old girl was admitted to Boston 
City Hospital with a two-week history of 
pain in her mid-to-upper back. Three years 
previously, she had been hospitalized 
because of posterior neck pain after a 
B-hemolytie streptococcal pharyngitis 
treated with intramuscular penicillin. She 
was found to have mild weakness of the 
right arm and leg that gradually resolved. 
On admission in 1958, she had weakness of 
the left arm and leg, absent left triceps 
jerk, bilateral extensor plantar responses, 
and diminished sensation to pinprick and 
light touch below T-4. A myelogram 
demonstrated a complete block at C-7 to 
T-1. At operation, three small posterior 
arachnoid cysts were found just above that 
level. Histologic examination showed a cyst 
lined by columnar and cuboidal epithelium 
without teratomatous elements. The senso- 
ry deficit resolved and motor function 
improved. 


1971 Hospitalization 


Following several admissions during 
adolescence for symptomatic treatment of 
pain in neck and arm, the patient was 
admitted to another hospital because of 
neck pain and gait disability worsening 
over a six-month period. Examination 
showed weakness of all extremities, hyper- 
reflexia, and extensor plantar responses. 
Pinprick sensation was reduced below the 
midcervical level, with sacral sparing. 
Vibratory sensation was mildly impaired 
in the lower extremities. Position sense 
was intact. Myelogram now showed ob- 
struction at C5-6. At operation, the cord 
was described as “ballooned posteriorly.” 
Aspiration through the midline yielded 5 
ml of clear, slightly viscous fluid, with 
subsequent collapse of the cord. A catheter 
was inserted into the presumed syrinx for 
drainage. At discharge, the patient could 
ambulate with a walker and regained 
nearly normal arm strength. 


1974 Hospitalization 


The patient, now 25 years old, was 
admitted to a third hospital with the same 


complaints as in 1971. Generalized hyperre- 
flexia was again noted, with a sensory 
deficit to pinprick in a T-2 distribution. 
Computerized tomography of the head 
showed ventricles of normal size. A neck 
scan did not disclose an intraspinal cyst. At 
operation, a widened cord was again noted, 
and the presumed syrinx was drained of 
clear, colorless fluid. The catheter, which 
was patent but not draining spinal fluid, 
was replaced. The patient was discharged 
with improved motor function. 


1975 Hospitalization 


The patient was admitted to the same 
hospital with neck pain and was found to 
have a spastic quadriparesis greater on the 
right, with hypalgesia in a C7-8 distribu- 
tion. Myelography now showed a nearly 
complete block at C-7 to T-1. A computer- 
ized tomographic scan of the neck demon- 
strated a large cyst at C-6 occupying nearly 
the entire spinal canal interpreted as a 
probable syrinx. She did not have another 
operation and experienced mild improve- 
ment. Several weeks after discharge, she 
fell and struck her head without loss of 
consciousness, after which her neck pain 
disappeared and walking improved. 


Current Hospitalization 


The patient was admitted to the Neuro- 
logical Unit of Boston City Hospital on Dec 
18, 1976, with a three-week history of 


Fig 1.—Routine myelogram demonstrating 
block at C-7 level. 
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Fig 2.—Air myelography in lateral view 
showing posterior displacement of cord 
with cyst lying anteriorly. Arrow indicates 
inferior margin of cyst. 


Fig 3.—Pantopaque myelogram through 
C1-2 puncture defining upper border of 
cyst at C5-6. 
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exquisite posterior neck pain radiating 
down both arms and progressive weakness 
of the right lower extremity, rendering her 
unable to walk without assistance. Exami- 
nation showed spastic quadriparesis with 
wasting and weakness of intrinsic hand 
muscles, generalized hyperreflexia, except 
for absent triceps jerks, and extensor 
plantar responses. Pinprick and light touch 
perception was diminished in a C-8 to T-1 
distribution, and vibration and position 
senses decreased in both legs, right greater 
than left. Sensation of pinprick, light 
touch, and heat was reduced anteriorly in a 
T2-5 distribution. Pantopaque myelogra- 
phy in the prone position showed a 
complete block at C-7 (Fig 1). An extrame- 
dullary intradural mass at C-7, compress- 
ing and displacing the cord posteriorly, was 
demonstrated by air myelography (Fig 2). 
The upper border of the cyst, C5-6, was 
further delineated by contrast myelog- 
raphy through a C1-2 puncture (Fig 3). 

Surgical exploration with a right antero- 
lateral approach on Jan 18, 1977, disclosed a 
2-em multiloculated arachnoid cyst con- 
taining 5 ml of clear, colorless fluid. The 
cyst was adherent to the ventral cord so the 
procedure was limited to drainage and 
subtotal resection. Microscopic examina- 
tion showed fibrous tissue only. Postopera- 
tively, the patient suffered a meningitic 
syndrome, with a negative CSF culture. 
She had a mild right Horner’s syndrome 
that gradually improved. At discharge on 
Feb 19, 1977, she was free of neck pain and 
could walk up stairs unassisted. Strength 
of hands and sensation in the lower legs 
were also improved. Further improvement 
of both motor and sensory functions was 
found three months later. 


COMMENT 


Syringomyelia need not have the 
classical sign of dissociated sensory 
loss with its characteristic distribu- 
tion. Nevertheless, our patient’s sen- 
sory deficit was sufficiently unusual, 
her neck pain so exquisite and local- 
ized, and her upper limb reflexes 
sufficiently spared that the diagnosis 
of syringomyelia was questioned, de- 
spite the findings at two operations 
apparently confirming that diagnosis. 
The childhood history suggested the 
possibility of arachnoid cyst and that 
aspiration of an anterior cyst through 
a thinned cord could alternatively 
account for the surgical findings. 
Adams? has previously called atten- 
tion to the difficulty in diagnosis 
based on widening of the spinal cord 
noted at laminectomy. In Palmer’s 
case,’ the anterior arachnoid cyst was 
recognized only at necropsy. Air 


myelography was most useful in our 
patient in outlining the anterior 
extramedullary cyst. None of the 
myelographic features of syringomye- 
lia described by Ellertsson* were 
seen. 

Though anterior arachnoid cyst was 
the preoperative diagnosis, neurent- 
eric cysts can occur either anterior or 
posterior to the cord and can produce 
an intermittent course such as seen in 
our patient.’ This diagnosis was less 
likely because vertebral anomalies 
were not present, and no teratoma- 
tous or gastric elements had been 
noted in previous biopsy tissue.^ 

The etiology of such arachnoid cysts 
is unknown. The initial neurologic 
symptoms followed an upper respira- 
tory infection that had required medi- 
eal attention in both Palmer's case 
and the present patient. No histologi- 
cal, radiological, or surgical evidence 
for arachnoiditis could be found in 
either case. The patient reported by 
Hoffmann’ showed resistance to neck 
motion since birth and impaired 
motor function since earliest child- 
hood, which suggested a congenital 
basis for the lesion. 

The persistence and progression in 
our patient of presenting symptoms 
and signs into adulthood despite 
removal of the posterior cysts indicate 
that the anterior cyst may have been 
present since childhood. Earlier recog- 
nition of such a lesion might have 
spared the patient a significant 
amount of pain and disability and 
might have obviated the need for 
several operations. 
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Bromocriptine and Huntington’s 
Chorea 


To the Editor.—In a recent article in 
the ARCHIVES (33:517, 1976) and in a 
reply to a letter from Drs Tolosa and 
Sparber (34:58, 1977), Kartzinel and 
Calne reported that they "eould not 
find any evidence to support the view 
that the dopaminergic agonist that we 
were studying, bromocriptine, had 
any therapeutic action in Hunting- 
ton’s disease." As we recently pub- 
lished,' bromocriptine exerts a mixed 
agonist-antagonist activity on the 
dopaminergic receptors, which are 
not competitively blocked by the 
drug. Moreover since bromocriptine 
reduces 3,4-dihydroxyphenylacetic 
acid (DOPAC) levels in the striatum,’ 
a fact which may suggest a decrease 
of dopamine turnover in this area, one 
could expect a further decreased 
dopaminergic stimulation on the post- 
synaptic receptors. 

On the other hand, bromocriptine at 
higher dosage stimulates the postsyn- 
aptic dopaminergic receptors, increas- 
ing the formation of cyclic adenosine 
monophosphate in vivo' by a mecha- 
nism that requires an intact dopa- 
mine-storage system. 

This biphasic effect found in the 
laboratory animals, which has been 
behaviorally confirmed by Snider et 
al may have a significant correlation 
with the human findings showing that 
at low doses (less than 15 mg), bromo- 
criptine is significantly effective in 
Huntington’s chorea treatment, 
while at higher dosage, may be useful 
in the treatment of parkinsonism.’ In 
the former case, the block of the 
dopaminergic receptors plays a major 
role in the therapeutic effect, in the 
latter, the stimulation of the dopa- 
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mine system is important for the 
treatment of parkinsonian patients. 
Moreover, our data on the effects of 
bromocriptine at low doses in the 
treatment of on-off syndrome? are 
also in agreement with the view that 
bromocriptine may act through a 
mixed agonist-antagonist effect on 
the dopaminergic system. 

L. FRATTOLA, MD 

M. G. ALBIZZATIR, MD 

Dept of Neurology 

M. TRABUCCHI, MD 

Dept of Pharmacology 
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Spontaneous Dissecting Aneurysm 


To the Editor.—I wish also to reply to 
Dr Mayer’s letter that appeared in the 
August issue of the ARCHIVES (34:517, 
1977) concerning the article written 


by Dr Roome and myself entitled 
“Spontaneous Dissecting Aneurysm 
of the Internal Carotid Artery” (Arch 
Neurol 34:251, 1977). 

I have reviewed 14 previously 
reported cases of spontaneous dissect- 
ing aneurysm of the extracranial 
portion of the internal carotid artery. 
The clinical features were given in ten 
cases. Brice and Crompton' reported 
the occurrence of earache and pain in 
the cheek, each in one instance. Lloyd 
and Bahnson's? patient had roaring in 
the ear on the affected side. Three 
patients had generalized headache 
(Brice and Crompton,' case 1; Bostrom 
and Liliequist,? case 1; and Thapedi et 
al*). Patient 3 of Brice and Crompton’ 
had unilateral headache in addition to 
the earache. Headache was not men- 
tioned in four cases (Anderson and 
Schechter’; Bostrom and Liliequist,* 
case 2; and Burklund*). In a patient 
with features of a stroke, earache or 
cheek pain on the side of the cerebral 
lesion may indicate extracranial dis- 
secting aneurysm of the internal 
carotid artery. 

Damage to the wall of the internal 
carotid artery may lead to local 
thrombus formation and subsequent 
cerebral embolization. The emboliza- 
tion may explain the transient or fluc- 
tuating neurological deficit observed 
by Dr Mayer and described also in our 
patient. It may also result in severe, 
irreversible neurological deficit. I be- 
lieve that in patients who are other- 
wise in good general condition and in 
whom the carotid lesion is the only 
abnormality revealed by angiography, 
surgical management may be curative 
and therefore preferable. In older 
patients with evidence of extensive 
vascular disease, conservative man- 
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agement seems preferable. Concern- 
ing the natural history of the disease, 
I would prefer to base my judgement 
on its course in patients in whom the 
diagnosis has been made intraopera- 
tively or at post mortem examina- 
tion. 

D. C. ABERFELD, MD 

870 UN Plaza 

New York, NY 10017 
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22:195-201, 1959. 

6. Burklund CW: Spontaneous dissecting aneu- 
rysm of the cervical carotid artery: A report of 
surgical treatment in two patients. Johns 
Hopkins Med J 126:154-159, 1970. 


Ruptured Intraventricular Dermoid 
Cyst Without Clinical Inflammation 


To the Editor.—It is widely thought 
that a severe inflammatory response 
ensues if the contents of a dermoid or 
epidermoid cyst escape into the ven- 
tricles or subarachnoid pathways.' We 
would like to describe a man who, 
despite intraventricular-free oil from 
a dermoid cyst, both preoperatively 
and postoperatively, failed to mani- 
fest any clinical evidence of inflam- 
mation. 


Report of a Case.—This 56-year-old man 
had had a progressive ataxia and mental 
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Computerized tomogram, demonstrating 
free oil in the left lateral ventricle. 


deterioration without headache for four 
years. General health appeared good, but 
he was grossly demented. There was no 
papilledema and he had a mild left hemi- 
paresis and an ataxic gait. His neck was 
supple and he was afebrile. The white blood 
cell count was 8,100/cu mm and sedimenta- 
tion rate was 5 mm/hr (Westergren). 
Roentgenograms showed calcification in 
the right parasellar area. Computerized 
tomography disclosed hydrocephalus in- 
volving all ventricles. Free oil was seen in 
the left ventricle, and the disposition of the 
oil and of the cyst was best demonstrated 
in the right lateral decubitus position (Fig- 
ure) previously described by Fawcitt and 
Isherwood.’ 

The lesion was approached through the 
right lateral ventricle. The cyst wall and 
ventricular wall were contiguous, and the 
cystic content was a bright yellow liquid 
containing crystals and globules of oil. The 
septum pellucidum and the attached cyst 
wall were found to be perforated, allowing 
the fluid to enter the left ventricle. A 
granular ependymitis of the right lateral 
ventricle was evident, but the surface of 
the left lateral ventricle appeared normal. 


A ventriculoperitoneal shunt was done. 
Improvement of the patient was remark- 
able, with almost complete recovery of 
normal gait and mentation. At no time did 
the patient manifest clinical evidence of an 
inflammatory reaction. 


Comment.—Several authors have re- 
ported the intentional drainage of 
epidermoid cysts into the ventricle 
without detectable reaction.*® The 
granular ependymitis we found cer- 
tainly represented an inflammatory 
response that no doubt extended into 
the subarachnoid pathways to produce 
the four-ventricle hydrocephalus and 
perhaps forestall the appearance of 
meningitis. With the drainage of the 
ventricles into the peritoneum, our 
patient’s course has been excellent. 

C. J. Hass, MD 

Div of Neurosurgery 

Medical College of Pennsylvania 
Philadelphia, PA 19129 

D. J. RITCHIE, MD 

Dept of Radiology 

Pennsylvania Hospital 
Philadelphia, PA 19107 
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CALENDAR OF MEETINGS 


Southern Clinical Neurology Society, fifth annual meeting, 
Third International Joint Stroke Conference, Fairmont 


Federation of Western Societies of Neurological Science, 


annual meeting, Fairmont Hotel, San Francisco 


American Association of Neurological Surgeons, annual 
American Academy of Neurology, annual meeting, Bona- 
Second World Congress on Pain, Queen Elizabeth Hotel, 
Second World Congress of Biological Psychiatry, Barcelona, 
Fourth International Congress on Neuromuscular Diseases, 


International Society of Neuropathology, Eighth Interna- 


tional Congress, Shoreham-Americana Hotel, Washington, 


Congress of Neurological Surgeons, annual meeting, Wash- 


1978 
Jan 16-20 
Caribe Hilton Hotel, San Juan, Puerto Rico 
Feb 16-18 
Hotel, New Orleans 
23-25 
April 23-27 
meeting, New Orleans 
24-29 
venture Hotel, Los Angeles 
Aug 27-Sept 1 
Quebec 
31-Sept 6 
Spain 
Sept 17-21 
Montreal 
24-29 
DC 
24-29 
ington, DC 
Nov 5-9 


Grass Foundation Postdoctoral Fel- 
lowship.—A Grass Foundation postdoc- 
toral fellowship provides for clinical 
and research training for academic 
careers in electroencephalography and 
neurophysiology and is open to physi- 
cians who have completed the clinical 
requirements of residency in neurol- 
ogy and neurosurgery. The fellowship 
may be awarded for one year and is 
renewable for up to three years total 
on review by the Foundation. The 
award will consist of a stipend of 
$17,000 for the first year of fellowship 
plus $600 for each of the fellow’s 
dependents (spouse and/or children). 
Additionally, $3,000 is available for 
expenses of the fellow, such as 
research costs, tuition, travel to one 
scientific meeting, and the like. Send 
for information about application to 
The Grass Foundation, 77 Reservoir 
Rd, Quincy, MA 02170. Completed 
applications must be received by 
March 15, 1978, for fellowship begin- 
ning July 1979. Notices of award will 
be made before August 1978. 
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Society for Neuroscience, annual meeting, St Louis Conven- 
tion Center, St Louis 


Geriatric Somatopsychiatry.—A sym- 
posium on the iatrogenic psychiatric 
side effects of commonly prescribed 
and utilized pharmacologic agents in 
the elderly will be presented at the 
Texas Medical Center, Houston, Jan 
25 through 27, 1978. Contact Alvin J. 
Levenson, MD, Department of Psy- 
chiatry, The University of Texas 
Medical School at Houston, PO Box 
20708, Houston, TX 77025. 


Annual Meeting of Federation of 
Western Societies of Neurological 
Science.—The Federation of Western 
Societies of Neurological Science an- 
nounce their annual meeting, to be 
held February 23 through 26, 1978. 
The meeting will be at the Fairmont 
Hotel in San Francisco. The subject is 
“Update in Neurological Diagnosis 
and Treatment.” For information con- 
tact Leon G. Kaseff, MD, 1783 El 
Camino Real, Burlingame, CA 94010. 


Second World Congress of Biological 
Psychiatry.-The Second World Con- 


gress of Biological Psychiatry will be 
held in Barcelona, Spain from Aug 31 
through Sept 6, 1978. Topies for 
plenary sessions are (1) biology of 
schizophrenia, (2) geneties and psy- 
chiatry, (3) biological rhythms and 
psychopathology, (4) limbie system 
and mental illness, and (5) behaviour, 
memory traces and new proteic syn- 
thesis. Numerous  symposia are 
planned. For further information con- 
tact: Second World Congress of Bio- 
logical Psychiatry, Scientific Commit- 
tee and Secretariat, Casanova, 141, 
Barcelona (11), Spain. 


Symposium on Philosophy and Medi- 
cine.—The Seventh Symposium on 
Philosophy and Medicine, "Moral Use 
of New Knowledge in the Biomedical 
Sciences,” will be held at the Univer- 
sity of Missouri at Columbia, March 2, 
3, and 4, 1978. Major speakers are 
Nicholas Rescher, Alasdair MacIn- 
tyre, John Duffy, and Samuel Goro- 
vitz. Contact: William Bondeson, PhD, 
University of Missouri-Columbia, 420 
General Classroom Bldg, Columbia, 
MO 65201. 


Fifth In-Service Training and Self- 
Assessment Examination.—The Fifth 
In-Service Training and Self-Assess- 
ment examination in Neurology will 
be given throughout the United States 
and Canada on Saturday, May 20, 
1978. The examination will consist of 
approximately 480 multiple-choice 
questions, utilizing the format of the 
National Board of Medical Examiners, 
and will cover the following areas: (1) 
clinical neurology, (2) pediatric neurol- 
ogy, (3) neuroanatomy, (4) neuropa- 
thology, (5) neuropharmacology, (6) 
neurophysiology (including EEGs and 
electromyograms), and (7) neuroradi- 
ology. The examination will be given 
at centers with neurology training 
programs. The examination is thor- 
ough and clinically relevant. 

House officers, faculty, and practi- 
tioners in related fields are invited to 
take the examination on this date at a 
designated neurologic training center. 
Results of the examination will be 
provided only to the individual taking 
the examination. Anonymity will be 
preserved. 

An additional feature following this 
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examination will be the provision of 
the “key word” report to each indi- 
vidual listing the area covered in each 
question answered incorrectly. 

Cost of the examination will be $40 
for house officers and $55 for others. 
A $5 advance registration discount 
will apply on all applications received 
on or before March 24, 1978. 

For additional information, includ- 
ing a list of participating centers and 
an application form, write to: Stanley 
A. Nelson, Executive Director, Amer- 
ican Academy of Neurology, 4015 
West 65th St, Suite 302, Minneapolis, 
MN 55435. 


Bertorini Joins Tennessee Faculty.— 
Tulio E. Bertorini, MD, has been 
appointed associate professor in the 
Department of Neurology of the 
University of Tennessee in Memphis. 
Dr Bertorini trained at Georgetown 
University School of Medicine, Wash- 
ington, DC. He was formerly a clinical 
associate in the Medical Neurology 
Branch, National Institutes of Health, 
Bethesda, Md. 


Morrell Appointment.—Dr Roger M. 
Morrell has been appointed professor 
of neurology and immunology-micro- 
biology at Wayne State School of 
Medicine, Detroit, and chief of neurol- 
ogy at the VA Hospital, Allen Park, 
Mich. Dr Morrell was formerly assis- 
tant professor of neurology and 
experimental biology at Baylor Col- 
lege of Medicine, Houston, and acting 
chief of neurology at the Houston VA 
Hospital. 


The Amyotrophic Lateral Sclerosis 
Society of America.—The Amyotrophic 
Lateral Sclerosis Society of America 
has announced the appointment of 
Dr Irving S. Cooper to its Board of 
Trustees and Dr Andre Barbeau to its 
Scientific Advisory Committee. The 
Amyotrophic Lateral Sclerosis Society 
of America is based at 12011 San 
Vicente Blvd, Los Angeles, CA 
90049. 


Notes From NINCDS 


Manpower Assessed.—Manpower in 
the basic neurological sciences is suffi- 
cient to serve present needs, but defi- 
cient in investigators with sophisti- 


Arch Neurol—Vol 35, Jan 1978 


cated training in basic communicative 
research. Thus concluded an eight- 
member National Academy of 
Sciences—appointed committee, 
whose study was funded under con- 
tract to NINCDS. The committee also 
has concluded that the increasing 
demand for neuroscientists in novel 
areas of employment presents an 
encouraging outlook for using the 
enlarging pools of researchers in this 
field. 

The present resource of basic neuro- 
behavioral and communicative scien- 
tists numbers about 7,500, according 
to the committee, which was chaired 
by Eric M. Shooter of Stanford 
University School of Medicine. This 
figure was extrapolated from a sam- 
ple of 10,000 faculty and members of 
professional societies, and of 2,800 
scientists active in 1973-1974, of which 
89% were in academia. 

A pool of 15,000 neuroscientists is 
forecast for 1985, according to the 
committee's report, "Manpower in 
Basic Neurologic and Communicative 
Sciences: Present Status and Future 
Needs.” This estimated increase is 
deduced from a base of 600 new doc- 
torates awarded in neuroscience in 
1975, rising to a projected 800 in 1985, 
at a compounded annual growth rate 
of 3%. 

The committee, which drew on the 
expertise of an additional 14 consul- 
tants, determined that unstable 
trends and lack of reliable data 
precluded meaningful forecasts on the 
size of the postdoctorate pool, the 
faculty, or net flux in neuroscientists. 
But for the years selected for analysis, 
between 338% and 50% of new PhDs 
were planning postdoctoral study, and 
available data suggest that a 32% 
expansion in neuroscience faculty 
occurred between 1967 and 1973. 
Attrition rate and exchange of neu- 
roscientists with those in other disci- 
plines are still unknown. 

However, according to the commit- 
tee, expanding employment opportu- 
nities should become available for the 
increasing number of neuroscience 
faculty through extending neurosci- 
ence education vertically to under- 
graduate levels and laterally into 
areas of clinical psychology, special 
education, and the neural aspects of 
the communicative sciences. More- 
over, disproportionately increased em- 
ployment is anticipated in medical 
faculty staffing in the basic neurobe- 
havioral and communicative sciences, 
as compared with traditional disci- 


plines. The responding sample profile 
looked like this: 65% have PhDs, 23% 
have MDs, and 12% hold both or other 
degrees; 20% are women and 6% are 
from ethnic minorities; 42% have had 
postdoctoral study at some time in 
their careers; and many had early 
training in disciplines contributory to 
the neurosciences. 

The committee found that the 
annual increment of new doctorates 
awarded by graduate and professional 
institutions accounts for the predomi- 
nant long-term source of neuroscien- 
tists. During the period 1961 to 1973, 
for instance, 160 institutions awarded 
more than 1,800 research doctorates in 
neurosciences and its contributing 
disciplines, while more than 600 
research doctorates were awarded in 
the communicative sciences. Sixteen 
percent of these were in neuroscience- 
related fields. 

Seventy-five institutions were 
ranked by three indicators: (1) number 
of research doctorates awarded, (2) 
number of neuroscience faculty, and 
(3) dollar amount of federal obliga- 
tions for research and for develop- 
ment and training in life, medical, and 
psychologic sciences. Under there cri- 
teria, institutions were ranked into 
three groups of 25 institutions each: 
nearly 50% of resources were con- 
centrated in the first group, while 
resources in the second and third 
groups were 22% and 13%, respec- 
tively. 

Furthermore, the committee found 
that interdisciplinary programs of 
doctoral graduate education, depart- 
ments, and organized research units 
in the neurosciences also have devel- 
oped principally in the leading institu- 
tions. 

A more immediate source of neuro- 
scientists is provided by postdoctoral 
training of the total 3,653 postdoctoral 
man-years determined for the neuro- 
sciences during 1971-1975, a total of 
3,131 (86%) were post-PhDs and 522 
(14%) were post-MDs. Actual percent- 
age changes in postdoctoral man- 
years from 1972 to 1973 grew from 
16% to 24%. Sixty-six percent of this 
postdoctoral activity in neuroscience 
was concentrated at the leading 25 
institutions. The second and third 
institutional group had 21% and 8%, 
respectively. 

Annual growth rates of neurosci- 
ence doctorates for 1969-1973 have 
remained at about 10%, in contrast to 
the declining, zero, or negative growth 
of PhDs in biology, basic medical 
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sciences, and biopsychology during 
those years. Roughly half of the 
neuroscience-related doctorates were 
awarded in psychology and physiol- 
ogy; about one third in biology, anat- 
omy, and pharmacology; and about 
one tenth in biophysics/engineering 
and biochemistry. 

The committee's inventory of hu- 
man resources in basic neurobehav- 
ioral and communicative sciences has 
created a data base that will afford 
the opportunity to monitor their 
current status and trends. The com- 
mittee has suggested that comparison 
between problem-oriented programs 
and those that are discipline-oriented 
and interdisciplinary should help an- 
swer program and policy questions. 

Recommendations.—The committee 
has proposed seven recommendations, 
stating: "These recommendations are 
made in the light of the economy of 
the times and the cost and utilization 
of personnel" The committee bal- 
anced these factors by documenting 
the past growth of the neurosciences, 
describing examples of promising 
areas of studies of brain-behavior 
process, and providing an overview of 
future possibilities in education and 
health care. 

Provided standards are consistently 
high, an annual growth rate of at least 
3% in new doctorates in neuroscience 
should be maintained for the next 
decade, along with opportunities for 
almost half of them to continue in 
postdoctoral study and research. This 
growth is essential if the number of 
neuroscientists is to double to fill the 
anticipated need in 1985. 

The NINCDS should allocate 
enough money to support basic 
research to be consistent with the 
anticipated growth of the neuroscien- 
tist population in the next decade. The 
amount of funds available for investi- 
gator-initiated research into basic 
problems should not fall below its 
present proportion of available re- 
search funds: preferably, monies 
should increase if research is related 
to disorders within the Institute’s 
mission. An adequate flow of training 
funds must ensure the continued and 
expanded participation of predoctoral 
and postdoctoral students in neurosci- 
ence research. The Institute should 
strive for stability in federal funding 
patterns, with the aim of efficiently 
utilizing those funds and attracting 
and holding the most capable men and 
women. The committee assigns a high 
priority to strengthening programs of 
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advanced education and research in 
the communicative sciences: hearing, 
speech, psychophysics, sensation and 
perception, and psycholinguisties and 
neurolinguistics. Support would be 
especially effective in those institu- 
tions in which the potential exists for 
integration with strong programs in 
the neurosciences. 

The Institute's resources should be 
used to maintain excellent interdisci- 
plinary programs in the major univer- 
sities and at NINCDS. The develop- 
ment of consortia among institutions 
in geographic regions or in university 
systems with multiple campuses 
should be promoted. Increased cooper- 
ation should be encouraged among 
pertinent departments in schools of 
graduate study, medicine, and educa- 
tion in developing curricula that 
combine basic neurobehavioral and 
communicative sciences with clinical 
espertise and experience. 

The increased demand for introduc- 
tion of integrated concepts of brain 
and behavior at secondary and under- 
graduate levels should be anticipated 
through textbook revisions, teacher 
training, and encouragement of an 
enlightened publie advocacy for more 
attention to this subject and its impli- 
cations. 

Federal agencies, universities, and 
colleges should expend greater effort 
to increase the absolute and propor- 
tional numbers of competent minori- 
ties and women in the basic biomed- 
ical sciences. Emphasis should be 
placed on the secondary and under- 
graduate levels of minority schools 
and colleges for long-term results and 
at the graduate and postgraduate 
level in neurosciences for immediate 
effects. Placing competent neurosci- 
entists on the faculties of undergrad- 
uate institutions with predominantly 
minority student bodies can help 
speed formation of a pool of com- 
petent undergraduates from which to 
draw promising graduate students in 
the neurosciences. 

The inventory of human resources 
in neurologic, behavioral, and commu- 
nicative sciences now maintained at 
the Brain Research Institute should 
be updated every two years by a suit- 
able organization. It provides ac- 
curate, up-to-date information on per- 
sonnel supply and demand in this 
segment of the biomedical communi- 
ty. The NAS-NRC committee ap- 
pointed to conduct a continuing study 
mandated by the National Research 
Service Act of 1974 should have access 


to the present report and any addi- 
tional information on neuroscience 
needs and trends. Those data are 
deemed essential if the neurologic, 
behavioral, and communicative 
sciences are to be appropriately repre- 
sented in establishing "(A) the Na- 
tion’s overall need for biomedical and 
behavioral research personnel, (B) the 
subject areas in which such personnel 
are needed and the number of such 
personnel needed in each such area, 
and (C) the kinds and extent of 
training which should be provided 
such personnel." The prevention, man- 
agement, and cure of stroke, mental 
retardation, epilepsy, multiple sclero- 
sis, and other neurobehavioral and 
communicative disorders can be 
achieved only through basic research, 
and manpower is needed to develop 
the basic knowledge that will rid 
society of those major cripplers. The 
adequate application of that knowl- 
edge to medical practice is not yet at 
hand, but we are far enough along to 
know that we have the basic science 
capacity in the neurosciences to 
succeed in the next few generations. 

Committee members were Eric M. 
Shooter, Stanford University School 
of Medicine; Michael V. L. Bennett, 
Albert Einstein College of Medicine, 
Yeshiva University; W. Maxwell Co- 
wan, Washington University School of 
Medicine; Solomon D. Erulkar, Uni- 
versity of Pennsylvania School of 
Medicine; Norman Geschwind, Har- 
vard Medical School; Edward A. Krav- 
itz, Harvard Medical School; Alvin M. 
Kiberman, University of Connecticut, 
Storrs; Guy M. McKhann, Johns Hop- 
kins University School of Medicine. 

Consultants were Theodore H. Bul- 
lock, UCSD; Robert W. Cain, National 
Science Foundation; Michael H. 
Chase, UCLA; Richard F. Curlee, 
American Speech and Hearing Asso- 
ciation; Penney D. Foster, National 
Science Foundation; Gus A. Hagg- 
strom, Rand Corporation; John I. 
Ingle, Institute of Medicine, National 
Academy of Sciences; Donald Kenne- 
dy, Stanford University; Thomas A. 
Larson, Association of American Med- 
ical Colleges; Robert J. Loycano, 
National Science Foundation; Horace 
W. Magoun, UCLA; D. Gordon Potts, 
New York Hospital; John F. Sherman, 
Association of American Medical Col- 
leges; Mozzele H. Shipe, Veterans 
Administration, Washington, DC; 
Herbert B. Wooley, NIH. The 
NINCDS will announce publication of 
the full report when available. 
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HARVARD MEDICAL SCHOOL 
MASSACHUSETTS GENERAL HOSPITAL 


DEPARTMENT of PSYCHIATRY, BOSTON, MASSACHUSETTS 
PRESENTS 
A POSTGRADUATE COURSE IN PSYCHIATRY 


MARCH 13, 1978 to MARCH 24, 1978 ONE or TWO WEEKS 


BOARD REVIEW AND UPDATE IN Copley Plaza Hotel, Boston 
GENERAL PSYCHIATRY, MARCH 
13-18, 1978 (44 Hours of Fee: $350 for first week 
Category | AMA CME Credit) $300 for second week 
$500 for both weeks 
For further information: 
PART Il CONTEMPORARY PSYCHIATRIC W. H. Anderson, M.D. 
PRACTICE, MARCH 20-24, 1978: Dept. of Psychiatry 
(41 Hours of Category | AMA Warren 611 
CME Credit) Mass. General Hospital 
Boston, Mass. 02114 
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reasonably ENGLISH style Reflex Davis, F.A., Company 12A, 25A 
priced Percussor, to most easily 
& repeatably elicit reflexes 

12 inch nylon handle. Soft rubber bump- 

er. Metal weighted head. Made in U.S.A. 


Eston Labüoratories 5.5.5. ied esas ecitidU ass ous cie daedosbeyket cee 13A-14A 
Endo Laboratories 


Glass: Bernard; M:D., TF C. Leod Aa oaiae zocski tai OA 24A 

COMBINATION 5-in-1 instrument: 

C128 or C256 fork (choose), Buck Harvard Medical School 

hammer, pinwheel, pin, and brush. 

U.S.A. $25.99 Micro. X-Ray. Recordér, Bie. 255. 595, rs ruaddssfostesppa eui Nan 15A 
NEUROPINWHEEL, Wartenberg, fine 

sharpness $10.99 Nicolet Instrument Corporation 3rd Cover 
TUNING FORKS, aluminum alloy, U.S.A. O 

C64 weighted. (Vibratory test) $7.29 Omnimedical Services, Ine. -aesae ao taiese na 6A-7A 

C128 weighted. (Vibratory) $6.50 Organon Pharmaceuticals 

C256 weighted. $6.50 

C512 or C1024 GRON $4.89 Roche Laboratories, Division of 
BUCK hammer, pin & brush (Germany) Hoffinann-LaRoche, Ine. 15.2 aria atien i 8A-10A 
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COMPACT SENSOR stethoscope, dual, Babdoz ETAL WACO UCIT 2L... du. dere ete teret eimi 4th Cover 
from Germany, finest sensitivity & dur- Sensera Company 
ability. Plastic bell ring doesn't absorb 
bruit high frequencies as rubber ones 
do. Gray tubing. $19. 


OPHTHALMOSCOPE sets, etc. Write Yale University 
for brochure School of Medicine 
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Amphetamines work in MBD. 
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Then why Cylert. for MBD? 


© 


(pemoline) 


Because Cylert offers a lot: 


e Once-a-day dosage at home 


e Elimination of mid-day school dose and need for school 


personnel supervision 


* Avoids ups and downs of drug action brought about by multiple 


daily dosage 


e Control of medication by the parent 


e A chewable dosage form 


* Less physician paper work (Cylert is in schedule IV) 


e Safety and efficacy proven in extensive clinical studies* 
*Copy of the Cylert Monograph available to Physicians on written request. 


Dosage and administration 


Cylert is administered as a single 
oral dose each morning. 


The recommended starting dose is 

37.5 mg/day. This daily dose should be 
gradually increased by 18,75 mg at one 
week intervals until the desired clinical 
response is obtained. The effective daily 
dose for most patients will range from 
56.25 to 75 mg. The maximum recom- 


mended daily dose of pemoline is 112.5 mg. 


Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth 
week of drug administration. Drug 
administration should be interrupted 
occasionally (once or twice a year) to 
determine if behavioral symptoms are 
sufficient to require continued therapy. 


When not to use medication 


Cylert should not be used for (and will not 
be effective in) simple cases of overactivity 
in school age children. 


Neither should it be used in the child who 
exhibits symptoms secondary to environ- 
mental factors and/or primary psychiatric 
disorders, including psychosis. 


The physician should rely on a complete 
history of the child and a thorough 
description of symptoms from both 
parents and teacher before postulating 

a diagnosis of MBD. 


ABBOTT 


Please see next page for Prescribing Information. 
7083202 R1 


24A 


Cylert and Cylert Chewable Tablets 
(pemoline) 
Prescribing Information E 


Indications: MINIMAL BRAIN DYSFUNCTION IN CHILDREN —as 
ve therapy to other remedial measures (psychological, educational, 
social). 

Special Diagnostic Considerations: The cause of minimal brain dysfunction 
(MBD) is unknown. Diagnosis of MBD involves the use of medical, 
psychological, educational, and social tools, since no single diagnostic test is 
adequate. 

MBD is characterized by chronic moderate to severe hyperactivity, short 
attention span, distractibility, emotional lability, and impulsivity. 
Nonlocalizing (soft) neurological signs, learning disability, and abnormal 
EEG may or may not be present. The diagnosis of MBD must be based upon 
a complete history and evaluation of the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all children with MBD. In the primary 
therapy of MBD, appropriate educational placement is essential and 
psychosocial intervention is generally necessary. When these measures alone 
are insufficient, the decision to prescribe stimulant medication will depend 
upon the physician’s assessment of the chronicity and severity of the child’s 
symptoms. Stimulants are not intended for use in the child who exhibits 
Symptoms secondary to environmental factors and/or primary psychiatric 
disorders, including psychosis. 


Contraindications: Cylert (pemoline) is contraindicated in patients with 
known hypersensitivity or idiosyncrasy to the drug. (See ADVERSE 
REACTIONS.) 


Warnings: Cylert is not recommended for children less than 6 years of age 
since its safety and efficacy in this age group have not been established. 

Sufficient data on the safety and the efficacy of the long-term use of Cylert 
in children with minimal brain dysfunction are not yet available. 

A temporary suppression of the predicted growth rate (weight and/or 
height gain) has been reported for children receiving long-term stimulant 
therapy. A definite causal relationship between stimulant drugs and this 
finding has not been established. 


Precautions: Liver function tests should be performed periodically during 
therapy with Cylert. The drug should be discontinued if abnormalities are 
revealed and confirmed by follow-up tests. (See ADVERSE REACTIONS 
regarding reports of abnormal liver function tests and jaundice.) 

Cylert should be administered with caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs has not been studied in humans. 
Patients who are receiving Cylert concurrently with other drugs, especially 
drugs with CNS activity, should be monitored carefully. 

Cylert failed to demonstrate a potential for self-administration in primates. 
However, the pharmacologic similarity of pemoline to other 
psychostimulants with known dependence liability suggests that 
psychological and/or physical dependence might also occur with Cylert. 
There have been isolated reports of transient psychotic symptoms occurring 
in adults following the long-term misuse of excessive oral doses of pemoline. 
Cylert should be given with caution to emotionally unstable patients who 
may increase the dosage on their own initiative. 

Usage during Pregnancy and Lactation: The safety of Cylert (pemoline) for 
use during pregnancy and lactation has not been established. 

Fertility, reproduction, and teratology studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 mg./kg./day, had no effect on the 
fertility of male or female rats. The drug, when given to pregnant rats (from 
gestation day 15 through weaning) and to rabbits (from gestation days 6-18) 
at these same dosage levels, produced no teratogenic or embryotoxic effects, 
and had no effect on the viability of the young at birth. However, increased 
incidences of stillbirths and cannabilization were observed when pemoline 
was given to rats at these dosage levels, beginning 14 days prior to conception. 


Adverse Reactions: Insomnia is the most frequently reported side effect of 
Cylert; it usually occurs early in therapy, prior to an optimum therapeutic 
response. In the majority of cases it is transient in nature or responds to a 
reduction in dosage. 

Anorexia with weight loss may occur during the first weeks of therapy. In 
the majority of cases it is transient in nature; weight gain usually resumes 
within three to six months. 

Stomach ache, skin rashes, increased irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum LDH have occurred in patients 
taking Cylert, usually after several months of therapy. These effects appear to 
be reversible upon withdrawal of the drug, and are thought to be 
manifestations of a delayed hypersensitivity reaction. There have also been a 
few reports of jaundice occurring in patients taking Cylert; a causal 
relationship between the drug and this clinical finding has not been 
established. 

There have been reports of dyskinetic movements of the lips, face, and 
extremities occurring with the use of Cylert. Convulsive seizures have also 
been reported. A definite causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early during the course of treatment with 
Cylert often remit with continuing therapy. If adverse reactions are of a 
significant or protracted nature, dosage should be reduced or the drug 
discontinued. 


How Supplied: Cylert (pemoline) is supplied as monogrammed, grooved 
tablets in three dosage strengths: 
18.75 mg. tablets (yellow-colored) in bottles of 100 (NDC 0074-6025-13) 
37.5 mg. tablets (orange-colored) in bottles of 100 (NDC 0074-6057-13) 
75 mg. tablets (tan-colored) in bottles of 100 (NDC 0074-6073-13) 
Cylert Chewable is supplied as monogrammed, grooved tablets in one 


dosage strength: 
37.5 mg. tablets (orange-colored) pm 
in bottles of 100 (NDC 0074-6088-13) 
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Two-man Neurosurgical 
office looking for Board 
Certified or Eligible Neu- 
rologist to join practice. 
Early partnership avail- 
able for right physician. 
Reply to Bernard Glass, 
M.D., 1141 W. Redondo 
Beach Blvd., #308 
Gardena, California 
90247. 

An Equal Opportunity 
Employer. 


The Harvard Medical 
School and the Neurology 
Section, Peter Bent Brigham 
Hospital are seeking academ- 
ically oriented neurologists 
for full-time positions at their 
affiliated VA Hospitals (West 
Roxbury-Brockton). Clinical 
competence and teaching in- 
terest and ability are prime 
requirements and applicants 
with special interests are es- 
pecially desirable. Laboratory 
space is available and early 
support for investigative pro- 
grams may be possible for 
candidates with demonstrated 
capabilities. We are especially 
interested in learning of qual- 
ified women and minority can- 
didates. For information write 
to: Martin A. Samuels, M.D., 
Chief, Neurology Section, 
V.A. Hospital, 1400 V.F.W. 
Parkway, West Roxbury, MA 
02132. 
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Qi DEMENTIA 


by Charles E. Wells, MD, Vice Chairman, Dept. of Psychiatry 
Vanderbilt University School of Medicine 


New edition—2nd / 290 pages / 40 illustrations / $22.00 


Contemporary Neurology Series Vol. 15 


Dementia is far too complex a subject to be covered com- 
pletely by any one investigator. In this excellent 2nd edi- 
tion, Dr. Wells and his 17 eminent contributors report their 
separate experiences in the diagnosis and treatment of 
dementia. Thus the book offers a scope of findings probably 
unmatched in any other single volume on the subject. In 
addition there are over 1200 references to the literature. 

The first chapter is a scholarly definition of dementia— 
in itself well worth reading. In the following eleven chap- 
ters, over 60 possible causes of dementia are extensively 
reviewed from different perspectives. A variety of diag- 
nostic examinations are detailed, including physical, mental, 
neurological, roentenographic, EEG and CAT scan, with a 
number of illuminating illustrations. Beyond that the 
contributors report on symptomatology, pathogenesis and. 
when appropriate, specific treatment therapies. This book 
is a timely and useful compilation of the most advanced 
knowledge on dementia. 


CONTENTS 


Dementia: definition and description 
Charles E. Wells 





Dementia in old age 
H. Shan Nang 

Diseases presenting as dementia 
Gunter R. Haase 


Normal pressure hydrocephalus 
Robert Katzmann 


Viruses and dementia 
Raymond P. Roos and Richard T. Johnson 


The pathology of dementia 
Bernard E. Tomlinson 
Biochemical approaches to dementia 
James O. McNamara and Stanley H. Appel 
The neurological examination in dementia 
George W. Paulson 
The clinical use of psychological testing 
in evaluation in dementia 
Charles E. Wells and Denton C. Buchanan 


The electroencephalogram in dementia 
Wm. P. Wilson, Lilli Musella, M. J. Short 
Radiological techniques in the diagnostic 
evaluation of dementia 
James Lowry, et al 


Diagnostic evaluation and treatment in dementia 
Charles E. Wells 


THE MENTAL STATUS 


EXAMINATION IN NEUROLOGY 


by Richard L. Strub, MD and F. William Black, PhD—Foreword by Norman Geschwind, MD 
New book / 176 pages / 27 illustrations / $7.95 (paper) 


Alone among medical texts, this new book deals exclu- 
sively and comprehensively with the mental status exami- 
nation in neurology. It can help the physician determine 
whether emotional or behavioral change is the result of a 
specific organic brain disease or psychiatric impairment. It 
provides a basis for measuring cognitive and emotional defi- 
cits as well as residual strengths. In some cases, the informa- 
tion gained may relate damage to certain regions of the 
brain. Various tests are described in detail—giving sug- 
gested questions along with clinically useful interpretations 
of the probable answers. As a further practical measure, 
there are two helpful appendices: Standard Psychological 
Tests and Composite Mental Status Examination. Concise 
yet thorough, the book is useful for both the busy practi- 
tioner and the student. 
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Behavioral observations 
Language 

Memory 

Constructional ability 
Higher cognitive functions 
Related cortical functions 
Summary of examination 
Further evaluations 
Standard psychological tests 
Composite mental status examination 








1915 Arch St., Philadelphia, PA 19103 


In Canada: McGraw-Hill Ryerson, Ltd. 
Scarborough, Ontario M1P2Z5 
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Bill me. Payment is due in 30 days. Invoice will include small charge for 
postage and handling. If book is unsatisfactory, it may be returned in good 
condition within 30 days. 
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e when you use both agents concomitantly 
to Anticholinergics as initial therapy, SYMMETREE usually 
goes to work within 48 hours, allowing 


By adding SYMMETREL’ to anti- you to reduce severity of symptoms 
cholinergics, you can provide: while you titrate levodopa for optimal 








benefits 
e a reduction in parkinsonian symptoms e when you add SYMMETREI* to optimal 
over the use of an anticholinergic agent well-tolerated doses of levodopa or 
alone o | carbidopa/levodopa, you add incremental 
e a reduction in anticholinergic dosage patient benefits—reduction of severity 
when the patient is not tolerating anti- of tremor, rigidity, bradykinesia and 
cholinergic medication improvement in functioning. This helps 
If atropine-like side effects occur when to increase the ability of the parkinsonian 
you use SYMMETREL concomitantly patient to carry out normal daily functions 
with anticholinergics, dosage should be better, to help maintain the quality of life 
reduced for one of the two agents. at the best possible level 


e when side effects necessitate your 


TEE reducing levodopa or carbidopa/levodopa 
Parr riga oce ai dosage, you may regain lost benefits 
by the addition of SYMMETREL 


You can add SYMMETREE to levodopa In short, SYMMETREL is an effective 
or carbidopa/levodopa for increased "add-on" antiparkinson agent for optimal 
antiparkinson therapeutic benefits— control in Parkinson's disease. 


Administration of SYMMETREL Capsules 


added to added to | added to 
Anticholinergics | Levodopa | Carbidopa/Levodopa 


100 mg b.i.d. 100 mg q.d./b.i.d. 


NOTE: The initial dose is 100 mg daily for patients 1) with serious 
associated medical illnesses or 2) who are receiving high doses of other 
antiparkinson drugs. 









SYMMETREFP" is a U S. registered trademark of 
E I. du Pont de Nemours & Co. (Inc.); U.S. Pat. 3,310,469 


Endo Laboratories. Inc. 
Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 22 
Garden City, New York 11530 Please see next page for complete prescribing information. 
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DESCRIPTION SYMMETREL® is designated generically 


as amantadine hydrochloride and chemically 
as 1-adamantanamine hydrochloride. 


*HCI 


Amantadine hydrochloride is a stable, white crystalline substance readily soluble in water. It is readily 
absorbed, is not metabolized, and is excreted unchanged in the urine. 


ACTIONS: The mechanism of action of SYMMETREL® in the treatment of Parkinson's disease and 
drug-induced extrapyramidal reactions is not known. It has been shown to cause an increase in 
dopamine release in the animal brain. The drug does not possess anticholinergic activity in animal 
tests at doses similar to those used clinically. 


The antiviral activity of SYMMETREL® against the influenza A virus in humans is not completely 
understood. The mode of action of SYMMETREL® appears to be the prevention of the release of 
infectious viral nucleic acid into the host cell. SYMMETREL* does not appear to interfere with the 
immunogenicity of inactivated influenza A virus vaccine. 


INDICATIONS: Parkinson's Disease/Syndrome and Drug-Induced Extrapyramidal Reactions: 
SYMMETREL® is indicated in the treatment of idiopathic Parkinson's disease (Paralysis Agitans), 
postencephalitic parkinsonism, drug-induced extrapyramidal reactions, and symptomatic 
parkinsonism which may follow injury to the nervous system by carbon monoxide intoxication. It is 
indicated in those elderly patients believed to aevelop parkinsonism in association with cerebral 
arteriosclerosis. In the treatment of Parkinson's disease, SYMMETREL® is less effective than 
levodopa, (-)-3-(3,4-dihydroxyphenyl)-L-alanine, anc its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established. Although anticholinergic type side 
effects have been noted with SYMMETREL* when used in patients with drug-induced extrapyramidal 
reactions, there is a lower incidence of these side effects than that observed with anticholinergic 
antiparkinson drugs. 


Influenza A Virus Respiratory Tract lliness: SYMMETREL® (amantadine hydrochloride) is indicated in 
the prevention (prophylaxis) and symptomatic management of respiratory tract illness caused by 
influenza A virus strains. SYMMETREL* should be considered especially for high risk patients, close 
household or hospital ward contacts of index cases and patients with severe influenza A virus illness. 
In the prophylaxis of influenza due to A virus strains, early immunization as periodically recommended 
by the Public Health Service Advisory Committee on Immunization Practices is the method of choice. 
When early immunization is not feasible, or when the vaccine is contraindicated or not available, 
SYMMETREL® can be used for chemoprophylaxis against influenza A virus illness. Because 
SYMMETREL® does not appear to suppress antibody response, it can be used chemoprophylactically 
in conjunction with inactivated influenza A virus vaccine until protective antibody responses develop. 
There is no clinical evidence that this drug has efficacy in the prophylaxis or symptomatic 
management of viral respiratory tract illnesses other than those caused by influenza A virus strains. 
CONTRAINDICATIONS: SYMMETREL® is contraindicated in patients with known hypersensitivity to 
the drug. 

WARNINGS: Patients with a history of epilepsy or other "'seizures'' should be observed closely for 
possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be followed closely as 
there are patients who developed congestive heart failure while receiving SYMMETREL*. 


Patients with Parkinson's disease improving on SYMMETREL® should resume normal activities 
gradually and cautiously, consistent with other medical considerations, such as the presence of 
osteoporosis or phlebothrombosis. 


Patients receiving SYMMETREL* who note central nervous system effects or blurring of vision should 
be cautioned against driving or working in situations where alertness is important. 


USE IN PREGNANCY: SYMMETREL® has not been studied in pregnant women. The use of this drug in 
EDO-015S 9/77 


women of childbearing age should be undertaken only after weighing the possible risks to the fetus 
against benefit to the patient. SYMMETREL® has been reported to be embryotoxic and teratogenic in 
rats at 50 mg/kg/day, about 12 times the recommended human dose, but not at 37 mg/kg/day. 
Embryotoxic and teratogenic effects were not seen in rabbits which received up to 25 times the usual 
recommended adult human dose. 


NURSING MOTHERS: Since the drug is secreted in the milk, SYMMETREL® should not be 
administered to nursing mothers. 


PRECAUTIONS: SYMMETREL® (amantadine hydrochloride) should not be discontinued abruptly since 
a few patients with Parkinson's disease experienced a parkinsonian crisis, i.e., a sudden marked 
clinical deterioration, when this medication was suddenly Stopped. The dose of anticholinergic drugs 
or of SYMMETREL® should be reduced if atropine-like effects appear when these drugs are used 
concurrently. 


The dose of SYMMETREL* may need careful adjustment in patients with renal impairment, congestive 
heart failure, peripheral edema, or orthostatic hypotension. Since SYMMETREL® is not metabolized 
and is mainly excreted in the urine, it may accumulate when renal function is inadequate. 


Care should be exercised when administering SYMMETREL* to patients with liver disease, a history of 
recurrent eczematoid rash, or to patients with psychosis or severe psychoneurosis not controlled by 
chemotherapeutic agents. Careful observation is required when SYMMETREL® is administered 
concurrently with central nervous system stimulants. 


ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: depression, 
congestive heart failure, orthostatic hypotensive episodes, psychosis, and urinary retention. Rarely 
convulsions, leukopenia, and neutropenia have been reported. 


Other adverse reactions of a less serious nature which have been observed are the following: 
hallucinations, confusion, anxiety, and irritability; anorexia, nausea and constipation; ataxia and 
dizziness (lightheadedness); livedo reticularis and peripheral edema. Adverse reactions observed less 
frequently are the following: vomiting; dry mouth; headache; dyspnea: fatigue, insomnia, and a sense 
of weakness. Infrequently, skin rash, slurred speech, and visual disturbances have been observed. 
Rarely eczematoid dermatitis and oculogyric episodes have been reported. 


OVERDOSAGE: There is no specific antidote. For acute overdosing, general supportive measures 
should be employed along with immediate gastric lavage or induction of emesis. Fluids should be 
forced, and if necessary, given intravenously. The pH of the urine has been reported to influence the 
excretion rate of SYMMETREL® Since the excretion rate of SYMMETREL® increases rapidly when the 
urine is acidic, the administration of urine acidifying fluids may increase the elimination of the drug 
from the body. The blood pressure, pulse, respiration and temperature should be monitored. The 
patient should be observed for hyperactivity and convulsions; if required, sedation, and 
anticonvulsant therapy should be administered. The patient should be observed for the possible 
development of arrhythmias and hypotension; if required, appropriate antiarrhythmic and 
antihypotensive therapy should be given. The blood electrolytes, urine pH and urinary output should 
be monitored. If there is no record of recent voiding, catheterization should be done. The possibility of 
multiple drug ingestion by the patient should be considered. 


DOSAGE AND ADMINISTRATION: Dosage for Parkinsonism: The usual dose of SYMMETREL* 
(amantadine hydrochloride) is 100 mg twice a day when used alone. SYMMETREL* has an onset of 
action usually within 48 hours. 


The initial dose of SYMMETREL* is 100 mg daily for patients with serious associated medical illnesses 
or who are receiving high doses of other antiparkinson drugs. After one to several weeks at 100 mg 
once daily, the dose may be increased to 100 mg twice daily, if necessary. 


Occasionally, patients whose responses are not optimal with SYMMETREL® at 200 mg daily may 
benefit from an increase up to 400 mg daily in divided doses. However, such patients should be 
supervised closely by their physicians. 


Patients initially deriving benefit from SYMMETREL® not uncommonly experience a fall-off of 
effectiveness after a few months. Benefit may be regained by increasing the dose to 300 mg daily. 
Alternatively, temporary discontinuation of SYMMETREL® for several weeks, followed by reinitiation 
of the drug, may result in regaining benefit in some patients. A decision to use other antiparkinson 
drugs may be necessary. 


Concomitant Therapy: Some patients who do not respond to anticholinergic antiparkinson drugs may 
respond to SYMMETREL®. When SYMMETREL® or anticholinergic antiparkinson drugs are each used 
with marginal benefit, concomitant use may produce additional benefit. 


When SYMMETREL® and levodopa are initiated concurrently, the patient can exhibit rapid therapeutic 
benefits. SYMMETREL® should be held constant at 100 mg daily or twice daily while the daily dose of 
levodopa is gradually increased to optimal benefit. 


When SYMMETREL* is added to optimal well-tolerated doses of levodopa, additional benefit may 
result, including smoothing out the fluctuations in improvement which sometimes occur in patients 
on levodopa alone. Patients who require a reduction in their usual dose of levodopa because of 
development of side effects may possibly regain lost benefit with the addition of SYMMETREL* 


Dosage for Drug-induced Extrapyramidal Reactions: The usual dose of SYMMETREL® (amantadine 
hydrochloride) is 100 mg twice a day. Occasionally, patients whose responses are not optimal with 
SYMMETREL® at 200 mg daily may benefit from an increase up to 300 mg daily in divided doses. 


Dosage for Prophylaxis and Symptomatic Management of Influenza A Virus Respiratory Tract 
Iliness: Adult: The adult daily dosage of SYMMETREL* (amantadine hydrochloride) is 200 mg: two 
100 mg capsules (or four teaspoonfuls of syrup) as a single daily dose, or the daily dosage may be 
split into one capsule of 100 mg (or two teaspoonfuls of syrup) twice a day. If central nervous system 
effects develop on once-a-day dosage, a split dosage schedule may reduce such complaints. 


Children: 1 yr.-9 yrs. of age: The total daily dose should be calculated on the basis of 2 mg to 4 mg 
per pound of body weight per day (but not to exceed 150 mg per day). The daily dose, given as the 
Syrup, should be given in two or three equal portions. 

9 yrs.-12 yrs. of age: The total daily dose is 200 mg given as one capsule of 100 mg (or two 
teaspoonfuls of syrup) twice a day. 

Prophylactic dosing should be started in anticipation of contact or as soon as possible after contact 
with individuals with influenza A virus respiratory illness. SYMMETREL® should be continued daily for 
at least 10 days following a known exposure. If SYMMETREL* is used chemoprophylactically in 
conjunction with inactivated influenza A virus vaccine until protective antibody responses develop, 
then it should be administered for 2 to 3 weeks after the vaccine has been given. When inactivated 
influenza A virus vaccine is unavailable or contraindicated, SYMMETREL* should be administered for 
up to 90 days in case of possible repeated and unknown exposures. Symptomatic management of 
influenza A virus illness should be started as soon as possible after onset of symptoms and should be 
continued for 24 to 48 hours after the disappearance of symptoms. 

HOW SUPPLIED: SYMMETREL® (amantadine hydrochloride) 


CAPSULES: (bottles of 100)-each red, soft gelatin capsule contains 100 mg amantadine 
hydrochloride. 


SYRUP: (1 pint)-each 5 ml (1 teaspoonful) of syrup contains 50 mg amantadine hydrochloride. 


Capsules manufactured by R.P. Scherer Corporation, Detroit, Michigan 48213 for 


éndo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) xer 
Garden City, N.Y. 11530 














SOMATOSENSORY EVOKED POTENTIALS. . . 


Stimulate, amplify, average and record them with the 
Nicolet CA-1000 Clinical Signal Averager System 


The somatosensory evoked potential (SEP) is generated by electrical stimulation of 
peripheral nerves and measured from scalp electrodes or from surface electrodes lo- 
cated over the spinal cord. The latency, amplitude and morphology of the evoked po- 
tential waveform are studied to aid in the diagnosis of such problems as peripheral 
nerve disorders, spinal cord disease or damage and brain lesions. 


The CA-1000 is a complete system which provides a current stimulus module with a 
constant current source variable from O to 19.9 milliamperes, a high-gain amplifier, a 
four-input signal averaging computer with built-in selectable filters and artifact rejection 
capability, an oscilloscope display with numerical readout of amplitude and latency and 
an X-Y recorder for patient records. For convenience the complete system is housed in 
a mobile cart. 


For more details on the applications of somatosensory evoked potential measure- 
ments please see the list of references. For more details on the CA-1000 system or to 
arrange a demonstration please phone or write Nicolet. 





NICOLET 
a INSTRUMENT 
CORPORATION 


“innovators in biomedical instrumentation 


5225 Verona Road 
Madison, Wisconsin 53711 
Telephone: 608/271-3333 


References: 

1) Allen, A., Starr, A. 1977. Sensory evoked potentials in the operating room. Neurology. 27:358 

2) Cracco, R. Q. 1973. Spinal evoked response: peripheral nerve stimulation in man. Electroencephalogr. Clin. Neurophysiol. 35:379-86 

3) Desmedt, J.E., Noel, P. 1973. Average cerebral evoked potentials in the evaluation of lesions of the sensory nerves and of the central 
somatosensory pathway. New Developments in Electromyography and Clinical Neurophysiology. 2:352-371 

4) Perot, P. L., Jr. 1973. The clinical use of somatosensory evoked potentials in spinal cord injury. Clin. Neurosurg. 20:367-382. 
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Specific vascular changes are 
revealed by liquid crystalography 


Liquid crystal thermography dynamically demonstrates 
the unilateral surface temperature changes reflective 
of the dilation of deep cerebral arteries during a 
migraine attack. Liquid crystals allow differences 

in skin temperature to be "mapped" directly on the 
subject. Variations in skin heat loss are registered 
immediately, enabling rapid temperature changes to 
be followed easily. (Red reflects the coolest temperature, 
then green, blue, and violet.) 

This picture was taken of a migraine sufferer during an 
attack. The colors over the left eye reflect the cooler 
skin temperature due to the unilateral decreased 

blood flow to the forehead skin vessels that results 
from dilation of cerebral vessels on the affected side. 





S 4 fi th Contraindications: Peripheral vascular disease, coronary heart disease, 
peci 1C erapy hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
Hypersensitivity to any of the components. 


for migraine Precautions: Although signs and symptoms of ergotism rarely develop 


even after long term intermittent use of the orally or rectally administered 
drugs, care should be exercised to remain within the limits of 


e 
complicated by recommended dosage. 
< Adverse Reactions: Numbness and tingling of fingers and toes, muscle 
tension and G I upset pains in the extremities, weakness in the legs, precordial distress 
ane and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 


The combined vasoconstrictive actions of ergotamine and caffeine huit Washes rifv Tuo tablabs at fireiesitinc! altacks It noniled.3 


offer the best therapeutic results in helping to abort or relieve additional tablet every half hour until relieved (maximum, 6 per attack or 
the migraine headache. Additionally, belladonna alkaloids 10 per week). Aecta/ly—One suppository as early as possible in attack; 
; ; "s "ipte apte second in 1 hour, if needed (maximum, 2 per attack or 5 per week). 
help relieve the accompanying gastrointestinal irritability. And Sé hr 
Med Sn : x aD. od Overdosage: Symptoms include vomiting; numbness, tingling, pain and 
the patient's nervous tension, perhaps a precipitating factor in cyanosis of the extremities associated with diminished or absent 
the onset of an attack, is often allayed by the pentobarbital in peripheral pulses; hypertension or hypotension; drowsiness, stupor, coma, 
convulsions and shock. A case has been reported of reversible bilateral 
Cafergot P-B. papillitis with ring scotomata in a patient who received five times the 
recommended daily adult dose over a period of 14 days. Treatment 
consists of induction of emesis, gastric lavage, and catharsis; maintenance 
of adequate pulmonary ventilation; correction of hypotension; and 
control of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
TABLETS: Gynergen® (ergotamine tartrate, U.S.P.) 1 mg.; caffeine, U.S.P., may be used with benefit but caution must be exercised to 
100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as malates) avoid aggravating an already existent hypotension. 


0.125 mg.; sodium pentobarbital, U.S.P., (Warning: May be habit 

forming) 30 mg. 

SUPPOSITORIES: Gynergen® (ergotamine tartrate, U.S.P.) 2 mg.; caffeine, Before prescribing, see package insert 

U.S.P., 100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as for full product information. 

malates) 0.25 mg.; pentobarbital, N.F., (Warning : May be habit forming) 

60 mg.; inactive ingredients: tartaric acid, N.F., malic acid, lactose, U.S.P., 

and theobroma oil, U.S.P. Sandoz Pharmaceuticals, East Hanover, N.J.07936 SANDOZ 75-311 
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Seud manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, Iowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effective Jan 1, 1978, all transmittal letters to the editor should 
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American Medical Association taking action in reviewing and 
editing my submission, the author(s) undersigned hereby trans- 
fers, assigns, or otherwise conveys all copyright ownership to 
the AMA in the event that such work is published by the AMA." 
We regret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessi- 
tate delay in review of the manuscript. 


Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 


Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 em (8% x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 


Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 


References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author(s), (2) title, (3) journal name (as abbreviated in 


Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, (6) 
publisher, and (7) year. Volume and edition numbers, 
specific pages, and name of translator should be included 
when appropriate. The author is responsible for the 
accuracy and completeness of the references and for their 
correct text citation. 

Metrication.—All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 


Send high-contrast glossy prints (not photocopies). Figure 


number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 em (5x7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (85 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 

Legends.—Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
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Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 cm 
(84 x ll-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
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you use SYMMETREL concomitantly patient to carry out normal daily functions 
with anticholinergics, dosage should be better, to help maintain the quality of life 
reduced for one of the two agents. at the best possible level 


e when side effects necessitate your 
reducing levodopa or carbidopa/levodopa 










orto Levodopa or : ! 
RT: | dosage, you may regain lost benefits 
Carbidopa/Levodopa by the addition of SYMMETREL' 
You can add SYMMETREL to levodopa In short, SYMMETREL is an effective 
or carbidopa/levodopa for increased "add-on" antiparkinson agent for optimal 
antiparkinson therapeutic benefits— control in Parkinson's disease. 


Administration of SYMMETREL Capsules 
| added to 


' Alone Anticholinergics | Levodopa | Carbidopa/Levodopa = 
100 mg b.i.d. |... 100 mg q.d./b.i.d. 


NOTE: The initial dose is 100 mg daily for patients 1) with serious 
associated medical illnesses or 2) who are receiving high doses of other 
antiparkinson drugs 











SYMMETREFD* isa U S registered trademark of 
E.l. du Pont de Nemours & Co. (Inc ); U.S. Pat. 3,310,469 


Endo Laboratories. Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) | 
Garden City, New York 11530 = Please see next page for complete prescribing information. 
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DESCRIPTION SYMMETREL® is designated generically 
as amantadine hydrochloride and chemically 
as 1-adamantanamine hydrochloride. 


NH2 
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Amantadine hydrochloride is a stable, white crystalline substance readily soluble in water. It is readily 
absorbed, is not metabolized, and is excreted unchanged in the urine. 


ACTIONS: The mechanism of action of SYMMETREL® in the treatment of Parkinson's disease and 
drug-induced extrapyramidal reactions is not known. It has been shown to cause an increase in 
dopamine release in the animal brain. The drug does not possess anticholinergic activity in animal 
tests at doses similar to those used clinically. 


The antiviral activity of SYMMETREL® against the influenza A virus in humans is not completely 
understood. The mode of action of SYMMETREL® appears to be the prevention of the release of 
infectious viral nucleic acid into the host cell. SYMMETREL* does not appear to interfere with the 
immunogenicity of inactivated influenza A virus vaccine. 


INDICATIONS: Parkinson's Disease/Syndrome and Drug-induced Extrapyramidal Reactions: 
SYMMETREL¥® is indicated in the treatment of idiopathic Parkinson's disease (Paralysis Agitans), 
postencephalitic parkinsonism, drug-induced extrapyramidal reactions, and symptomatic 
parkinsonism which may follow injury to the nervous system by carbon monoxide intoxication. It is 
indicated in those elderly patients believed to aevelop parkinsonism in association with cerebral 
arteriosclerosis. In the treatment of Parkinson's disease SYMMETREL* is less effective than 
levodopa, (-)-3-(3,4-dihydroxyphenyl)-L-alanine, and its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established. Although anticholinergic type side 
effects have been noted with SYMMETREL® when used in patients with drug-induced extrapyramidal 
reactions, there is a lower incidence of these side effects than that observed with anticholinergic 
antiparkinson drugs. 


Influenza A Virus Respiratory Tract Illness: SYMMETREL* (amantadine hydrochloride) is indicated in 
the prevention (prophylaxis) and symptomatic management of respiratory tract illness caused by 
influenza A virus strains. SYMMETREL* should be cons dered especially for high risk patients, close 
household or hospital ward contacts of index cases and datients with severe influenza A virus illness. 
In the prophylaxis of influenza due to A virus strains, early immunization as periodically recommended 
by the Public Health Service Advisory Committee on Immunization Practices is the method of choice. 
When early immunization is not feasible, or when the vaccine is contraindicated or not available, 
SYMMETREL® can be used for chemoprophylaxis against influenza A virus illness. Because 
SYMMETREL® does not appear to suppress antibody response, it can be used chemoprophylactically 
in conjunction with inactivated influenza A virus vaccine until protective antibody responses develop. 
There is no clinical evidence that this drug has efficacy in the prophylaxis or symptomatic 
management of viral respiratory tract illnesses other than those caused by influenza A virus strains. 
CONTRAINDICATIONS: SYMMETREL® is contraindicated in patients with known hypersensitivity to 
the drug. 

WARNINGS: Patients with a history of epilepsy or other ‘seizures’’ should be observed closely for 
possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be followed closely as 
there are patients who developed congestive heart failure while receiving SYMMETREL*. 


Patients with Parkinson's disease improving on SYMMETREL® should resume normal activities 
gradually and cautiously, consistent with other medical considerations, such as the presence of 
osteoporosis or phlebothrombosis. 


Patients receiving SYMMETREL® who note central nervous system effects or blurring of vision should 
be cautioned against driving or working in situations where alertness is important. 


USE IN PREGNANCY: SYMMETREL® has not been studied in pregnant women. The use of this drug in 


-mmn asn m b 


mmetrel 


women of childbearing age should be undertaken only after weighing the possible risks to the fetus 
against benefit to the patient. SYMMETREL® has been reported to be embryotoxic and teratogenic in 
rats at 50 mg/kg/day, about 12 times the recommended human dose, but not at 37 mg/kg/day. 
Embryotoxic and teratogenic effects were not seen in rabbits which received up to 25 times the usual 
recommended adult human dose. 


NURSING MOTHERS: Since the drug is secreted in the milk, SYMMETREL® should not be 
administered to nursing mothers. 


PRECAUTIONS: SYMMETREL® (amantadine hydrochloride) should not be discontinued abruptly since 
a few patients with Parkinson's disease experienced a parkinsonian crisis, i.e., a sudden marked 
clinical deterioration, when this medication was suddenly stopped. The dose of anticholinergic drugs 
or of SYMMETREL® should be reduced if atropine-like effects appear when these drugs are used 
concurrently. 


The dose of SYMMETREL® may need careful adjustment in patients with renal impairment, congestive 
heart failure, peripheral edema, or orthostatic hypotension. Since SYMMETREL® is not metabolized 
and is mainly excreted in the urine, it may accumulate when renal function is inadequate. 


Care should be exercised when administering SYMMETREL® to patients with liver disease, a history of 
recurrent eczematoid rash, or to patients with psychosis or severe psychoneurosis not controlled by 
chemotherapeutic agents. Careful observation is required when SYMMETREL® is administered 
concurrently with central nervous system stimulants. 


ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: depression, 
congestive heart failure, orthostatic hypotensive episodes, psychosis, and urinary retention. Rarely 
convulsions, leukopenia, and neutropenia have been reported. 


Other adverse reactions of a less serious nature which have been observed are the following: 
hallucinations, confusion, anxiety, and irritability; anorexia, nausea. and constipation; ataxia and 
dizziness (lightheadedness); livedo reticularis and peripheral edema. Adverse reactions observed less 
frequently are the following: vomiting; dry mouth; headache; dyspnea; fatigue, insomnia, and a sense 
of weakness. Infrequently, skin rash, slurred speech, and visual disturbances have been observed. 
Rarely eczematoid dermatitis and oculogyric episodes have been reported. 


OVERDOSAGE: There is no specific antidote. For acute overdosing, general supportive measures 
should be employed along with immediate gastric lavage or induction of emesis. Fluids should be 
forced, and if necessary, given intravenously. The pH of the urine has been reported to influence the 
excretion rate of SYMMETREL* Since the excretion rate of SYMMETREL* increases rapidly when the 
urine is acidic, the administration of urine acidifying fluids may increase the elimination of the drug 
from the body. The blood pressure, pulse, respiration and temperature should be monitored. The 
patient should be observed for hyperactivity and convulsions; if required, sedation, and 
anticonvulsant therapy should be administered. The patient should be observed for the possible 
development of arrhythmias and hypotension; if required, appropriate antiarrhythmic and 
antihypotensive therapy should be given. The blood electrolytes, urine pH and urinary output should 
be monitored. If there is no record of recent voiding, catheterization should be done. The possibility of 
multiple drug ingestion by the patient should be considered. 


DOSAGE AND ADMINISTRATION: Dosage for Parkinsonism: The usual dose of SYMMETREL* 
(amantadine hydrochloride) is 100 mg twice a day when used alone. SYMMETREL® has an onset of 
action usually within 48 hours. 


The initial dose of SYMMETREL® is 100 mg daily for patients with serious associated medical illnesses 
or who are receiving high doses of other antiparkinson drugs. After one to several weeks at 100 mg 
once daily, the dose may be increased to 100 mg twice daily, if necessary. 


Occasionally, patients whose responses are not optimal with SYMMETREL® at 200 mg daily may 
benefit from an increase up to 400 mg daily in divided doses. However, such patients should be 
supervised closely by their physicians. 


Patients initially deriving benefit from SYMMETREL® not uncommonly experience a fall-off of 
effectiveness after a few months. Benefit may be regained by increasing the dose to 300 mg daily. 
Alternatively, temporary discontinuation of SYMMETREL® for several weeks, followed by reinitiation 
of the drug, may result in regaining benefit in some patients. A decision to use other antiparkinson 
drugs may be necessary. 


Concomitant Therapy: Some patients who do not respond to anticholinergic antiparkinson drugs may 
respond to SYMMETREL®. When SYMMETREL® or anticholinergic antiparkinson drugs are each used 
with marginal benefit, concomitant use may produce additional benefit. 


When SYMMETREL® and levodopa are initiated concurrently, the patient can exhibit rapid therapeutic 
benefits. SYMMETREL® should be held constant at 100 mg daily or twice daily while the daily dose of 
levodopa is gradually increased to optimal benefit. 


When SYMMETREL?® is added to optimal well-tolerated doses of levodopa, additional benefit may 
result, including smoothing out the fluctuations in improvement which sometimes occur in patients 
on levodopa alone. Patients who require a reduction in their usual dose of levodopa because of 
development of side effects may possibly regain lost benefit with the addition of SYMMETREL* 


Dosage for Drug-induced Extrapyramidal Reactions: The usual dose of SYMMETREL® (amantadine 
hydrochloride) is 100 mg twice a day. Occasionally, patients whose responses are not optimal with 
SYMMETREL® at 200 mg daily may benefit from an increase up to 300 mg daily in divided doses. 


Dosage for Prophylaxis and Symptomatic Management of Influenza A Virus Respiratory Tract 
Iliness: Adult: The adult daily dosage of SYMMETREL® (amantadine hydrochloride) is 200 mg: two 
100 mg capsules (or four teaspoonfuls of syrup) as a single daily dose, or the daily dosage may be 
split into one capsule of 100 mg (or two teaspoonfuls of syrup) twice a day. If central nervous system 
effects develop on once-a-day dosage, a split dosage schedule may reduce such complaints. 


Children: 1 yr.-9 yrs. of age: The total daily dose should be calculated on the basis of 2 mg to 4 mg 
per pound of body weight per day (but not to exceed 150 mg per day). The daily dose, given as the 
syrup, should be given in two or three equal portions. 


9 yrs.-12 yrs. of age: The total daily dose is 200 mg given as one capsule of 100 mg (or two 
teaspoonfuls of syrup) twice a day. 


Prophylactic dosing should be started in anticipation of contact or as soon as possible after contact 
with individuals with influenza A virus respiratory illness. SYMMETREL® should be continued daily for 
at least 10 days following a known exposure. If SYMMETREL® is used chemoprophylactically in 
conjunction with inactivated influenza A virus vaccine until protective antibody responses develop, 
then it should be administered for 2 to 3 weeks after the vaccine has been given. When inactivated 
influenza A virus vaccine is unavailable or contraindicated, SYMMETREL® should be administered for 
up to 90 days in case of possible repeated and unknown exposures. Symptomatic management of 
influenza A virus illness should be started as soon as possible after onset of symptoms and should be 
continued for 24 to 48 hours after the disappearance of symptoms. 


HOW SUPPLIED: SYMMETREL® (amantadine hydrochloride) 


CAPSULES: (bottles of 100)-each red, soft gelatin capsule contains 100 mg amantadine 
hydrochloride. 


SYRUP: (1 pint)-each 5 ml (1 teaspoonful) of syrup contains 50 mg amantadine hydrochloride. 


Capsules manufactured by R.P. Scherer Corporation, Detroit, Michigan 48213 for 


Endo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) TT 
Garden City, N.Y. 11530 


CONTINUING EDUCATION AT 
THE REHABILITATION INSTITUTE OF CHICAGO 


—THE HEMIPLEGIC SHOULDER —ELECTROMYOGRAPHY AND CLINICAL NEUROPHYSIOLOGY 
April 27-28, 1978 August 16-18, 1978 

Paul Kaplan, M.D., Course Chairman lan MacLean, M.D. 

Guest Faculty: Rene Cailliet, M.D. 

Melvin Post, M.D. 


—RECENT ADVANCES IN MANAGEMENT OF THE —PERSPECTIVES IN CHRONIC MEDICINE 
SPINAL CORD INJURED PATIENT September 20-23, 1978 
September 11-15, 1978 Paul Kaplan, M.D., Richard Hughes, M.D. 
Bhupendra Agrawal, M.D., F.R.C.S., Course Chairman 
Course Chairman Guest Faculty: Ernest Johnson, M.D., 
Justice Lehman, M.D., Robert Petersdorf, M.D. 
James Warren, M.D. 


For further 1978 Continuing Education Course listings Information, and Registration, Write: 
Don A. Olson, Ph.D. 
Director of Education & Training 
Rehabilitation Institute of Chicago 
345 E. Superior 
Chicago, Illinois 60611 
or call: (312)-649-6179 


THE PAGE AND WILLIAM BLACK The Dent Neurologic Institute 
POST-GRADUATE SCHOOL OF MEDICINE Presents a Workshop On: 
of The MOUNT SINAI SCHOOL OF MEDICINE (CUNY) The Aneurysm Patient 
Preoperative and Postoperative Care 
June 10-11, 1978 
Sheraton Inn—Buffalo East 
Buffalo, New York 


Announces 
Postgraduate Courses 


DIAGNOSIS AND TREATMENT OF AFFECTIVE 

DISORDERS: ADVANCED CONSIDERATIONS .«Mor- Guest Faculty 

timer Ostow, M.D. January 28 and February 4, 1978, Saturdays, Maurice Albin, M.D. Pittsburgh, Pennsylvania 
10:00 A.M. to Noon (2 Sessions). Fee $100. J. M. Allcock, M.D. London, Ontario 


CLINICAL NEUROLOGY. Melvin D. Yahr, M.D., Howard Li: EPI, ce fni wa Kork 
Krieger, M.D., and Faculty of Department of Neurology. March 27- i io a e ARD Cond ERAN y MS RN 


, : : Sydney J. Peerless, M.D. London, Ontario 
31, 1978, Monday through Friday, 9:30 A.M. to 5:00 P.M. (5 Jodech Ranschoft t; MD: Nils York, New York 
Sessions). Fee $300. 


Robert H. Wilkins, M.D. Durham, North Carolina 
WHAT'S NEW IN HEADACHE. David R. Coddon, M.D., The course will include a detailed analysis of current 
Course Director, Andrew Berger, M.D.; Hugh Biller, M.D., Gerard therapy of the aneurysm patient from day of admission 
Lehrer, M.D., Roger Levy, M.D., Theodore Lieberman, M.D., Ved to longterm follow-up. 
P. Sachdev, M.D., Howard Zucker, M.D., and others from The Registration Fee: $165.00 (Residents: $85.00) 
Mount Sinai School of Medicine Faculty. May 19, 1978, Friday, Information 
9:00 A.M. to 5:00 P.M. (1 Session). Fee $50. Walter Grand, M.D. 
Dent Neurologic Institute of 
APPLY TO: Director, The Page and William Black Post-Graduate Millard Fillmore Hospital 
School of Medicine, Mount Sinai School of Medicine, One Gustave d Gates Purcle 
Buffalo, NY 14209 
L. Levy Place, New York, New York 10029. Telephone Number: (716) 886-2058 
(212) 650-6737. 








Omninmoedical 


It took a small company 
to think big enough 

to reduce the size 

and cost of CT. 


We cut the cost of CT to under $120,000, but not at 
the price of reducing image quality. Introducing 
the Omnimedical Model 4001 CT Head Scanner. 


We had to do it. Because at Omnimedical, offering 
our customers the latest advances and important new 
modalities in medicine, at affordable prices, has 
always been our business. But when we decided to 
offer CT Scanning, we priced available systems and 
found this to be an impossible task. So we chose to 
develop a system of our own. 


We did it by bringing the right people together and 
supplying them with the concept of a high-quality, 
low-cost scanner. They, in turn, supplied the creative 
and innovative thinking to transform state-of-the-art 
technology into a uniquely designed system. 


By making intelligent use of today's technology, we 
looked into the future, as well as the needs of today. 
Our Model 4001 incorporates precision electronics, 
including a 256 x 256 display and compute matrix, to 
provide both high-quality density and spacial resolution. 
And throughout, the 4001 is designed for simple 
operation, reliability, and ease of servicing. 


CT for under $120,000. Sometimes you have to 
think big, to think smaller. 


Seeing is believing, so stop by our booth at the 
Mid-Winter show in March. 


Omnimoedical 


16312 Garfield Ave. * Paramount, California 90723 
Call collect (213) 633-6660 
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Methylphenidate works 





Then why Cylert. for MBD? 


(pemoline) 


Because Cylert offers a lot: 


* Once-a-day dosage at home 


* Elimination of mid-day school dose and need for school 


personnel supervision 


* Avoids ups and downs of drug action brought about by multiple 


daily dosage 


* Control of medication by the parent 


e A chewable dosage form, 37.5 mg tablet. 


* Less physician paper work (Cylert is in schedule IV) 


e Safety and efficacy proven in extensive clinical studies* 
*Copy of the Cylert Monograph available on written request. 


Dosage and administration 


Cylert (pemoline) is administered as a 
single oral dose each morning. 


The recommended starting dose is 

37.5 mg/day. This daily dose should be 
gradually increased by 18.75 mg at one 
week intervals until the desired clinical 
response is obtained. The effective daily 
dose for most patients will range from 
56.25 to 75 mg. The maximum recom- 


mended daily dose of pemoline is 112.5 mg. 


Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth 
week of drug administration. Drug 
administration should be interrupted 
occasionally (once or twice a year) to 
determine if behavioral symptoms are 
sufficient to require continued therapy. 


When not to üse medication 


Cylert should not be used for (and will not 
be effective in) simple cases of overactivity 
in school age children. 


Neither should it be used in the child who 
exhibits symptoms secondary to environ- 
mental factors and/or primary psychiatric 
disorders, including psychosis. 


The physician should rely on a complete 
history of the child and a thorough 
description of symptoms from both 
parents and teacher before postulating 

a diagnosis of MBD. 


; ABBOTT | 


Please see next page for Brief Summary. 
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Cylert and Cylert Chewable Tablets 
(pemoline) 
Eok Information © 


Indications: M/N/MAL BRAIN DYSFUNCTION IN CHILDREN —as 
Ep therapy to other remedial measures (psychological, educational, 
social). 

Special Diagnostic Considerations: The cause of minimal brain dysfunction 
(MBD) is unknown. Diagnosis of MBD involves the use of medical. 
psychological, educational, and social tools, since no single diagnostic test is 
adequate. 

MBD is characterized by chronic moderate to severe hyperactivity, short 
attention span, distractibility, emotional lability, and impulsivity. 
Nonlocalizing (soft) neurological signs, learning disability, and abnormal 
EEG may or may not be present. The diagnosis of MBD must be based upon 
a complete history and evaluation of the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all children with MBD. In the primary 
therapy of MBD, appropriate educational placement is essential and 
psychosocial intervention is generally necessary. When these measures alone 
are insufficient, the decision to prescribe stimulant medication will depend 
upon the physician's assessment of the chronicity and severity of the child's 
symptoms. Stimulants are not intended for use in the child who exhibits 
symptoms secondary to environmental factors and/or primary psychiatric 
disorders, including psychosis. 


Contraindications: Cylert (pemoline) is contraindicated in patients with 
known hypersensitivity or idiosyncrasy to the drug. (See ADVERSE 
REACTIONS.) 


Warnings: Cylert is not recommended for children less than 6 years of age 
since its safety and efficacy in this age group have not been established. 

Sufficient data on the safety and the efficacy of the long-term use of Cylert 
in children with minimal brain dysfunction are not yet available. 

A temporary suppression of the predicted growth rate (weight and/or 
height gain) has been reported for children receiving long-term stimulant 
therapy. A definite causal relationship between stimulant drugs and this 
finding has not been established. 


Precautions: Liver function tests should be performed periodically during 
therapy with Cylert. The drug should be discontinued if abnormalities are 
revealed and confirmed by follow-up tests. (See ADVERSE REACTIONS 
regarding reports of abnormal liver function tests and jaundice.) 

Cylert should be administered with caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs has not been studied in humans. 
Patients who are receiving Cylert concurrently with other drugs, especially 
drugs with CNS activity, should be monitored carefully. 

Cylert failed to demonstrate a potential for self-administration in primates. 
However, the pharmacologic similarity of pemoline to other 
psychostimulants with known dependence liability suggests that 
psychological and/or physical dependence might also occur with Cylert. 


. There have been isolated reports of transient psychotic symptoms occurring 


in adults following the long-term misuse of excessive oral doses of pemoline. 
Cylert should be given with caution to emotionally unstable patients who 
may increase the dosage on their own initiative. 

Usage during Pregnancy and Lactation: Tae safety of Cylert (pemoline) for 
use during pregnancy and lactation has not been established. 

Fertility, reproduction, and teratology studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 mg./kg./day, had no effect on the 
fertility of male or female rats. The drug, when given to pregnant rats (from 
gestation day 15 through weaning) and to rabbits (from gestation days 6-18) 
at these same dosage levels, produced no teratogenic or embryotoxic effects, 
and had no effect on the viability of the young at birth. However, increased 
incidences of stillbirths and cannabilization were observed when pemoline 
was given to rats at these dosage levels, beginning 14 days prior to conception. 


Adverse Reactions: Insomnia is the most frequently reported side effect of 
Cylert; it usually occurs early in therapy, prior to an optimum therapeutic 
response. In the majority of cases it is transient in nature or responds to a 
reduction in dosage. 

Anorexia with weight loss may occur during the first weeks of therapy. In 
the majority of cases it is transient in nature; weight gain usually resumes 
within three to six months. 

Stomach ache, skin rashes, increased irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum LDH have occurred in patients 
taking Cylert, usually after several months cf therapy. These effects appear to 
be reversible upon withdrawal of the drug, and are thought to be 
manifestations of a delayed hypersensitivity reaction. There have also been a 
few reports of jaundice occurring in patients taking Cylert; a causal 
relationship between the drug and this clinical finding has not been 
established. 

There have been reports of dyskinetic movements of the lips, face, and 
extremities occurring with the use of Cylert. Convulsive seizures have also 
been reported. A definite causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early during the course of treatment with 
Cylert often remit with continuing therapy. If adverse reactions are of a 
significant or protracted nature, dosage should be reduced or the drug 
discontinued. 


How Supplied: Cylert (pemoline) is supplied as monogrammed, grooved 
tablets in three dosage strengths: 
18.75 mg. tablets (yellow-colored) in bottles of 100 (NDC 0074-6025-13) 
37.5 mg. tablets (orange-colored) in bottles of 100 (NDC 0074-6057-13) 
75 mg. tablets (tan-colored) in bottles of 100 (NDC 0074-6073-13) 
Cylert Chewable is supplied as monogrammed, grooved tablets in one 


dosage strength: 
37.5 mg. tablets (orange-colored) c) 
in bottles of 100 (NDC 0074-6088-13) 
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NORTHWESTERN UNIVERSITY 
MEDICAL SCHOOL 
DIVISION OF NEUROSURGERY 


Anthony J. Raimondi, M.D., Program Chairman 
Francisco A. Gutierrez, M.D., Program Director 


2nd ANNUAL POSTGRADUATE COURSE. 
PEDIATRIC NEUROSURGERY 


AND 
Ist ANNUAL POSTGRADUATE COURSE 


Pediatric Neurosurgery 
For Nurses 


June 27-July 1, 1978 
Chicago, Illinois 


For Information: 
ALUMNI CENTER FOR 
CONTINUING EDUCATION 
301 EAST CHICAGO AVENUE 
CHICAGO, ILLINOIS 60611 
(812) 649-8533 





The Continuing Education office of 
Baylor College of Medicine announces 


PRACTICAL VISUAL ELECTRODIAGNOSIS 
a course 


April 8, 9, 1978 
Houston, Texas 


Faculty: Robert P. Borda, Ph.D. Alice R. McPherson, M.D. 
Robert W. Knighton, Ph.D. A. Linn Murphree, M.D. 
John A. McCrary, IIl, M.D. 


This course emphasizes practical clinical applications of 
the visual evoked response, the electroretinogram and the 
electrooculogram. Participants are given the opportunity to 
practice recording and measuring techniques. Approved for 


14 Category 1 credit hours. 


Tuition: $250.00 
Sponsored by: 


Departments of Neurology and Ophthalmology 
Baylor College of Medicine 
Houston, Texas 


For further information contact: 


Robert P. Borda, Ph.D. 

Visual Electrodiagnostic Laboratory 
Neurophysiology Service 

The Methodist Hospital 

Texas Medical Center 

Houston, Texas 77030 

(713) 790-3105 


Enrollment limited. 





imbalance 


a central problem 
in the management of Parkinson’s disease 





Posed by professional models 


by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
parkinsonian patient back into balance 
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See last page of advertisement for brief summarv of prescribing information. 


a combination of 
carbidopa and levodopa 





Sineme 


can mean aworld of difference 
for some parkinsonian patients... 





Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson's disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson's 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hvpersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 








) 


and that difference 
often depends on proper dosage 








Start with SINEMET-25/250 535 ^c iedops ^ cops ane 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa-the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 tor optimal 
control of the symptoms of Parkinson's disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. ^ time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a usetul sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 
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When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET should not be 
iven concomitantly. MAO inhibitors must be discontinued at 
feas 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than. with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 





function should be monitored with particular care during perioc 
of initial dosage adjustment, in a facility with provisions foi 
intensive cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. | 

Usage in Pregnancy and Lactation: Although effects ot 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use ot 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully tor changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten - 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyline, see the contraindication on MAO inhibitors.) 

since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson's disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
Observed for loss of antiparkinsonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
eas (the “on-off” phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; Consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sweating, 
bizarre breathing patterns, urinary retention, urinary inconti- 
nence, diplopia, blurred vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense ot 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and 
activation of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. J65102 R1 (DC 6834801) 
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Pattern Shift Visual Evoked Responses 


Two Hundred Patients With Optic Neuritis and/or Multiple Sclerosis 
Fereydoun Shahrokhi, MD; Keith H. Chiappa, MD; Robert R. Young, MD 


e Fifty-one patients with clinically pure 
optic neuritis (ON) and 149 with possible, 
probable, or definite multiple sclerosis 
(MS) were tested with pattern shift visual 
evoked responses (PSVER) and com- 
pared with a group of 43 normal subjects. 
Attention was paid to response latency, 
intereye latency difference, as well as 
differences in amplitude or duration of the 
major positive peak (P100). Abnormal 
PSVER cannot be recorded from everyone 
with confirmed ON. Abnormal responses 
were recorded from 91% of all patients 
(including those with MS) who had a 
history of ON, 57% of all MS patients, and 
36% of patients without a history of ON or 
an abnormal eye examination. Measure- 
ments of amplitude and duration proved 
to be of little value in this setting. Though 
abnormalities of PSVER are not “specif- 
ic" for ON or MS, because they also result 
from other disease processes, they afford 
more reliable, quantitative documentation 
of abnormal conduction in visual path- 
ways than any other clinical test. 

(Arch Neurol 35:65-71, 1978) 


Rp shift visual evoked re- 
sponses (PSVER) have been used 
to study conduction in visual path- 
ways in patients with a variety of 
diseases, including clinically pure op- 
tie neuritis (ON) and multiple sclerosis 
(MS) with or without ON." Halliday 
et al^ found significant delays in the 
PSVER latency in 49 (96%) of 51 
patients with MS. Only 24 of these 
patients gave a history suggestive of 
ON, and only 28 had evidence of optic 
atrophy. Eight of these patients had 
no concomitant abnormalities of vi- 
sual acuity, pupillary function, visual 
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fields, or optic fundi despite a detailed 
ophthalmological examination. Assel- 
man et al’ reported an increased 
latency of PSVER in 34 (67%) of 51 
patients with MS. They found a 
delayed PSVER latency in all eyes in 
which there was convincing history of 
a previous episode of optic neuritis, 
and noted an increasing incidence of 
abnormality with increasing proba- 
bility of MS by the criteria of McAI- 
pine et al" This was confirmed by 
Mastaglia et al, who reported abnor- 
mal PSVER latencies in 8395 of 23 
patients with definite MS vs 33% in 45 
with probable or possible MS. Zeese’® 
found abnormal PSVER latencies in 
77% of 26 patients with MS. 

Our testing of more than 200 
patients with ON and/or MS confirms 
the clinieal utility of PSVER but 
differs in certain important respects 
from previously published data. For 
example, not every one of these 
patients who has had optic neuritis 
continues to have an abnormal 
PSVER. We also attempted to deter- 
mine if routine measurement of 
parameters of PSVER other than la- 
tency prove useful in increasing the 
yield of abnormal tests in patients 
with ON (alone or as part of MS). We 
have explored the importance of mea- 
suring the amplitude and duration of 
PSVER, previous studies having been 
restricted to assessments of latency. 
Because our material is by far the 
largest yet reported, we feel justified 
in presenting it together with a 
review of the previous literature. 


PATIENTS AND METHODS 


Forty-three control subjects were stud- 
ied. Twenty-one of these were healthy 
volunteers. The remaining 22 subjects were 
patients with headaches or other com- 
plaints unrelated to their eyes who had no 
abnormal neurological signs. All subjects 
had a corrected visual acuity of better than 
20/30, normal fields .on* confrontation, 
normal optic disks, and. normally reactive 
pupils. None of the subjects had a piratory 


of any disease (other than a refractive 
error) related to eyes or the central nervous 
system. The age range was 20 to 64 years 
for the normal volunteers and 16 to 68 
years for the patient control group. Data 
from 200 consecutive patients who were 
referred for PSVER to this laboratory by 
physicians at the Massachusetts General 
Hospital and the Massachusetts Eye and 
Ear Infirmary and who fulfilled strict 
criteria for a diagnosis of ON or MS were 
used in this study. Of these, 51 patients 
(age range, 18 to 59 years) had a definite 
history of clinically pure ON (at the time of 
examination or at any time in the past), 
and 149 others (age range, 20 to 66 years) 
carried a diagnosis of possible, probable, or 
definite MS based on McAlpine and 
colleagues’ criteria.” 

The responses to 128 side-to-side rever- 
sals of a black-and-white checkerboard 
pattern were recorded from the scalp and 
averaged following stimulation of each eye 
separately. Although visual acuity has 
little effect on latency of PSVER, subjects 
and patients were permitted to wear 
glasses if this afforded a better view of the 
pattern. The difference in luminance 
between the small white-and-black squares 
was 1.7 log foot-lamberts at 1 m in the 
darkroom under the usual test conditions. 
The entire checkerboard covered 8.7° of 
central vision, and the width of each small 
square was 25.8 minutes of are. The 
pattern was presented by a commercial 
device in which a slide is projected via a 
mirror onto the rear of a translucent 
screen. A stimulator triggers small rotary 
movements of the mirror back and forth 
around its vertical axis every 750 msec. The 
movements of the mirror are adjusted to 
give a side-to-side pattern shift of one 
square (“pattern reversal”). Scalp record- 
ing was done between a point 3 em above 
the inion in the midline and the vertex 
(CZ), with the subject sitting upright 1 m 
in front of the screen, fixating on a small 
red dot in its center. This location of the 
occipital electrode corresponds to the occip- 
ital pole (and, based on our six autopsy 
observations, roughly to the midportion of 
the calearine fissure). Simultaneous refer- 
ence recordings show that the vertex elec- 
trode contributes activity that is usually 
reversed in polarity and lower in amplitude 
than the activity seen at the occipital elec- 
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Fig 1.—Top, Bilaterally normal PSVER. Positivity is downward. Calibration is 50 msec and 
2.5 uV. Center, Abnormal PSVER from left eye. Note increased duration as well as 
latency of PSVER from left eye. Bottom, Bilaterally abnormal PSVER with both latencies 


prolonged. 


trode, but with the same latency. Differen- 
tial "bipolar recording" between these two 
sites thus gives a higher amplitude 
response than is obtained by referential 
recording to any single site. This samma- 
tion is particularly helpful in producing 
well-formed responses in abnormal situa- 
tions. The amplification and averaging are 
obtained from an eight-channel electroen- 
cephalograph and an averager with cigital- 
ized resolution time of 0.5 msec. Recording 
is routinely done with a low linear 
frequency filter setting of 0.3 Hz and the 
high frequency filter set at 70 Hz. The EEG 
is routinely recorded on one channel to 
detect (and allow us to eliminate) artifacts. 
The PSVER tracings, which characteristi- 
cally show a down-going major positive 
peak at approximately 100-msee latency 
(P100), are displayed on a cathode ray 
oscilloscope and photographed. After 128 
stimuli, if the major positive peak is not 
seen distinctly, 256, 512, or, occasionally, a 
higher number of pattern reversals are 
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presented. The latency measurements (ac- 
curate to + 2 msec) are made from the 
signal triggering the mirror movement to 
the first major positive peak, and the 
amplitude of this peak from the baseline 
was measured. Pilot studies showed that 
the effects of fatigue and habituation on 
the amplitude of the peak were small, and 
they were disregarded. Duration is mea- 
sured from the beginning of this positive 
peak to the point where its negative-going 
limb eventually reaches the baseline. In 
less than 5% of the patient group, a W- 
shaped response was recorded in which the 
second positive peak may be larger, 
smaller, or equal in amplitude to the first. 
Our poliey is to measure to the midpoint of 
the total positive defection. 


RESULTS 
Control Groups 
Examples of normal PSVER are 


seen in Fig 1, top, and in the top half 
of Fig 1, center. Normal values for 
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selected variables are shown in Table 
l and plotted in Fig 2 and 3. There was 
little difference in any variable 
between the normal volunteer group 
and the patient controls (for example, 
mean latency of PSVER of the former 
was 103.4 msec vs 101.3 msec for the 
latter). 


Criteria for Abnormality 


For the purposes of this study, “ab- 
normality” is defined as one of the 
following: (1) a latency in excess of 116 
msec, a value greater than any 
observed in our control groups and 
more than 2.5 SD above our normal 
mean; (2) a latency difference between 
the two eyes of more than 8 msec; (3) 
an amplitude difference between the 
two eyes of more than 6 nV; (4) failure 
to record a measurable response 
(always associated with a visual acuity 
of 20/200 or worse [see "Comment"]). 
Because those parameters of PSVER 
other than latency have not yet been 
generally accepted as useful, we are 
even more strict in our definitions of 
abnormality concerning them and 
require that they exceed our normal 
means by more than 3SD. Only eight 
ON or MS patients who have "normal 
latencies” will be considered to have 
an abnormal PSVER because of an 
excessive latency difference, and only 
two patients with normal latencies 
and latency differences have an 
amplitude difference abnormality 
(Table 2). 


Clinically Pure 
Optic Neuritis Group 


Of 59 eyes (51 patients) with a 
history of clinically pure ON, eight 
show no measurable peak despite a 
prolonged search for it. Studies of the 
remaining 51 eyes produce a signifi- 
cantly prolonged (P < .005) mean 
PSVER latency of 132.3 msec, with a 
range of 89 to 192 msec. Among these 
51, there are four eyes with normal 
latencies but from which the PSVER 
was classified as abnormal because of 
a significant latency difference be- 
tween the patients' two eyes. The 
PSVER is normal from one eye on 
both these criteria but was classified 
as abnormal because of an amplitude 
difference (Table 2). The PSVER 
from both eyes of one patient and one 
eye of another are completely normal 
despite a history of ON in all three 
eyes. Thus, 49 of the 51 patients in this 
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Normal Volunteer Eyes (n=42) 


Normal Patient Eyes (n=44) 


LATENCY, m sec 
Fig 2.—Distribution of PSVER latencies in normal group (N = 86). 





Mean 
Latency, msec 
First major positive peak 
Difference between 
two eyes 
Amplitude, uV 
First major positive peak 
Difference between 
two eyes 
Duration, msec 
First major positive peak 
Difference between 
two eyes 
















Table 1.—Combined Latency, Amplitude, and Duration Data From PSVER 
Recorded From 86 Eyes of 43 Subjects* 


Range SD Mean +3 SD 

















*Twenty-one normal volunteers and 22 patient controls. 


group (96%) have an abnormal PSVER 
from at least one eye (Table 3). 
Furthermore, in six of these 51 the 
other eye and in one patient both eyes 
function even more poorly since no 
PSVER can be recorded from stimula- 
tion of them. 

A subgroup of 24 of the 51 patients 
with clinically pure ON has by history 
and PSVER only one affected eye (a 
recordable PSVER with latency of 
greater than 116 msec) (Fig 1, center). 
This group is studied with particular 
attention to the duration of the 
response. The mean difference be- 
tween the duration of the positive 
peaks from the two eyes in these 24 
patients is 25.1 msec (range, 0 to 77.8), 
much greater than that for normals 
(P < .0005) (Table 1). If an abnormal 
difference in duration is defined as 12 
msec or greater, 19 of the 24 patients 
(79%) have such an abnormality. 


Multiple Sclerosis Group 
The PSVER from the 75 historically 
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affected eyes (in 62 of all 149 patients 
in the MS groups) shows a latency 
range of 96 to 224 msec (mean, 136.6 
msec, P < .005). The incidence of a 
clinical history of ON in the whole 
group of 149 patients shown in Table 3 
is 42% overall but as high as 68% in the 
definite MS group. The incidence of 
abnormal PSVER is 57% in all 149 MS 
patients, with a high of 82% in the 
definite MS group. Of the 62 MS 
patients (75 eyes) with a history of 
ON, 54 or 87% have an abnormal 
PSVER in one (Fig 1, center) or both 
eyes (Fig 1, bottom). When the pure 
ON group is added to this, 103 of 113 
patients (91%) with at least one histor- 
ically affected eye have an abnormal 
PSVER (Table 3). Of 87 MS patients 
who have no history or evidence of 
optic nerve involvement in either eye, 
31 (86%) have an abnormal PSVER 
(mean latency, 131.5 msec); in 19 of 
these patients, the abnormalities are 
bilateral. There are also 13 patients in 
the MS group of 44 with historically 
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Fig 3.—Distribution of PSVER latency 
differences between two eyes of each of 
control group subjects. Absolute values 
are shown (N = 43). 


unilateral optic involvement who have 
an abnormal PSVER in both eyes. 
Thus, 44 of 149 patients (30%) or 63 of 
218 (29%) of all eyes in the MS group 
that have no history of optie nerve 


involvement (50 or 174 eyes at risk in 


the first group of 87 patients and 
13 of 44 eyes at risk in the second 
group) nevertheless have an abnormal 
PSVER. It should be stressed that the 
major positive peak is significantly 
delayed even when the visual aeuity is 
normal and when the PSVER is 
recorded as long as 18 years after the 
last clinical attack of ON. Also, the 
preceding negative peak, which in 
controls is almost invariably present, 
is frequently lacking in the abnormal 
PSVER. 


Combined Groups 


Among all patients with historically 
affected eyes (118 patients, or 134 
eyes in all groups), the mean PSVER 
latency is significantly prolonged at 
139.7 msec (P < .001) (Fig 4) and is 
abnormal in 123 eyes (92%). There are 
ten patients (11 eyes) who, in spite of 
a confirmed history of optic neuritis, 
have entirely normal PSVER. Four 
are from the definite MS group with a 
central scotoma and an afferent 
defect of pupillary response at the 
onset of their optic neuritis from 5 to 
1% years previously. Two others are 
from the ON group, with one of these 
having an attack in the right eye and 
multiple attacks in the left eye 
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starting eight years before, with the 
last attack one month prior to the 
PSVER. These patients also had 
confirmed central scotomata and Mar- 
cus-Gunn pupils. Vision in all ten 
patients had recovered, and they have 
normal findings on ophthalmological 
examination (visual acuity from 20/20 
to 20/30) at the time the PSVER is 
recorded. 

The eight eyes of the seven patients 
in the ON group from whom no detect- 
able peak could be recorded have poor 
visual acuities (20/200 in five and 20/ 
400 in three). The acuity of the other 
patients is 20/200 or better, with 73 
eyes having a visual acuity of 20/20 to 
20/30 at the time the abnormal 
PSVER is recorded. Of the eight 
patients who have normal lazencies 
but abnormal latency differences and 
the two patients whose only abnor- 
mality was an amplitude difference 
(Table 2), seven had had a eentral 
scotoma, four optic atrophy, three 
papillitis, and five an afferent pupil- 
lary defect. The worst visual acuity in 
these patients at the time of PSVER 
was 20/70. The time since the most 
recent attack varied from seven days 
to five years. Overall review reveals 
no clue as to what separates these few 
from the large number of patients 
with longer PSVER latencies. 


COMMENT 


This study and previous ones (Table 
4) have used patients with known ON 
and patients with MS in whom there is 
a predilection for demyelinating le- 
sions of the optic nerve’ to test the 
utility of PSVER by demons:rating 
"abnormalities" in these patient 
groups in contrast to values obtained 
from a group of normal subjects. (A 
more recent article by Celesia and 
Daly“ deals with the incidence of 
abnormal visual evoked responses in 
patients with MS in a fashion similar 
to that of the current report.) All 
assume that PSVER abnormalities in 
the patient group reflect lesions, 
symptomatic or otherwise, of the 
visual pathways, but there has, in fact, 
been no clear-cut pathological proof of 
this assumption. One other as- 
sumption, probably erroneous, is that 
all patients diagnosed as having possi- 
ble (or even probable) MS do in fact 
have demyelinating disease" and 
should have an abnormal PSVER. 
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Latency, msec 
Optic neuritis 


Amplitude, uV 
Optic neuritis 
1 


Multiple sclerosis 
2 





Table 3.—Incidence of Abnormal PSVER in Multiple Sclerosis (MS) and Optic 





Neuritis (ON) Groups 


No. (96) of Subjects 


mwaa 
Definite Probable Possible Total 
MS patients with history of ON 37/41 10/11 7/10 54/62 (87) 


MS patients without history of ON 


12/19 


14/35 5/33 31/87 (36) 


All patients with MS 49/60 (82) 24/46 (52) 12/43 (28) 85/149 (57) 
Pure ON group za TA ny 49/51 (96) 
All patients with history of ON ulis re "T 103/113 (91) 


Once a high incidence of PSVER 
abnormalities is demonstrated in a 
group of patients with ON and/or MS, 
the PSVER can then be used with 
some degree of reliability as a diag- 
nostic tool for the verification of clin- 
ical or subclinical lesions of the optic 
pathways in new patients. 

The PSVER represents a consid- 
erable improvement in this respect 
when compared with the visual evoked 
response produced by the usual photic 
stimulus (a stroboscopic flash). The 
shape and therefore latency of the 
flash-evoked response is extremely 
variable from one subject to the next, 
and it has been demonstrated that 
flash-evoked responses do not show 
the striking delayed latency in the 
same patients with ON in whom 
PSVER is clearly abnormal? Move- 
ment of the black-and-white checker- 
board to produce the "pattern rever- 
sal” is unaccompanied by any net 
change in luminance, whereas such 
changes are very marked with photic 
stimuli. In studies such as ours in 
which a rotating mirror is used to 
move the pattern from side to side, 
one possibly important aspect of the 
stimulus, as judged from animal stud- 
ies, is the movement of a number of 


contrast borders between black-and- 
white squares back and forth across 
the retina. Other techniques of pat- 
tern stimulation using two alternately 
active projectors, a television screen," 
or arrays of light-emitting diodes also 
produce a pattern reversal, but with 
these stimuli there is no physical 
movement of contrast borders. 
Whether the responses evoked by 
these two quite different types of 
pattern stimulators are comparable 
under normal circumstances and 
equally useful in the confirmation of 
lesions in the visual pathways remains 
to be proved. Hennerici et al" 
compared pattern reversal stimuli 
(using a television screen) with off-on 
stimuli in which a small illuminated 
rectangle subtending 45 minutes of 
the patient’s central visual area is 
switched on and off. The latter tech- 
nique yeilded a higher percentage of 
abnormality than the former in their 
study of patients suspected of having 
MS. The clinical utility of this tech- 
nique remains to be confirmed. It is 
also important to note that the abso- 
lute values of latency depend on a 
number of technical variables (partic- 
ularly concerning stimulation), so that 
each laboratory cannot expect its 
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Fig 4.—PSVER latencies of control group (N = 86) compared with those recorded from 
all eyes with history of optic neuritis (N = 134). 


Table 4.—Incidence of Abnormalities of PSVER in Patients With Optic Neuritis (ON) and/or Multiple Sclerosis (MS) in the 


Total 
No. of 


Total 


Literature and in This Study 


No. (%) of 
Patients With 
Definite MS & 

Abnormal PSVER 


N. (%) of 
Patients With MS 


*Another 2/200 (1%) were abnormal only on the basis of amplitude asymmetry. 


numerical values to be comparable to 
those reported by others; those under- 
taking to use PSVER as a clinical 
diagnostic tool must collect their own 
control data. There are also changes in 
PSVER latency with aging,” and 
though they are relatively slight, the 
control and patient population should 
be of the same age. 

Previous reports of the extent of 
abnormal PSVER in all patients with 
MS vary between 50% and 96%.*** Our 
value of 57% and the values of other 
studies depend largely on the percent- 
age with ON in the patient population 
that happens to have been studied, 
and to a lesser extent on the 
techniques used. A more meaningful 
figure, as one attempts to validate the 
use of PSVER in demonstrating 
lesions of the optic pathways, is the 
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percentage of abnormal PSVER in 
patients with a history of ON. Such 
values have been reported to range 
from 94% to 10095.**'"' In our larger 
series, 91% are abnormal-a re- 
markably high yield of clearly abnor- 
mal tests (in Thompson's' review, 
CSF globulin levels were said to be 
abnormal in 90% to 95% of patients 
with MS). The PSVER abnormalities 
occur despite the fact that visual 
acuity and other clinical assessments 
of visual function are often normal at 
that time. However, despite reports to 
the contrary,*" not all patients with 
clear-cut ON will have an abnormal 
PSVER even when it is recorded 
within a few weeks of the onset of 
visual loss. A normal PSVER, though 
testifying to the great improbability 
that the optic nerve was ever affected 


No. (%) of 
Patients 
With History 
of Pure ON & 
Abnormal PSVER 


No. (%) of 
Patients 
With Abnormal 
PSVER Only by 
Latency Differences 





by ON, cannot absolutely exclude that 
diagnosis. 

Looking at these data in another 
way, a more useful figure for clinical 
diagnostic purposes concerns the per- 
centage of abnormal PSVER in 
patients without a history or clinical 
findings suggestive of ON (36% in our 
group). These subclinical or clinically 
unsuspected lesions may provide evi- 
dence of multifocality of the disease 
process, which, in a patient with a 
clinically obvious lesion elsewhere in 
the central nervous system, enables 
his physician to be more certain of the 
diagnosis of MS and may spare the 
patient unpleasant neuroradiological 
examinations.” 

In addition to abnormalities de- 
fined by measurements of absolute 
latency, an excessive difference in 
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PSVER latency in any one patient 
between separate stimulation of the 
eyes provides further confirmation of 
abnormality in an extra 5% of 284 
reported patients (Table 4) whose 
absolute latencies, falling within the 
range of normal, give false-negative 
results. In four of our patients with 
pure ON (8%), the PSVER was abnor- 
mal on the basis of a latency differ- 
ence greater than 8 msec, and in four 
of 149 patients with MS (3%), this was 
also true, giving a total increased 
diagnostic yield of some 4% of 200 
patients studied by us. This is compa- 
rable to the values one can derive from 
the data of Asselman et al’ (2%) and 
Zeese' (4%), but considerably less 
than that reported by Milner et al 
(three of seven patients). 

Differences in amplitude and dura- 
tion of PSVER ("broadening of the 
positivity"'*) between a patient's nor- 
mal and abnormal eyes are usually 
very striking on inspection of these 
responses, especially when one com- 
pares these differences with those 
minimal asymmetries between eyes of 
control subjects. Assuming, as above, 
that all those patients with a history 
of ON might have an abnormal 
PSVER if one were able to specify the 
appropriate parameter, we have stud- 
ied the usefulness of measuring other 
aspects of the PSVER than absolute 
latency or latency difference between 
the two eyes. The amplitude of the 
PSVER is very variable from one 
subject to another (Table 1), but 
rather symmetrical when produced by 
stimulation of either eye in any one 
person, providing acuity is not 20/200 
or less in one eye and the subject 
fixates and attends to the stimulus 
more or less equally with each eye. 
Measurements of amplitude differ- 
ences will probably not prove to be 
very useful clinically; in our study, 
only two patients’ PSVER (1%) were 
classifiable as abnormal on the basis 
of amplitude differences alone. 

The pilot study, described above, 
suggests that duration of the PSVER 
is usually prolonged in patients in 
whom the PSVER is abnormal on 
other grounds. There is often no 
“overshoot” on the negative-going 
second limb of the abnormal PSVER 
such as usually is present under 
normal circumstances. Abnormal la- 
tency may also be related in some way 
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to absence of an early small positive 
wave and early small negative wave, 
which are usually seen under normal 
cireumstances. However, in our expe- 
rience, we were not able to demon- 
strate that any PSVER was abnormal 
because of the absence of either of 
these small early components or 
prolongation of duration when its 
absolute latency, latency difference, 
or amplitude difference was normal. 
It appears, then, that the first two of 
these latter three parameters are 
most useful clinically in studies of 
patients suspected of having ON when 
true PSVER are recorded. Other 
techniques that use half-field stimula- 
tion of each eye or record from several 
areas to look for asymmetries of the 
field of the occipital PSVER® may be 
more useful when studying patients 
suspected of compressive lesions of 
optic nerve, chiasm, or tract. 

The increase in PSVER latency is 
usually ascribed to decreased conduc- 
tion velocity in optic nerve fibers 
consequent to segmental demyelina- 
tion produced either by a primary 
demyelinating disease or secondarily 
by pressure, as from a suprasellar 
tumor. It must be remembered that 
increased latencies can also be pro- 
duced by glaucoma and other diseases 
anterior to the axones of the retinal 
ganglion cells. In patients with MS, 
not all plaques of demyelination will 
be anterior to the optic chiasm, and 
the question therefore arises of the 
possibility of production of increased 
latency by lesions in the various optic 
pathways posterior to the optic nerve. 
To avoid contamination by such wide- 
spread lesions, each eye is tested sepa- 
rately, and recordings are made from 
a midline electrode posteriorly. It is 
presumed that the PSVER recorded 
from this electrode rises from either 
or both occipital areas, and because 
the response recorded will be earlier 
or more synchronous from one hemi- 
sphere if conduction in the other is 
more seriously affected, various 
asymmetries in latency will be mini- 
mized. Demyelinating or other lesions 
at any level posterior to the optic 
chiasm (including cerebral white mat- 
ter) can result in an increase in the 
absolute latency of PSVER recorded 
from both eyes, but there should then 
not be a significant asymmetry when 
the response from stimulation of one 


eye is compared with that from the 
other. McDonald" discusses the patho- 
physiology of those abnormal PSVER 
latencies that are markedly increased 
and are not easily explained by 
reduced conduction velocity of myeli- 
nated fibers in the optic nerve. Other 
mechanisms to account for this ex- 
tremely prolonged slowing remain to 
be demonstrated. 

Abnormally reduced PSVER ampli- 
tudes reflect decreased visual input to 
the CNS and may be due either to poor 
acuity, lack of fixation, or varying 
degrees of block with failure of 
conduction in a certain percentage of 
the optice fibers and/or temporal 
dispersion or asynchrony of impulses 
in other fibers producing the PSVER 
because of variable degrees of demye- 
lination.* An unrecordable PSVER 
represents the extreme of decreased 
amplitude. It may reflect (1) failure of 
conduction in a large percentage of 
optic nerve fibers, (2) profound 
asynchrony so that the response, 
being so dispersed in time, has an 
amplitude too small to be recorded 
above the baseline noise even though 
most optic fibers do conduct, or (3) a 
combination of the two. Increased 
duration of the major positive re- 
sponse seems most likely to be due to 
temporal dispersion of impulses in the 
optic fibers produced by different 
degrees of demyelination and, there- 
fore, different conduction velocities in 
individual fibers. However, the dura- 
tion may also appear prolonged 
because of absence of generators 
producing the initial or terminal nega- 
tive phase of the PSVER. If the 
PSVER is of unusually low amplitude 
and increased amplification must be 
used to demonstrate it, the duration 
may still be measured. Measurements 
of duration are comparable even when 
made at different levels of amplifica- 
tion. | 

As Halliday et al' have demon- 
strated, changes in visual acuity have 
little effect on PSVER latency al- 
though amplitude of the PSVER does 
correlate well with visual acuity; in 
the extreme case, where visual acuity 
is 20/200 or less, the PSVER may be 
absent or unrecordable. Absence of 
PSVER following stimulation of one 
or both eyes would then be considered 
abnormal on the basis of amplitude 
criteria, which are not as indicative of 
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demyelination as are abnormalities on 
the basis of latency criteria. Most of 
the activity recorded as PSVER comes 
from stimulation of the central 10° of 
vision^^" and the amplitude of 
PSVER may be decreased by failure 
to fixate on the screen because of 
roving eye movements (voluntary or 
otherwise) or poor visual acuity. For- 
tunately, none of these factors in- 
fluences the latency of PSVER. 
Patients with an abnormal PSVER 
latency, who have normal acuity (as 
demonstrated ^ ophthalmologically), 
will occasionally complain of some 
poorly definable abnormality of vi- 
sion. This presumably reflects subjec- 
tive awareness of abnormality in 
those optic fibers whose function is 
better tested by PSVER than by 
routine ophthalmological examina- 
tions. Other types of tests, such as 
those that use a Pulfrich pendulum” 
or perception of the interval between 
two light stimuli delivered close 
together in time,” may yield data that 
correlate better with PSVER latency 
than acuity does. This discrepancy 
between acuity and PSVER latency is 
similar to the clinical demonstrations 
of “normal motor and sensory func- 
tion” in certain patients in whom, 
following recovery from Guillain- 
Barré acute polyneuritis or early in 
the course of Charcot-Marie-Tooth 
disease, there is markedly reduced 
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nerve conduction velocity in large 
motor and sensory fibers because of 
segmental demyelination. Which pop- 
ulation of optic nerve fibers conducts 
the impulses responsible for the 
PSVER remains to be demonstrated. 
Animal studies have demonstrated 
several categories of fibers, only one 
of which is particularly responsive to 
contrast borders or edges moving 
across the visual field. The true 
PSVER, as recorded in this study, 
may not, therefore, be identical to 
that response evoked by the pattern 
reversals produced on television 
screens. 

Nevertheless, the PSVER is ex- 
tremely useful because it can demon- 
strate in a quantitative fashion an 
abnormality of CNS function that 
is either subclinical on historical 
grounds or clinically unsuspected by 
ordinary neurological or ophthalmo- 
logical examinations. This documenta- 
tion is of obvious use in demon- 
strating multiple lesions, as in pa- 
tients with multiple sclerosis. Though 
PSVER may not be an ideal technique 
for following recovery of function as a 
result of various therapies (because 
the PSVER appears to remain abnor- 
mal for months -or years after a 
complete recovery of clinical func- 
tion) it is nonetheless satisfying to 
the patient to have a clear-cut docu- 
mentation of an abnormality that 
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otherwise may be only subjective, 
since the patient, in the latter 
instance, is often considered to have 
an imaginary or trivial abnormality. 

An abnormality of PSVER, as 
defined by an abnormally prolonged 
latency or an abnormal latency differ- 
ence between the two eyes (or by 
amplitude asymmetries and abnormal 
durations), is by no means pathogno- 
monic of ON or MS. Abnormal laten- 
cies or latency differences can be due 
to lesions anterior to the retina (glau- 
coma) or other lesions of the optic 
nerve, such as produced by compres- 
sion or degenerative diseases, all of 
which must be carefully ruled out if a 
diagnosis of ON or MS is to be made. 
Similarly, the presence of a lesion in 
one optic nerve cannot eliminate the 
possibility of an unrelated compres- 
sive lesion of the spinal cord. Nev- 
ertheless, the PSVER is useful in the 
objective and quantitative demonstra- 
tion of abnormal conduction in visual 
pathways and now, with the advent of 
commercially available evoked re- 
sponse systems, can be recorded 
reliably in any good clinical neuro- 
physiology laboratory. 
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Investigations on the Inheritance 


of Nemaline Myopathy 


Willem F. Arts, MD; Jaap Bethlem, MD; Koerd P. Dingemans, PhD; Aldur W. Eriksson, MD 


è Extensive investigations on 11 pa- 

tients with nemaline myopathy (six index 
patients, five relatives), their parents, and 
some healthy relatives were carried out. In 
one family, nemaline myopathy was inher- 
ited as an autosomal dominant trait. No 
linkage between the locus of. nemaline 
myopathy and the locus of seven informa- 
tive genetic markers (out of 25 investi- 
gated markers) was found. In two families, 
an autosomal recessive inheritance could 
be demonstrated with certainty. In these 
families, both parents of each index 
patient had rods and an increased number 
of fibers with internal nuclei. In two other 
families, one or both parents of each 
index patient had an increased number of 
fibers with internal nuclei, also indicating 
the possibility of autosomal recessive 
inheritance in these cases. 
: It can be concluded that there are two 
types of nemaline myopathy. However, 
these two diseases could not be sepa- 
rated on a clinical or histopathological 
basis. 

(Arch Neurol 35:72-77, 1978) 
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h poor myopathy was first de- 
scribed in 1963 by Shy et al.' In 
their patient, it was not possible to 
determine whether the mode of genet- 
ie transmission was autosomal domi- 
nant with variable expressivity, or 
autosomal recessive. Since then, stud- 
ies of more than 50 patients have been 
published. Most of them were so-called 
solitary cases. The presence of pa- 
tients in more than one generation 
has been found in two families.?* The 
mother of the patient described by 
Engel and Gomez? showed slight 
muscular weakness. However, a mus- 
cle biopsy was not performed on this 
woman. In these three families, an 
autosomal dominant pattern of inheri- 
tance with variable expressivity 
seems likely. 

The affection of more than one 
sibling in one generation has been 
histologically verified three times.** 
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Other authors described patients with 
nemaline myopathy who had a de- 
ceased sibling who had suffered from 
a similar disease.*'' The possibility of 
autosomal recessive inheritance in 
these familial cases has been sug- 
gested, but has never been proved. 
Autosomal dominant inheritance with 
incomplete penetrance could not be 
excluded in these cases. 

So far, extensive investigations, 
including muscle biopsy, of both 
parents of the index patient have been 
performed in only four cases. +72? The 
mother of the patient of Shy et al! 
exhibited a proximal muscle weak- 
ness, a "myopathic" electromyogram 
(EMG), and a normal muscle biopsy 
specimen. The father was clinically 
and electromyographically normal, 
but had a bimodal distribution of the 
fiber size in his muscle biopsy speci- 
men. The mother of the three siblings 
described by Nienhuis et al* was clini- 
cally normal, while a biopsy specimen 
from the gastrocnemius muscle 
showed no abnormalities. The father 
had clinically normal musculature but 
was extremely tall and had suffered 
several dislocated joints. A moderate 
variation in fiber diameter was seen 
in a biopsy specimen from the gas- 
trocnemius muscle. The mother of the 
patient described by Shafiq et al" 
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4 Biopsy specimen with rods 


History, physical examination 


History, physical examination, laboratory 
investigations, EMG, and muscle biopsy 


© Muscular weakness 


showed no neurological abnormalities, 
but had shortening of the distal pha- 
langes of the right hand and webbing 
between the index and third fingers. 
Her EMG showed _brief-duration, 
small-amplitude, high-frequency mo- 
tor unit potentials. Light miscroscopy 
of her muscle biopsy specimen gave 
normal findings, but ultrastructurally 
subsarcolemmal accumulations of cy- 
lindrical structures were seen. The 
father had no clinical, electromyo- 
graphical, or histopathological abnor- 
malities. The mother of the patients 
described by Neustein’ complained of 
muscle cramps. Both parents were 
clinically normal. Biopsy specimens of 
their quadriceps femoris muscles 
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Fig 1.—Family A. 


showed no light and electron micro- 
scopic abnormalities. 

The purpose of this report is to 
describe two different patterns of 
inheritance, one autosomal dominant 
and the other autosomal recessive, 
found in six families with nemaline 
myopathy. Moreover, it appeared to 
be possible to detect the heterozygotes 
of the recessive type in a relatively 
large number of cases. 


SUBJECTS AND METHODS 


Six families (A, B, C, D, E, and F) were 
examined (Fig 1 and 2): six index patients 
(A-IV-8, B-II-2, C-II-2, D-II-1, E-II-1, and 
F-II-2), their parents (A-III-5, B-I-1, B-I-2, 
C-I-1, C-I-2, D-I-1, D-I-2, E-I-1, E-1-2, F-I- 


— Congenital dislocation of both hips 


1, and F-I-2), and some of their relatives 
(A-II-1, A-II-2, A-III-2, A-III-3, B-II-3, and 
C-II-1) Investigations included neurolog- 
ical examination; serum and urine analysis, 
including the activities of creatinine phos- 
phokinase (CPK), SGOT, SGPT, as well as 
concentrations of lactate, potassium, sodi- 
um, caleium and magnesium, and the 
excretion of creatine, expressed as the 
creatinine-creatine ratio; and electromyog- 
raphy of the right or left deltoid, right 
biceps brachii, right abductor digiti quinti, 
right quadriceps femoris, left gastrocnem- 
ius, and right extensor digitorum brevis 
muscles. In addition, the motor conduction 
velocity of one or several peripheral nerves 
was measured. In all index cases, as well as 
in cases B-II-3, E-I-1, and E-I-2, a muscle 
biopsy specimen was taken from the left 
quadriceps muscle. In all other cases, the 
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Fig 2.—Families B through F. 


specimen was taken from the bulk of the 
left deltoid muscle, avoiding myotendinous 
areas. In the index cases, four longitudinal 
and four transverse sections were stained 
with the modified trichrome stain. In the 
other cases, every tenth longitudinal 
section was stained with this method, with 
a total of about ten sections per specimen. 
In addition, in all cases, sections were 
stained with hematoxylin-eosin and for the 
activities of various enzymes, including 
myofibrillar adenosine triphosphatase and 
several oxidative enzymes. 

Electron microscopy was done in all cases 
except C-II-1, to verify the presence of 
rods. Of each specimen, ten blocks of about 
l cu mm were embedded in Epon. One 
longitudinal section (of 1 to 2 u thickness) 
of each block was stained with toluidine 
blue. The areas most likely to contain rods 
were selected for ultrastructural study. 
Structures were accepted as rods when 
they showed at least four of the five 
criteria described by Engel”: (1) origin 
from the Z lines, (2) continuity with thin 
filaments, (3) periodic lines parallel to the 
long axis of the rods, (4) periodic lines 
perpendicular to their long axis, and (5) a 
lattice structure on transverse section. 

Genetie studies included investigations 
into the probability of linkage in family A. 
In all living members of generations II and 
III, 25 genetic markers, ABO blood groups, 
human leukocyte antigens, and several 
erythrocyte enzymes were investigated. In 
family A, an extensive genealogical inves- 
tigation was carried out. 


RESULTS 
Family A 


Clinical details, laboratory and elec- 
tromyographical findings, and histo- 
pathological features are shown in 
Table 1. 

Six subjects through three genera- 
tions suffered from nemaline myopa- 
thy. There was marked variation in 
clinical and pathological expressivity: 
while the index patient (IV-8; Fig 3, 
top left) died at age 5 months and his 
mother (Fig 3, top right) showed 
severe weakness, one patiert (II-2; 
Fig 3, center left) apparently had 
normal strength and only a few fibers 
with rods in her biopsy specimen. Two 
patients (III-2 and III-3) had no path- 
ological abnormality, but distinct 
museular weakness; one (III-2) had 
severe creatinuria. Patient IV-2 was 
only examined physically; she showed 
moderate muscular weakness. 
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*N indicates normal: ND, not done; B, brief-duration, small-amplitude, abundant motor unit potentials. 


Linkage studies showed that since 
case A-II-2 was homozygous for 18 of 
the 25 determined genetic markers, 
only seven markers were informative: 
the blood group systems ABO, MNS, 
Rh, and Kell; the serum y-globulin 
allotypes, the a-l-antitrypsin, and the 
red cell enzyme glyoxalase. No close 
linkage between the loci of any of 
these seven genetic markers and the 
locus of nemaline myopathy could be 
demonstrated. 

Genealogical investigations went 
back seven to eight generations. 
Patients A-III-5 and A-III-6 had one 
common ancestor in the seventh 
generation. Patients A-II-1 and A-II- 
2 had no common ancestors. 


Families B Through F 


The details of the index cases and 
patient B-II-3 are given in Table 1. Six 
patients in five families had a very 
large proportion of fibers with rods, 
although the muscular weakness was 
variable, as was the presence of 
several skeletal deformities commonly 
described in association with nema- 
line myopathy. 

The results of the investigations 
carried out in the parents and in 
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patient C-II-1 are presented in Table 
2. No muscular weakness, skeletal 
deformities, or electromyographical 
abnormalities were found in any of 
the parents. Patient D-I-2 showed 
slight creatinuria. The activity of the 
serum CPK in patient B-I-1 was 109 
units/liter (estimated on one occa- 
sion; normal value in our laboratory, 
up to 50 units/liter). All other labora- 
tory findings were within normal 
limits. Nevertheless, four parents had 
a small amount of fibers with typical 
rods in the biopsy specimen of the 
deltoid muscle (Fig 4). In three, this 
finding could be confirmed by elec- 
tronmicroscopy. Seven parents had a 
signifieantly increased number of 
fibers with internal nuclei. Three 
parents and sibling C-II-1 did not 
show any abnormality at all. 


COMMENT 


Of the six families, only family A 
showed an autosomal dominant mode 
of inheritance. Theoretically, the pos- 
sibility exists that in this family the 
inheritance is pseudodominant. The 
genealogical investigation showed a 
very remote relationship between the 
parents of the index patient, but no 


relationship between the parents of 
patient A-III-5. The finding of one 
common ancestor of patients A-III-5 
and A-III-6 is not surprising since the 
family lived in a small Roman Catholic 
enclave. We do not consider this 
finding an argument for an autosomal 
recessive inheritance, since the chance 
that a homozygote would in turn 
marry a heterozygote is very slight. 
Unfortunately, no biopsy could be 
performed on patient A-III-6, the 
father of the index patient. 

Of the other five families, only the 
parents of the index patient of family 
F were normal in every respect, 
including their muscle biopsy spec- 
imens. Both parents of the index 
patients in families B and C showed a 
small number of fibers with rods and 
an increase in the number of fibers 
with internal nuclei. Both parents of 
the index patient in family D, and the 
father of the index patient in family 
E, showed an increase in the number 
of fibers with internal nuclei. 

From these data it can be concluded 
that there exists an autosomal reces- 
sive type of nemaline myopathy, and 
that the heterozygotes of this reces- 
sive type can be recognized by the 
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presence of rods and/or the increase 
in the number of fibers with internal 
nuclei. 

As could be expected, detection of 
heterozygotes with this method of 
investigation did not appear to be 
possible in all cases (eg, case E-I-2). In 
none of these families did we find rods 
in the muscle biopsy specimens of only 
one of the parents of the index 
patient. The fact that rods were found 
in the muscle biopsy specimens of 
both parents of patients B-II-2 and C- 
II-2 and not in the other parents, 
although at least three of them were 
apparently heterozygous, could not be 
explained. Probably, it was due to 
coincidence. Although rods were de- 
scribed near the myotendinous junc- 
tion of otherwise normal muscle’: 
and in external ocular muscles,- we 
are not aware of any description of 
rods in the bulk of normal muscle in 
addition to an increase in the number 
of fibers with internal nuclei. We 
were unable to find rods in serial 
cryostat sections, stained with the 
modified trichrome, of the deltoid 
muscle in 13 completely normal adults. 
In a study specifically directed at Z- 
band alterations in 34 healthy volun- 
teers, no rods were found." 

The index case in family F can be 
considered as a sporadic case that may 
be due to a mutation. However, the 
possibility of an autosomal recessive 
inheritance cannot be ruled out. 

Our results show that there are two 
modes of transmission of nemaline 
myopathy, ie, an autosomal dominant 
trait and an autosomal recessive trait. 
We were unable to distinguish these 
two diseases on a clinical or histopath- 
ological basis. Severe as well as mild 
cases of both diseases were seen. 
Morphologically, the rods were similar 
in both diseases. However, no bio- 
chemical analyses were performed. 

Rods have been described in numer- 
ous conditions, including many neuro- 
muscular diseases.'* Also, in nemaline 
myopathy, there is no correlation 
between the muscular weakness and 
the proportion of muscle fibers con- 
taining rods.*'^? In family A, we 
found two patients (III-2 and III-3) 
with evident weakness of the shoulder 
girdle muscles without rods in the 
muscle biopsy specimens taken from 
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Fig 3.—Family A. Nemaline myopathy with autosomal dominant mode of inheritance. Top 
left, Quadriceps muscle of proband (A-IV-8) shows rods near internal nucleus 
(x 14,000), Top right, Collections of rods in deltoid muscle of his affected mother (A-III-5) 
(x 11,900). Bottom, Rods in deltoid muscle of his grandmother (A-1II-2) ( x 23,500). 


Rods confirmed by elec- 
tron micropsy 


% of fibers with internal 
nucleiT 


*Not done. 
TN indicates normal (< 3%). 
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Fig 4.—Families B and C. Nemaline myopathy with autosomal recessive mode of 


inheritance. Top left, Transverse section of deltoid muscle of heterozygote B-l-1 
(modified trichrome, x 320). Muscle fiber in center shows collections of rods. Top right, 
Confirmation by electron microscopy ( x 45,000). Center left, Rods originating from Z 
line are seen in deltoid muscle of heterozygote B-l-2 ( x 52,000.) Bottom left, Transverse 
section of deltoid muscle of heterozygote C-I-1 (modified trichrome, x 650). Bottom 
right, Rods in deltoid muscle of heterozygote C-l-2 ( x 17,800). 


the deltoid muscle. On the other hand, 
their mother (II-2) did not show any 
signs of muscular weakness, but had a 
small amount of fibers with rods in 
the deltoid muscle. In addition, we 
found rods in the muscle biopsy spec- 
imens of four clinically healthy heter- 
ozygotes (B-I-1, B-I-2, C-I-1, and C-I- 
2). It seems likely, therefore, that rods 
are a secondary phenomenon, not 
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bearing any relationship to the severi- 
ty of the muscular weakness. In the 
two hereditary types of nemaline 
myopathy, described in this report, 
the formation of rods is probably 
secondary to as yet unknown develop- 
mental disturbances caused by differ- 
ent genetic defects. 
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Survival After Spinal Cord Trauma 


A Life Table Analysis 


Louis Mesard, MPH; Alice Carmody, MA; Emanuele Mannarino, MD; Daniel Ruge, MD 


* The records accruing from the care of 
spinal cord injury patients in hospitals of 
the Veterans Administration (VA) make 
available a unique opportunity to study 
survival rates of a large group. This study 
analyzes the survival experience of 
patients whose initial treatment in a VA 
hospital for trauma to the spinal cord 
occurred between Oct 1, 1955, and Sept 
30, 1965. Life table methodology enabled 
survival rates to be calculated for various 
intervals after injury and allowed for 
maximum use of each patient’s experi- 
ence. Age at injury, level of lesion, and 
extent of paralysis were all found to be 
important factors in survival. High mortal- 
ity occurs in the first three months regard- 
less of age at injury or level of lesion. Of 
those paraplegic and quadriplegic pa- 
tients who survived the first three months 
after injury, the ten-year survival rates are 
quite similar, 86% and 80%, respectively. 

(Arch Neurol 35:78-83, 1978) 
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Fe more than 30 years, the Veter- 
ans Administration (VA) has pro- 
vided specialized medical care in 
centers for spinal cord injury. Because 
of the large numbers of patients and 
the recording of veteran deaths, a 


unique population is available for 


long-term follow-up study. This study 
analyzes the survival experience of 
patients whose initial treatment for 
spinal cord trauma in a VA hospital 
occurred between Oct 1, 1955, and 
Sept 30, 1965, following up the 
patients until mid-1967. 

Several studies" have reported 
mortality rates for patients with inju- 
ries of the spinal cord. Most have 
reported mortality as the proportion 
of patients who died of the total 
number of patients treated. A com- 
parison of the results of these studies, 
partieularly for purposes of compar- 
ing the efficacy of treatment, should 
be viewed with caution, as many 
factors relating to the statistical 
methodology and the sample. affect 
mortality rate. 
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Important factors to consider are 
age at injury (the age distribution of 
the sample), level and completeness of 
lesion, and time lapse between injury 
and hospitalization. A study composed 
largely of patients who entered the 
hospital (and the study) at least three 
months after injury would show an 
unusually low overall mortality. The 
signifieance of the time after injury 
that the patient enters the study 
(comes under observation) seemed so 
important to us that we considered a 
modified life table method. 


METHODS 
Sample 


In June 1965, a survey was conducted to 
assemble information on demographic and 
medical characteristics of spinal cord 
injury patients cared for by the VA 
between Oct 1, 1955, and Sept 30, 1965. In 
that period, 2,818 patients were treated for 
trauma to the spinal cord in a VA hospital 
for the first time. 

The number of women in the sample was 
too small to yield reliable survival rates. 
Four hundred seventy-five men other than 
white were excluded from this analysis 
because of their relatively small number, 
and because their mortality differs from 
that of white men (in 1960, life expectancy 
for white males was 67.6 years; for all 
others, 61.5 years) The sample size was 
subsequently reduced to include 2,323 
white men. 

Of the 2,323 white men, 55% were para- 
plegie and the remainder were quadri- 
plegic. A distribution of the age at in- 
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Table 1.—Age at Injury 


% of Patients 
RU MF FA ELE 


Paraplegia Quadriplegia 






Age, yr 











jury for these two groups is presented in 
Table 1. 

Approximately 40% of the patients were 
first admitted to a VA facility within three 
months of their injury and 87% within the 
first year. Of the early admissions, 334 
patients were admitted within the first 
month, 317 within the second, and 288 
within the third. 

Mortality data were obtained from death 
certificates filed in the veteran’s claim 
folder for deaths through Sept 30, 1967. 


Life Table Technique 


Previous studies that have presented 
mortality as a ratio of the number of 
deaths to the number of hospital admis- 
sions provide a crude measure of the 
mortality experience of a group of individ- 
uals. The actuarial or life table method 
provides a more reliable estimate by 
including the experience of each patient 
only for the period of time he is under 
observation. The life table technique is 
necessary for our sample because the 
patients were injured on different dates 
and at different ages and most were not 
hospitalized immediately in a VA hospi- 
tal. 

In the clinical application of life tables 
the exact onset of disease is usually 
unknown, and the time of diagnosis is 
usually utilized as the beginning point of 
observation and thus entrance into the life 
table. In the case of spinal cord injury, 
however, the date of injury is known but 
observation does not always begin at that 
time. 

In an attempt to reduce bias, patients 
are included in the life table only for the 
period of time they were under observation 
in a VA hospital, as the number of spinal 
cord injury patients who died before 
entering the VA hospital or who did not 
enter for other reasons is unknown. 
Patients are entered into the life table at 
the appropriate month after their injury on 
the assumption that their mortality experi- 
ence is similar to that of other patients who 
have survived to that point in time. No 
cases were lost to follow-up. (The modified 
life table methodology, adapted from 
Cutler and Ederer,’® may be obtained from 
the authors.) 
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Table 2.—Survivorship of Paraplegics and Quadriplegics Compared 
With 'Recovered' Paraplegics and Quadriplegics* 


?o of Paraplegics 


Survival Period 
After Injury Entire Sample 
85.3 
83.1 
82.1 
81.5 
80.5 
76.4 


70.8 


'Recovered' 





% of Quadriplegics 


Entire Sample 'Recovered' 
73.4 
67.5 

Silks 65.0 5 a 

99.3 64.5 99.3 

98.1 62.5 96.2 

92.9 58.0 89.3 


52.0 80.2 


Table 3.—Traumatic Paraplegics and Quadriplegics 
Surviving, by Age at Injury 


% of Paraplegics, by Age 


Survival Period 
After Injury 


17-24 25-34 


. RESULTS 


As indieated in Table 2, approxi- 
mately 85% of the paraplegics and 73% 
of the quadriplegics survived the first 
month after their injury. This rate is 
probably higher than the true survival 
rate of patients who suffer spinal cord 
injury, because our study does not 
account for those persons who died at 
the scene of the trauma and those who 
died before being admitted to a VA 
hospital. 


Three-Month Survivors 


A most interesting and striking 
finding concerns those patients who 
survived the first three months after 
injury, referred to as “recovered.” Of 
those “recovered” patients, the ten- 
year survival rates for paraplegics and 
quadriplegics are quite similar, 86% 
and 80%, respectively. 


Age at Injury 


The proportion of patients surviv- 
ing at various intervals is shown in 
Table 3, by age at injury and nature of 
paralysis. The age groups 45 to 59 
years and 60 years and older were too 
small to yield reliable survival rates. 

The data indicate that the likelihood 


35-44 
(N= 408) (N=485) (N=251) (N=416) (N=312) (N = 169) 





% of Quadriplegics, by Age 


17-24 25-34 35-44 


of survival after injury is influenced 
by age at injury for both paraplegia 
and quadriplegia. Of paraplegies in- 
jured between 17 and 24 years of age, 
an estimated 90% survived ten years 
after their injury. Although a trend is 
evident, the survival rates are subject 
to differing degrees of error accord- 
ing to the number of patients in each 
category, and therefore the survival 
rate must be viewed as an estimate 
and not an exact figure. 

A comparison of similar age groups 
shows a higher proportion of para- 
plegie than quadriplegic patients sur- 
viving for each age category. Even 
these differences may be influenced 
by the distribution of level of lesion in 
the two groups, as will be shown 
later. 

Figures 1 through 3 present each 
age group separately in comparison to 
the expected mortality in white men 
of that age group during the calendar 
years of the study. Expected mortality 
was calculated by applying the appro- 
priate mortality (US white males of 
specified age) successively to a hypo- 
thetical cohort of 100 until the group 
ages ten years. For example, the 
cohort of 17-year-olds was hypotheti- 
cally followed up or aged ten years 
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Fig 1.—Ten-year survival of paraplegics and quadriplegics aged 17 to 24 years at injury. Expected survival is 
based on mortalities for white males in US life tables, 1959 through 1961. 
Fig 2.—Ten-year survival of paraplegics and quadriplegics aged 25 to 34 years at injury. Expected survival is 
based on mortalities for white males in US life tables, 1959 through 1961. 
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Fig 3.—Ten-year survival of paraplegics and quadriplegics aged 35 to 44 years at injury. Expected survival is 
based on mortalities for white males in US life tables, 1959 through 1961. 
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Fig 4.—Ten-year survival of patients with traumatic spinal cord injury, by level of lesion. 
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according to the mortalities prevalent 
in the years 1959 through 1961. As 
shown in Fig 1, of 100 seventeen-year- 
old white boys in the United States, 
according to mortalities in the period 
1959 through 1961, approximately 98 
would be expected to survive ten 
years. 

A most striking finding in each of 
the three figures is the similarity of 
the slopes of the survival curves and 
the expected mortality after the first 
year. The high mortality of the first 
three months is shown graphically in 
each age category and for both para- 
plegics and quadriplegics. 


Level of Lesion 


An increase in survival is noted 
with descending level of lesion (Fig 4). 
Of the 141 patients with lesions at C-1 
through C-4, 48% survived the first 
three months after injury. Although 
66 were recorded as complete lesions, 
only seven were considered complete 
at C-1 and C-2, two of whom died 
immediately and three others within 
three months. It is possible that there 
is actually a lower incidence of 
complete lesions than is recorded 
because of the difficulty in assessing 
residual function in severely disabled 
patients; also, the dramatic dysfunc- 
tion of the total quadriplegic could 
incline the examiner to delete some of 
the fine points of the examination. 
Eleven of the complete lesions were at 


C-3 and 48 at C-4 (the phrenic nerve 
derives fibers from C-3 in some indi- 
viduals). 

Since certain patients who survived 
the initial trauma later became respi- 
rator dependent, one wonders how 
many incomplete lesions progress to 
complete as a consequence of edema 
or hemorrhage. 

While injuries at all levels resulted 
in some early fatalities, one notes a 
pattern of descending incidence with 
descending levels. One may surmise 
that respiratory failure was always 
implicated in those whose injuries 
were between C-1 and C-4 and 
probably contributory in those whose 
injuries were in the lower cervical 
cord. Patients whose injuries are at 
cervical and upper thoracic levels bear 
an additional burden in the early 
hours following injury because of the 
autonomic dysfunction associated 
with the acute cervical cord syndrome, 
which is manifested by hypotension, 
bradycardia, hypothermia, and occa- 
sionally coma. 

It is difficult to assess the implica- 
tions of associated injuries but clearly 
cranial, visceral, vascular, and extrem- 
ital trauma add to the morbidity, 
which may affect mortality. One 
cannot be certain that associated inju- 
ries of the head and thorax are more 
lethal than those of the abdomen or 
extremities, but one would anticipate 
that their effect on vital cardiorespi- 


Table 4.—Level of Lesion, by Extent of Paralysis 


Level of Lesion 


No. of Patients 


Extent of Paralysis 


Complete Incomplete Unknown 


1 66 69 6 
C-5-C-7 868 366 484 18 
T-1-T-6 315 232 74 9 


T-7-T-11 378 
T-12, L-1, L-2 436 
L-3, L-4, L-5, sacral 93 


295 81 
258 171 
35 58 





ratory function would be more dra- 
matic. 


Completeness of Lesion 


À distribution of the sample by level 
of lesion and extent of paralysis is 
shown in Table 4. The relatively 
greater number of incomplete cervical 
lesions as compared to the relatively 
greater number of complete thoracic 
and lumbar lesions speaks for some 
preservation of neural respiratory 
function in those who suffered inju- 
ries in the cervical region. 

The presence of more incomplete 
lesions in the lower lumbar and sacral 
areas is not surprising since the cauda 
equina is less vulnerable than the 
spinal cord for two reasons. Because it 
is made up of many small nerve roots, 
it has more resilience, and it is not 
tethered by the dentate ligaments. 

Table 5 also indicates a difference 
in survival rates by extent of paralysis 
in each level of lesion category. The 
most dramatic difference is in the 
cervical region, in which the ten-year 
survival rate for incomplete paralysis 
is 68%, and for complete paralysis, 
only 40%. 


Age at Injury and 
Level of Lesion 


As indicated in Table 5 and Fig 4, 
survivorship is related to the level of 
lesion. In attempting to determine if 
this relationship is a spurious one, the 
age distributions of selected level of 
lesion categories were examined (Ta- 
ble 6). Although the age distributions 
are similar, the group with injuries of 
the cervical area is the youngest and 
the group with injuries in the lumbar 
region is the oldest, with the thoracic 
categories falling between. The dif- 
ferences in survivorship by level of 
lesion are probably slightly minimized 
because of the age distributions. The 
younger age distributions among 


Table 5.—Patients Surviving, by Level and Completeness of Lesion 


Cervical 
opi rN 


Complete 
(N = 442) 


Year After Injury 
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incomplete 
(N = 565) 


% of Patients 
Thoracic Levels 1-8 


Complete 
(N = 320) 


Incomplete 
(N = 106) 





Thoracic Levels 9-12 


Complete 
(N = 352) 


Lumbar 
co WV" 
Complete incomplete 
(N = 153) (N = 165) 


Incomplete 
(N = 111) 
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Table 6.—Age Distribution, by Level of Lesion 


Cervical 


Age at Injury, yr (N = 1,032) 


Levels 1-8 
(N = 437) (N 


% of Patients 
Thoracic Thoracic 
Levels 9-12 
= 469) 


Lumbar 
(N = 319) 


17-24 39.6 37.1 30.5 27.3 
25-34 30.5 37.5 35.6 42.9 


35-44 15.9 
45-59 
= 60 


those with higher lesions gives them a 
slight advantage in survival compared 
to those with lower lesions. 

The tendency toward a younger age 
distribution among those with higher 
lesions is not easily explained and may 
have several implications. As pre- 
viously noted, survival after injury is 
influenced by age at injury. It is also 
possible that young patients are more 
likely to survive the immediate postin- 
jury period at least long enough to 
have made possible an accurate diag- 
nosis and entrance into the study. 
Another possibility is that the life- 
styles and amusements of the young 
involve them in injuries that cause 
cervical and high thoracic injuries 
whereas industrial injuries of the 
older group more frequently affect 
the lower spine. 


COMMENT 


Our findings are consistent with 
other reports in the literature. Of the 
2,323 white men, 55% were paraplegic 
and the remainder quadriplegic. High 
mortality was found in the first year 
after injury, particularly in the first 
month. The survival rate the first 
month after injury was 85% for para- 
plegic and 74% for quadriplegic 
patients. One year after injury, 81% of 
the paraplegic and 63% of the quadri- 
plegic patients had survived. The ten- 
year survival rate of those who 
survived the first three months after 
injury is similar for paraplegic and 
quadriplegic, 86% and 80%, respec- 
tively. 

The early high mortality exists 
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regardless of age at injury, level of 
lesion, or extent of paralysis, but is 
less pronounced in young persons and 
the less severely injured. The ten-year 
survival rate among paraplegic pa- 
tients varied from 90% of the 17- to 24- 
year-olds to 68% of the 35- to 44-year- 
old group. Among the quadriplegic 
patients, 74% of the 17- to 24-year-old 
group survived ten years after injury 
compared to 42% of the 35- to 44-year- 
olds. The expected ten-year survival 
of 17- to 24-year-olds in the population 
is about 98%, and of 35- to 44-year- 
olds, 97% to 92%. Although the ten- 
year survival rates of our paraplegics 
and quadriplegics are considerably 
lower, the survival is much closer to 
that expected of the general popula- 
tion if only survivors of the early 
months are considered. 

An increase in survival was noted 
with lower levels of lesion. The 
percentages of patients surviving 
three months after injury were as 
follows: C-1 through C-4, 439; C-5 
through C-7, 6995; T-1 through T-6, 
72%; T-7 through T-11, 86%; T-12, L-1, 
and L-2, 91%; L-3, L-4, L-5, and sacral, 
100%. The ten-year survival rates of 
each of these groups were 10% to 13% 
lower than the respective three-month 
survival rates, indicating that virtual- 
ly all of the difference in survival 
among the different level of lesion 
groups is manifested in the first three 
months. 

Survival was related to complete- 
ness of lesion for cervical and upper 
thoracic regions, but only slight 
differences were found in the lower 


thoracic and lumbar regions. The 
largest difference was among cervical 
lesions, a 40% ten-year survival for 
complete and 68% for incomplete 
lesions. 

The results of this study indicate 
that the first few months after injury 
are marked by high mortality regard- 
less of age at injury or level and 
completeness of lesion, and suggest 
directions for future research. Spinal 
cord injury survival studies might be 
focused on that crucial period in 
detail, including time from injury to 
treatment, type of initial care, mode 
of transportation from injury site, 
cause of injury, and cause of death. 


Fred Ederer, MA, Eye Institute, National 
Institutes of Health; David Kruegel, PhD, Health 
Services Research and Development Service, 
Veterans Administration Central Office; and 
Gilbert Beebe, PhD, Medical Follow-up Agency, 
National Academy of Sciences, commented on 
the statistical methodology. Don Going, Veterans 
Administration Central Office, did the computer 
programming of the life table. 
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FI AEN ag ET erp re mr? 


Arachnoid Cyst 
and Associated Subdural Hematoma 


Observations on Conventional Roentgenographic 


and Computerized Tomographic Diagnosis 


Fritz LaCour, MD; Richard Trevor, MD; Michael Carey, MD 


€ Information about computerized to- 
mography (CT) of arachnoid cysts of the 
middle fossa (ACMF) is increasing, and it 
appears that certain CT characteristics 
may be diagnostic. The association of 
ACMF and subdural hematoma has been 
emphasized previously but is not common 
knowledge. We present three new cases 
of ACMF and associated subdural hema- 
toma studied by plain roentgenograms, 
EEG, conventional brain scanning, CT 
scanning, and angiography. The cysts 
were clearly shown in each case by CT 
scan, but no subdural hematoma was 
visualized in our first two cases. Angiog- 
raphy was necessary to establish the 
associated hematoma. 

We review and emphasize computer- 
ized tomographic characteristics that may 
be pathognomonic of ACMF. ft is sug- 
gested that angiography be included in 
the study of patients symptomatic with 
ACMF because associated subdural he- 
matoma is not an uncommon lesion and 
may fail to visualize on CT scan. Angiog- 
raphy still remains the most conclusive 
study to establish or exclude the diag- 
nosis of subdural hematoma.  ' 

(Arch Neurol 35:84-89, 1978) 
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rachnoid cysts of the middle fossa 
(ACMF) have recently been re- 
viewed and the frequent occurrence of 
subdural hematomas with these le- 
sions has been emphasized." More 
recent publications have demon- 
strated the usefulness of computer- 
ized tomography (CT) in the diagnosis 
and postsurgical evaluation of these 
lesions." This report will present the 
use of CT in three patients with 
ACMF associated with subdural he- 
matoma. While the CT scan delin- 
eated the cysts, it did not demonstrate 
the associated hematoma. Ret- 
rospective analysis of these cases 
shows certain subtle signs on CT scan 
that may suggest the diagnosis of 
arachnoid cyst with associated hema- 
toma. 


REPORT OF CASES 


Case 1.—A 13-year-old girl was referred 
for evaluation because of constant bifron- 


Accepted for publication July 20, 1977. 
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tal headaches of one month's duration. She 
had had several recent episodes of vomit- 
ing and weakness of the right leg. Except 
for having fallen several times during the 
last two months while water skiing, there 
was no history of trauma. Developmental 
history was normal, and she was an above 
average eighth grade student. 

Examination did not show asymmetry 
of the head or papilledema. There was 
minimal weakness of the right hand. The 
remainder of the neurologic examination 
was normal. 

The EEG was normal. Plain roentgeno- 
grams and coronal tomograms demon- 


Fig 1.—Anteroposterior tomogram of skull. 
Note elevated lesser wing of sphenoid 
bone and enlarged middle fossa (ar- 
rows). 
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Fig 2.—Computerized tomographic scan Fig 3.—Triangular shape of cyst suggests Fig 4.—Collapse of lateral ventricle sug- 


with enhancement. Note enlarged left involvement of Sylvian fissure and that gests isodense mass lesion on left. 
middie fossa and CSF density zone in intrinsic cyst pressure is probably low and 
region of temporal lobe. not solely responsible for shift. Note bulge 


of left sphenoid bone and midline shift. 


Fig 6.—Carotid angiogram (anteroposterior). Note medial 

displacement of genu of middle cerebral artery (open arrow- 

heads) and lower branches (small arrows), suggesting more 

anterior Sylvian avascular mass. Subdural defect (large arrow) 
Fig 5.—Tc 99m sodium pertechnetate scan (anteroposterior). Left and shift of anterior cerebral artery (closed arrowheads) are 
superficial crescent-shaped uptake. evident. 
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strated an enlarged left middle fossa and 
elevation of the lesser wing of the sphenoid 
(Fig 1). The CT sean delineated a well 
circumscribed area of CSF density located 
anteriorly in the left middle fossa (Fig 2). 
There was medial displacement of the 
ventricular system and a 1-cm shift of the 





septum pellucidum from left to right (Fig 
3). There was no definite evidence of a 
hematoma (Fig 3 and 4). Infusion of 300 ml 
of iothalamate meglumine before scanning 
provided no further information. An ante- 
roposterior view of the Tc 99m sodium 
pertechnetate brain scan demonstrated a 


left hemisphere superficial crescent- 
shaped uptake (Fig 5). Cerebral angiog- 
raphy showed a left intrasylvian avascular 
mass, a left curvilinear subdural avascular 
area, and a left-to-right shift of the ante- 
rior cerebral artery (Fig 6). 

At operation, a large subacute subdural 
hematoma was identified with parietal 
membranes 2 to 3 mm thick. The enclosed 
blood clot was liquefying and was located 
over the frontoparietal area adjacent to a 
left middle fossa cyst. Visceral membranes 
were adherent to the superior and lateral 
cyst wall. The cyst was situated inferior 
and medial to the subdural hematoma and 
lay principally in the anterior temporal 
region. The cyst was filled with slightly 
xanthochromic fluid. Both visceral and 
parietal membranes were resected as 
completely as possible. Once the lateral 
wall of the cyst was removed, the temporal 
lobe was seen to be small and located far 
posteriorly. The Sylvian fissure was widely 
open, fully exposing the middle cerebral 
artery and its branches. Histologic sections 
showed subdural hematoma and normal 
appearing arachnoid membrane. 

CasE 2.—A 31-year-old man was evalu- 
ated because of increasingly severe bifron- 
tal headaches of six month’s duration. 
There was no history of seizures, trauma, 


Fig 7.—Left, computerized tomographic scan with enhancement. Note smooth curvilinear 
border to CSF density temporal lobe mass. Left middle fossa is clearly enlarged. No 
prominent fissure or sulcus is seen. Right, Left-to-right shift is prominent, and there is no 
evidence of enhancing lesion. 


or mental or physical disability. The 
patient did not engage in strenuous phys- 
ical activity. 


Fig 9.—Carotid angiogram (anteroposterior). Note enlarged left 
middle fossa with indistinct lesser wing of sphenoid, hypertro- 
phied ethmoid air cell (large arrow) and lateral bulge (white 
arrows). Note characteristic elevation of genu (large arrow), left 
convexity subdural defect, and midline shift (arrowheads). 


Fig 8.—Tc 99m sodium pertechnetate scan. Note left convexity 
crescentic uptake. 





86 Arch Neurol—Vol 35, Feb 1978 Arachnoid Cyst—LaCour et al 


Neurological and formal psychological 
examination disclosed mild dyslexia but no 
aphasia. Bilateral papilledema was pres- 
ent. The right pupil was 1 mm larger than 
the left, but both reacted normally. The 
remainder of the examination was nor- 
mal. 

The EEG was normal. Plain skull roent- 
genograms showed an enlarged left middle 
fossa, with upward displacement of the 
lesser sphenoid wing. The pineal was 
shifted minimally to the right. The CT scan 
showed an area of CSF density that filled 
most of the enlarged left middle fossa (Fig 
7, left). The septum pellucidum and pineal 
gland were shifted to the right (Fig 7, 
right). There was no specific evidence for 
hematoma, no atrophic temporal lobe, or 
prominent Sylvian fissure. Infusion of 300 


Fig 10.—Top, Anteroposterior left carotid angiogram, arterial 
phase. Note calcification over left convexity (arrows). There is 
elevation and medial displacement of genu of middle cerebral 
artery and Sylvian point (open arrowheads). Bottom left, Antero- 
posterior left carotid angiogram, venous phase. Note calcification 
(arrows). Avascular defect over left opercular area clearly demon- 
strated (open arrowheads). Bottom right, Left lateral carotid 
angiogram, arterial phase. Note calcifications (arrows) and 
splayed Sylvian vessels (open arrowheads) suggesting intrasyl- 


vian mass. 
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ml contrast produced no change. Tc 99m 
sodium pertechnetate scan showed de- 
creased blood flow within the left middle 
cerebral group and a left peripheral poste- 
rior crescentic uptake consistent with a 
subdural hematoma (Fig 8). Angiography 
showed a large left intrasylvian avascular 
mass with elevation of the genu of the 
middle cerebral artery and a convexity 
subdural avascular defect. There was left 
to right shift of the anterior cerebral 
artery (Fig 9). 

At operation, a single large subdural cyst 
extended from the floor of the middle fossa 
upwards over the temporal-parietal con- 
vexity. The cyst contained greenish-brown 
fluid with a protein content of 800 mg/100 
ml and had a 5-mm membrane laterally 
and a l-mm membrane medially. The 














temporal lobe was markedly atrophic and 
the Sylvian fissure was widely open, 
exposing the middle cerebral group of 
vessels. Pathologic specimen was consis- 
tent with chronic subdural hematoma. 

Case 3.—A previously well 64-year-old 
woman had a two-week history of confu- 
sion, visual and auditory hallucinations, 
and apathy. 

Examination did not show evidence of 
increased intracranial pressure or lateral- 
izing signs. There was no fever. 

Routine diagnostic studies were normal. 
The EEG disclosed a generally moderately 
slow background, with periodic sharp wave 
discharges over the left paracentral region. 
Skull roentgenograms showed extensive 
left-sided calcification adjacent to the skull 
over the convexity (Fig 10). The left middle 
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Fig 11.—Computerized tomographic scan. 
Note CSF density lenticular-shaped defect 
in left opercular area. 


fossa appeared normal The CT scan 
demonstrated a lenticular shaped region of 
CSF density peripherally located in the left 
middle fossa (Fig 11). There was some shift 
of the septum to the right. No enhance- 
ment was noted after the injection of 
contrast producing medium. Arteriog- 
raphy showed a crescentic avascular, extra- 
cerebral mass over the left convexity with 
a large medial shift of the Sylvian triangle, 
and upward shift of the genu of the middle 
cerebral artery (Fig 10, top and bottom 
left). The lateral view disclosed splayed 
Sylvian vessels consistent with an intrasyl- 
vian avascular mass (Fig 10, right). 

At operation through a large craniot- 
omy, the dura was found to be almost 
totally calcified over the left convexity. An 
opening was made through a relatively 
uninvolved area. Immediately, clear col- 
orless CSF gushed from the incision. As the 
opening was enlarged, a generous void 
could be observed in the left Sylvian area. 
The adjacent temporal lobe was about half 
the normal size, with an abnormal gyral 
pattern. There was mild to moderate 
atrophy of the frontal opercular cortex. 
Only a very small 1 x !? x !ó-cm fragment 
of old solidified blood was found in the 
subdural compartment. The remainder of 
the subdural space was occupied by a 3 to 5- 
mm rind of calcification. The findings were 
interpreted as ACMF with associated 
calcified subdural hematoma. 


COMMENT 


Patients with ACMF usually be- 
come symptomatic for two reasons: 
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there may be enlargement of the cyst 
or development of a hematoma either 
subdural or intracystic, each case 
producing increased intracranial pres- 
sure bringing the patient to medical 
attention for the first time.'^'* 
Presumably, unsupported blood ves- 
sels around the perimeter of the cyst 
tear, spontaneously or with varying 
degrees of head trauma, resulting in 
bleeding either into the subdural 
space or into the cyst itself." Occa- 
sionally, subdural hematomas develop 
contralateral to the cyst.^''* Subse- 
quently, membranes may form sepa- 
rate from, adjacent to, or within the 
cyst (intracystic hemorrhage) to en- 
velop the hematoma. Especially in 
cases of intracystic hemorrhage, the 
delicate relationship between hema- 
toma and arachnoid membrane is 
likely to be obscured by this repara- 
tive process and be interpreted simply 
as chronic subdural | hemato- 
ma.' 555.155.159 Grossly, the presence of 
a cystic lesion antedating the subdural 
hematoma will be suggested by the 
characteristic hypoplastic temporal 
and occasionally frontal lobes.*° 

In our first two cases, plain skull 
roentgenograms showed enlargement 
of the middle cranial fossa, with eleva- 
tion of the ipsilateral lesser sphenoid 
wing, findings characteristic of 
ACMF.*'*'* The third patient demon- 
strated only an old calcified dural 
thickening. 

Te 99m sodium pertechnetate brain 
scanning carried out in patients 1 and 
2 showed findings consistent with 
subdural hematoma.'* Angiography in 
every case clearly demonstrated the 
defect characteristic of subdural he- 
matoma. It also disclosed the avas- 
cular intrasylvian mass in all cases 
and excessive elevation of the genu 
of the middle cerebral artery (par- 
ticularly well demonstrated in 
case 2), findings characteristic of 
ACMF, 58:10:22 

Computerized tomographic scan- 
ning in each case clearly delineated 
the well-cireumscribed, low-density 
subarachnoid cyst. There was no 
evidence of a prominent Sylvian 
fissure, atrophic temporal lobe (except 
possibly case 1), or hematoma. There 
was no clear enhancement after infu- 
sion of contrast media. In case 3, 


movement artifact resulted in subop- 
tional scan quality. In cases 1 and 2, 
CT scan evidence of enlargement of 
the middle fossa coincided with find- 
ings on the plain roentgenograms. 

These cases show that subarachnoid 
cysts are well identified by CT 
because of the great density differ- 
ences between brain and cyst fluid. 
Associated subdural hematoma may 
not be appreciated by CT sean 
presumably because brain and blood 
breakdown products may have similar 
densities (800 mg/100 ml of protein in 
case 2).*"-2°-2 One may anticipate that 
in certain instances where intracystic 
hematoma develops, CT diagnosis 
may be further impaired because 
intracystic density may approach that 
of brain. Cyst, hematoma, and brain 
may become isodense. Computerized 
tomographic scan may show only an 
enlarged middle fossa, collapse of the 
ipsilateral ventricular system, and 
shifting of the midline structures. 

The following points can be made 
concerning CT scan diagnosis of 
ACMF with or without associated 
hematoma. In those patients with a 
characteristically enlarged middle fos- 
sa containing a cyst of CSF density 
having smooth linear and curvilinear 
margins and no enhancement, the 
diagnosis of ACMF can be made with 
some certainty.'°''****°5 However, a 
porencephalie cyst where communica- 
tion with the ventricular system is not 
obvious may be impossible to differ- 
entiate. Other diagnostic possibilities 
include an epidermoid tumor with or 
without cyst formation, a nonenhanc- 
ing primary brain tumor with or 
without cyst formation, or encepha- 
litis or infarct limited to one temporal 
lobe. Enlargement of the middle fossa 
easily appreciated on CT sean favors a 
more chronic and expanding process 
like a cyst or tumor. Linear and curvi- 
linear margins favor an arachnoid 
cyst.” The exceptionally low density 
(fat) of some epidermoid tumors can 
be diagnostic. 

The presence of hematoma in asso- 
ciation with ACMF was not clearly 
defined by CT sean alone in our three 
cases. The following subtle features 
on CT scan may suggest the presence 
of associated hematoma: 

l. Findings consistent with ACMF 


Arachnoid Cyst—LaCour et al 


and excessive contralateral shift 
of midline structures and/or col- 
lapse of the ipsilateral ventric- 
ular system. The usual arachnoid 
cyst produces little mass effect 
because of associated temporal 
lobe agenesis allowing ample 
room to accommodate the 
cyst.^'?*?* An enlarging cyst not 
due to hemorrhage is the other 
likely possibility. 

2. Features consistent with ACMF 
and collapse of contralateral ven- 
tricular system. This suggests an 
associated contralateral extra- 
cerebral lesion (subdural hemato- 
ma).”° 

3. Contrast enhancement of cyst 
wall or adjacent or contralateral 
brain in a fashion characteristic 
of subdural hematoma. This was 
not present in our three 
cases. 1 

4. A very round ACMF that conse- 
quently fails to show evidence of 
prominent Sylvian fissure or dys- 
plastic temporal lobe. Banna” 
suggests that straight or curvi- 
linear borders to cysts with CSF 
density are pathognomonic of 
arachnoid cysts. In his cases and 
those of Scott and New* and 
Dyck and Gruskin'', there was no 
associated hematoma. In each 
case, the straight or curvilinear 
margins were formed by a prom- 
inent Sylvian fissure or atrophic 
temporal lobe. When hemorrhage 
occurs within the cyst, blood 
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breakdown products may in- 
crease cyst fluid density, tending 
to gradate density changes be- 
tween the center of the cyst and 
its margins. This may obscure its 
usually well-cireumscribed limits 
obliterating prominent fissures 
and sulci. The result may be a 
smooth round cystic structure 
appearing smaller than its actual 
size (case 2). 

5. Features consistent with ACMF 
and calcification in the dural or 
subdural regions (case 3). 

Te 99 brain scanning may be helpful 
in suspecting the possibility of an 
associated hematoma, but if negative, 
does not rule it out. Angiography is 
likely to be definitive and will delin- 
eate the intrasylvian avascular mass 
of the cyst as well as the subdural 
hematoma. If the hematoma is intra- 
cystic, angiography will only demon- 
strate the avascular mass. In this case, 
a positive Tc 99m sodium pertechne- 
tate brain scan suggests intracystic 
hemorrhage (case 2). 

Diagnostic errors may be in- 
fluenced by the sequence of neurora- 
diologic studies. If the CT scan is 
performed first and the cyst visual- 
ized, the associated subdural hema- 
toma may be missed. If the angio- 
gram is performed first, the subdural 
hematoma may be most obvious and 
the cyst not appreciated. Ipsilateral 
subdural hematoma tends to de- 
emphasize features of ACMF and 
replace the genu of the middle cere- 
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bral artery back downward to a more 
normal position (case 1 and 3).* 

Our cases suggest that angiography 
and Te 99m sodium pertechnetate 
scanning are valuable adjuncts to CT 
scanning in the preoperative evalua- 
tion of symptomatic patients with 


ACMF. Angiography is likely to clear- 


ly define any associated extracystic 
subdural hematoma. This will be of 
particular value when the hematoma 
is contralateral to the cyst. When 
hemorrhage occurs within the cyst, 
angiography may show the avascular 
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size by the two studies may suggest 
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by the angiographic features. 

Prior to further CT scan improve- 
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reliable radiologic technique for diag- 
nosing subdural hematoma. This is 
particularly indicated in the symp- 
tomatic patient where ACMF is 
proved or suspected. 


arachnoid cysts. Radiology 106:329-333, 1973. 

19. DeLand FH, Wagner HN: Atlas of Nuclear 
Medicine. Philadelphia, WB Saunders Co, 1969, 
pp 58-60. 

20. Svendsen P: Computer tomography of 
traumatic extracerebral lesions. Br J Radiol 
49:1004-1012, 1976. 

21. Dublin AB, Rennick JM, Sivalingam S: 
Failure of computerized axial tomography to 
demonstrate a chronic subdural hematoma. Neu- 
rol Surg 6:23-24, 1976. 

22. Ambrose J: Computerized transverse axial 
scanning (tomography): Clinical application. Br J 
Radiol 46:1023-1047, 1973. 

23. Banna M: Arachnoid cysts on computed 
tomography. Am J Roentgenol 127:979-982, 
1976 


24. New FJ, Scott WR: Computed Tomography 
of the Brain and Orbit. Baltimore, Williams & 
Wilkins Co, 1975, pp 400-403. 

25. Davis KR, Taveras JM, Roberson GA, et al: 
Computed tomography in head trauma. Semin 
Roentgenol 12:53-62, 1977. 


Arachnoid Cyst—LaCour et al 89 


E" 


Developmental Dyslexia 


Evidence for a Subgroup With a Reversal of Cerebral Asymmetry 


Daniel B. Hier, MD; Marjorie LeMay, MD; Peter B. Rosenberger, MD; Vincent P. Perlo, MD 


e The computerized brain tomograms 
of 24 patients with developmental dyslex- 
ia were analyzed for cerebral asymmetry. 
Ten patients showed a reversal of the 
pattern of asymmetry regularly observed 
in normal right-handed individuals so that 
the right parietooccipital region was wider 
than the left. The ten dyslexic patients 
with this reversal of cerebral asymmetry 
had a lower mean verbal IQ than the other 
14 dyslexic patients in this study. The 
reversal of cerebral asymmetry that 
occurred in ten of the dyslexic patients 
may result in language lateralization to a 
cerebral hemisphere that is structurally 
less suited to support language function 
and thus act as a risk factor for the 
development of reading disability. 

(Arch Neurol 35:90-92, 1978) 


hildren with developmental dys- 
lexia experience diffieulty in 
learning to read despite adequate 


intelligence, motivation, and instruc- — 


tion. It has been estimated that 1% to 
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3% of school-age children have devel- 
opmental dyslexia. The cause of this 
disorder is unknown.'? 

The human brain is now recognized 
to possess both functional and struc- 
tural asymmetries. In nearly all right- 
handed individuals and most left- 
handed individuals, the left hemi- 
sphere is dominant for language. A 
possible neuroanatomical basis for 
left hemisphere dominance for lan- 
guage has been disclosed by the 
studies of Geschwind and Levitsky.’ 
They found that the posterior portion 
of the temporal lobe, known as the 
planum temporale, is larger on the left 
than the right in most brains. Subse- 
quent studies have indicated that the 
entire posterior region of the left 
hemisphere is usually wider than the 
right: The greater size of the left 
posterior region may provide a more 
favorable anatomical substrate for the 
development of language. These 
structural asymmetries are present in 
fetal and newborn brains and thus 
predate and may presage the develop- 
ment of language in the left hemi- 
sphere.** 

In this study we have used comput- 
erized brain tomography to assess the 
pattern of cerebral asymmetry in 24 
individuals with developmental dys- 
lexia. Evidence is presented that a 


variant pattern of cerebral asym- 
metry may be a factor contributing to 
the reading disability of certain 
dyslexic individuals. 


METHODS 


Patients.—T wenty-four dyslexic patients 
between the ages of 14 and 47 participated 
in this study. The mean age of patients was 
25. Two of the patients were women and 
six were left handed (Table 1). Twenty of 
the patients were evaluated by the staff of 
the Language Disorders Unit or the 
Learning Disorders Unit at the Massachu- 
setts General Hospital, while four of the 
patients were diagnosed as dyslexic at 
outside facilities. All of the patients either 
scored below the fifth grade level on the 
Gray Oral Reading Test or had a history of 
reading at least two years below grade 
level while in school. Depending upon age, 
either the Wechsler Adult Intelligence 
Scale or the Wechsler Intelligence Scale for 
Children was administered (Table 1). All 
patients had normal neurological examina- 
tion results. 

Computerized Brain Tomography.—Cere- 
bral asymmetry was assessed by analyzing 
computerized brain tomograms obtained 
on all patients. Four or six transaxial 
sections were made through the cerebral 
hemispheres using a 25° angle with respect 
to the anthropological baseline of the skull. 
Measurements were made on self-devel- 
oping pictures (Polaroid), which showed 
the brain in transaxial section reduced in 
size by a factor of 3.3 times. Using either 
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the falx or interhemispheric fissure as a 
midline structure, widths of the posterior 
portions of the cerebral hemispheres were 
measured on the scans at a point approxi- 
mately 5 mm anterior to the inner table of 
the vault. The brains were classified as 
wider in the left parietooccipital region if 
the left width exceeded the right by 1 mm 
or more, wider in the right parietooccipital 
region if the right width exceeded the left 
by 1 mm or more, or symmetrical if the two 
widths were within 1 mm of each other 
(Figure). 

Statistical Methods.— Where appropriate, 
the t test or x? test was used to ascertain 
level of statistical significance." 


RESULTS 


None of the computerized brain 
tomograms showed evidence of brain 
injury. Ten of the dyslexic patients 
had brains that were wider in the 
right parietooccipital region than the 
left; eight patients had brains that 
were wider on the left; and six 
patients had brains that were approx- 
imately symmetrical (Table 1). 

As shown in Table 2, the dyslexic 
individuals with brains wider in the 
right parietooccipital region than the 
left had a mean verbal IQ that was 
less than the other dyslexic patients 
(P — .01). The mean performance IQ 
scores of these two groups did not 
differ significantly (P > .05). Four of 
the ten patients with brains with a 
wider right parietooccipital region 
reported delays in the acquisition of 
speech, while only one of the other 14 
dyslexic patients reported delayed 
speech; however, this difference be- 
tween the two groups was not statisti- 
cally significant (P > .05). 


COMMENT 


Examination of the computerized 
brain tomograms of the 24 dyslexic 
patients in this study shows that an 
unexpectedly large number of them 
exhibit a reversal of the pattern of 
cerebral asymmetry found in most 
right-handed individuals so that the 
right parietooccipital region is wider 
than the left. Only 9% of normal right- 
handed individuals and 2746 of normal 
left-handed individuals have this re- 
versed pattern of cerebral asymmet- 
ry." The expected number of patients 
that would exhibit this reversed 
pattern of cerebral asymmetry given 
that six of the 24 dyslexic patients are 
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Table 1.—Clinical and Radiological Data From 24 Dyslexic Patients 


Widths of 

IQ Parieto- 

Reading ————— ~ occipital 
Handedness Level* Verbal Performance Regions 


Delayed 


Patient/Sex/Age, yr Speechi 


1/M721 


D 


5/M740 
6/M/18 
7/M/16 


D 


91 


ze 
x 
-l 
A 


D 
£o 
N 


88 


23/M/17 
24/M/43 


ea ai 


*Grade level equivalent as determined by the Gray Oral Reading Test. HX indicates patients who 
scored above 5.0 but who read at least two grades below grade level while in school. A score of 0.0 
indicates a nonreader. 

TOnset of speech in phrases after age 3 years. 





Computerized brain tomograms of two dyslexic patients. Both transaxial sections are at 
the level of the bodies of the lateral ventricles. The heavy white stripe lays vertically along 
the interhemispheric fissure; the thin white stripe lays horizontally across the posterior 
parietooccipital region. Brain at left (case 18) shows the common pattern of cerebral 
asymmetry with the wider left parietooccipital region. Brains at right (case 4) shows a 
marked reversal of usual cerebral asymmetry with a wider right parietooccipital 
region. 


Developmental Dyslexia—Hier et al 91 


Table 2.—Intelligence Test Scores According to 
Pattern of Cerebral Asymmetry 


No. of 


Asymmetry Patients 


Right parietooccipital 
region wider than left 10 


Left parietooccipital 
region wider than or 
equal to right 


*Difference is significant (P — .01). 


left handed is 3.2 (9% of 18 + 27% of 
6). This is significantly less than the 
ten dyslexic patients who actually 
showed this reversed pattern of cere- 
bral asymmetry (P < .01). 

The ten patients with reversed cere- 
bral asymmetry differed from the 
other 14 dyslexic patients in that they 
had lower verbal ability. The mean 
verbal IQ score was 12 points lower in 
the subgroup of dyslexies with re- 
versed cerebral asymmetry. Further, 
four of the ten patients in the 
reversed cerebral asymmetry sub- 
group reported delays in the acquisi- 
tion of speech, while only one of the 
other 14 dyslexic patients had delayed 
speech acquisition. 

The reversal of cerebral asymmetry 
found in ten of the dyslexic patients 
may have contributed to their reading 
disability. Among most right-handed 
individuals, structural asymmetry of 
the brain tends to correspond to func- 
tional asymmetry so that the left 
hemisphere is both wider in the parie- 
tooccipital region and dominant for 
language. This correspondence be- 
tween structural asymmetry and 
functional asymmetry may be dis- 
rupted in those dyslexic individuals 
with reversed cerebral asymmetry. 
Other studies indicate that language 
is lateralized normally to the left 
hemisphere of dyslexic children.” 


Mean IQ (+ SD) 


Verbal Performance 


87 + 13* 96 + 10 





103 + 12 


Language may be lateralized normal- 
ly to the left hemisphere in the ten 
dyslexic patients in this study with 
reversed cerebral asymmetry even 
though, the anatomic configuration of 
the left hemisphere more closely 
resembles that of the right hemi- 
sphere of most normal individuals. 
Further, the linguistic capabilities of 
the right hemisphere appear to be 
inherently less than those of the left 
hemisphere. Thus, the dyslexia and 
verbal disability of the ten patients 
with reversed cerebral asymmetry in 
this study may be a partial reflection 
of the mismatch between hemispheric 
specialization for language and struc- 
tural asymmetry of the hemispheres. 

It should be emphasized that a 
reversal of cerebral asymmetry alone 
does not produce dyslexia or verbal 
disability. A reversed pattern of cere- 
bral asymmetry occurs in about 10% to 
12% of the population, while dyslexia 
is rarer (about 1% to 3% of the popula- 
tion). Thus, only in certain vulnerable 
individuals does reversed cerebral 
asymmetry interact with other fac- 
tors to produce dyslexia. Reversed 
cerebral asymmetry may prove to be 
an important risk factor for dyslexia 
much as male sex is a risk factor (boys 
have four times the incidence of 
dyslexia as girls). Although only a 
minority of individuals with a re- 


CORRECTION 


versed pattern of cerebral asymmetry 
will have dyslexia, a rough calculation 
based on the data above suggests that 
these individuals are at five times 
greater risk to have dyslexia than 
individuals with the more regular 
patterns of cerebral asymmetry. 


This investigation was supported in part by 
grants from the New England Branch of the 
Orton Society, the Milton Fund, and by Public 
Health Service research fellowship NSO5917-01 
(Dr Hier). 
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Pseudocaloric Nystagmus 


Gary D. Becker, MD, FACS; Janet L. Davis, MA; G. Joseph Parell, MD 


e Pseudocaloric nystagmus (PCN) is 
an appropriately beating nystagmus in- 
duced by cold caloric irrigation of an ear 
with abolished vestibular function. The 
nystagmus is not the result of endolymph 
flow but probably represents unmasking a 
latent nystagmus by alerting the patient, 
in this case, through tactile (caloric) stim- 
ulation. Pseudocaloric nystagmus has the 
following characteristics: (1) mild inten- 
sity (eyes closed—slow phase velocity 
usually less than 8°/sec), it has not been 
observed with the eyes open, (2) always 
beats away from the diseased ear; there- 
fore, any nystagmus induced by cold irri- 
gation will be appropriately (contralateral) 
beating while that induced by warm irriga- 
tion will be inappropriately (contralateral) 
beating; 3) the induced nystagmus will not 
reverse direction after inverting the am- 
pulla. Establishing bidirectional sensitivi- 
ty of the cupula by demonstrating appro- 
priately beating nystagmus to ampullo- 
petal and ampullofugal flow of endolymph 
not only assures that the lateral semicir- 
cular canal (SCC) is functionally intact to 
caloric stimulation but will avoid errors in 
electronystagmographic (ENG) interpre- 
tation. 

(Arch Neurol 35:93-94, 1978) 
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JA e unilateral loss of periph- 
eral vestibular function leads to 
opposite beating spontaneous nystag- 
mus that disappears with adequate 
central compensation. Conditions fa- 
voring reappearance of this sponta- 
neous nystagmus are lack of optic 
fixation (eyes open in the dark or eyes 
closed) and effective alerting. While 
there are varied methods and forms of 
effective alerting, one of these is the 
discomfort caused by caloric irrigation 
of the ear. This may lead the clinician 
to conclude that opposite beating 
nystagmus observed during cold wa- 
ter irrigation of the ear is due to 
existing vestibular function when, in 
fact, all caloric reactivity is lost, 
perhaps even years ago. This error in 
interpretation may bias the clinician's 
evaluation and treatment of the 
patient. 

Pseudocaloric nystagmus (PCN) is 
an appropriately beating nystagmus 
induced by cold caloric irrigation of an 
ear with abolished (caloric) vestibular 
function. The purpose of this article is 
to enumerate the various presen- 
tations of PCN, illustrate the common 
types with  electronystagmogram 
(ENG), isolate characteristic features, 
and discuss how errors in interpreta- 
tion may be avoided. 


MATERIAL AND METHODS 
Of 1,000 ENGs performed in the past 


two years, seven demonstrated nystagmus 
after caloric irrigation of an ear with no 
vestibular function. All patients had a 
complete ENG examination; including a 
search for spontaneous and positional 
nystagmus, hyperventilation, eye devia- 
tion on lid closure, and optokinetie and 
pendular tracking. Bithermal calorie irri- 
gation was done in a dimly-lit room with 
water at 30 C and 44 C or air at 24 C and 50 
C. Cold calorie stimulation was done with 
ice water or 0 C air when appropriate. The 
irrigation was done with the patient in a 
sitting position and the head extended 60°. 
Eighty seconds from the onset of irriga- 
tion, the patient opened his eyes and fixa- 
tion suppression was noted, the eyes were 
then closed, and the head placed on the 
knees while the ENG tracing continued for 
another minute. In some patients, caloric 
irrigations were done in both the supine 
and prone positions. 


ELECTRONYSTAGMOGRAMS 


The following ENGs demonstrate 
the importance of establishing appro- 
priately beating nystagmus to both 
ampullofugal and ampullopetal flow 
of endolymph before concluding 
that the lateral semicircular canal 
(SCC) is physiologically intact to 
caloric stimulation. 

The first ENG (Fig 1) is of a dizzy 
patient being considered for labyrin- 
thectomy after an unsuccessful sta- 
pedectomy. No nystagmus is elicited 
by bithermal irrigation of the right 
ear, while a more intense stimulus (ice 
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Fig 1.—No response to bithermal caloric stimulation. 
Response to ice water irrigation does not reverse on 


inverting ampulla. 


water) elieits an appropriately beat- 
ing (opposite) nystagmus. This may 
lead the observer to conclude that 
some vestibular function exists. Note, 
however, that irrigation of the right 
ear with ampulla down does not 
change the direction of the nystag- 
mus, demonstrating that nystagmus 
is not the result of cupular deflection. 
The lateral SCC is not functionally 
intact to caloric stimulation. 

The second ENG (Fig 2) is of 
another dizzy patient being consid- 
ered for labyrinthectomy after an 
unsuccessful stapedectomy. Note that 
bithermal calorie irrigation in the 
right ear elicits a nystagmus only with 
the cool irrigation. Ice water irriga- 
tion of the right ear elicited a 
nystagmus that could not be reversed 
on inverting the ampulla, demonstrat- 
ing that nystagmus responses gener- 
ated from this ear are not the result of 
cupular deflection. 

Five other patients in this series 
demonstrated PCN. Two patients had 
opposite beating nystagmus on both 
cool and warm stimulation. Three 
patients had opposite beating nystag- 
mus to cool stimulation, no response to 
warm, and opposite beating nystag- 
mus to ice water irrigation that did 
not change direction on ampullary 
inversion. None of the seven patients 
in this series demonstrated a sponta- 
neous or positional nystagmus. Pseu- 
docaloric nystagmus was not observed 
during optic fixation. 
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COMMENT 


When the peripheral (labyrinth or 
eighth nerve) vestibular system is 
destroyed, central mechanisms take 
place to abate the patient's dizziness 
by decreasing the resting tonus of the 
opposite vestibular system. This cen- 
tral compensation is seldom complete, 
and various tactile (but especially 
painful) stimuli, eg, caloric irrigation, 
may cause decompensation, resulting 
in a nystagmus that always beats 
away from the diseased ear. An appro- 
priately beating calorie nystagmus 
elieited from an ear with abolished 
vestibular function is known as pseu- 
docaloric nystagmus. Johnkees' and 
Eviatar' state that the only way to 
establish the functional integrity of 
the labyrinth (to caloric stimulation) is 
to demonstrate bidirectional sensitivi- 
ty of the cupula. Griesen? reported 
eight patients with PCN and also 
emphasized the importance of demon- 
strating bidirectional sensitivity of 
the cupula. Cupular deflection is 
produced by convection currents flow- 
ing in the endolymph, upward with 
warm irrigation and downward with 
cold irrigation. The cupula may simi- 
larly be deflected both upward and 
downward with a monothermal irriga- 
tion by placing the ampulla upward 
(patient sitting with head extended 
60°) and then downward (head placed 
on the knees). Alternately, the caloric 
irrigation may be done in the supine 
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Fig 2.—No response to warm water irrigation and opposite beating nystag- 
mus to cold irrigation that does not reverse direction after inverting the 


and prone positions with the head 
flexed 30°. When the peripheral ves- 
tibular system is functioning, a 
contralateral nystagmus is generated 
by an ampullofugal flow of endolymph 
(cold irrigation with the ampulla up or 
warm irrigation with the ampulla 
down) and ipsilateral nystagmus by 
an ampullopetal flow (warm irrigation 
with the ampulla up or cold irrigation 
with the ampulla down). A pseudoca- 
loric nystagmus will beat in one direc- 
tion only irrespective of the direction 
of cupular deflection, and the nystag- 
mus always beats away from the 
diseased ear. 

Of the five neuroepithelia of the 
labyrinth (the crista of each SCC and 
the maccula of the saccule and utricle), 
conventional caloric irrigation stimu- 
lates the lateral SCC only. When 
appropriately beating nystagmus can- 
not be elicited, general usage 
describes the ear as “dead” or the 
labyrinth as “nonfunctioning.” It 
must be appreciated, however, that 
the crista of the lateral SCC may still 
be intact to other stimuli (eg, kinetic), 
and that the function of the other 
neuroepithelia remain untested. 
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Corpora Amylacea of the Lumbar Spinal 


Cord and Peripheral Nervous System 


Paul Averback, MD, Héléne Langevin 


e Tissue from L-4 spinal cord, dorsal 
root ganglia, sural nerve, and intramus- 
cular branches to the gastrocnemius was 
obtained during 35 random autopsies, 
embedded in paraffin, and stained with 
PAS and Holmes Alcian blue and studied 
for the incidence and distribution of 
corpora amylacea (CA). Intraaxonal CA in 
spinal grey matter were commonly found, 
but the incidence in root ganglia, sural, 
and intramuscular nerve was low. Clini- 
cally insignificant intraneuronal spinal 
grey CA were found in six of eight men 
past the age of 60 years. Corpora 
amylacea in spinal white matter were 
most common in the region of posterior 
root entry. 

(Arch Neurol 35:95-96, 1978) 


n. significance of corpora 
amylacea (CA) includes their as- 
sociation with myoclonic epilepsy, 
degenerative, and metabolic disease 
of the nervous system.'* Because 
intraaxonal corpora amylacea (ICA) 
are encountered in peripheral nerve 
biopsy specimens and in spinal grey 
matter in nervous system disease, 
knowledge of their normal distribu- 
tion seems useful. We have examined 
lumbar spinal cord, dorsal root gan- 
glia, sural nerve, and the tibial branch 
to the gastrocnemius in a random 
autopsy study of 35 patients without 
nervous system disease. 


MATERIALS AND METHODS 


Tissue from the following locations was 
removed four to 24 hours postmortem: L-4 
spinal cord and roots, adjacent dorsal root 
ganglia, sural nerve, and intramuscular 
branches to the gastrocnemius. After 3.7% 
formaldehyde fixation and blocking with 
the aid of a dissecting microscope, the 
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specimens (Fig 1 and 2) were embedded in 
paraffin, and stained with (1) PAS (8p 
sections) and (2) a combination of Holmes 
and Alcian blue stains (15-» sections). In 
each lamina of the spinal grey matter, five 
random high-power fields (7 x 10* sq mm) 
were examined and the number of ICA 
counted. Because of the low incidence in 
dorsal root ganglia and sural and intramus- 
eular nerves, all material in these locations 
was assessed and the total determined, not 
exceeding two glass slides in each case. 
General autopsy findings were reviewed. 


RESULTS 


The mean age was 60.8 years. 
Lumbar grey ICA ranged from 0 
(stillbirth) to 3.82/10° sq p and in- 
creased with age (mean, 1.41; r = .37; 
P < .05, n = 30). Of the six patients 
with intraneuronal spinal grey CA 
(Fig 1), all were men past the age of 60 
years (mean, 72.7 years). There was no 
sex difference in any other categories. 
The densest region of lumbar spinal 
white matter CA was the region of the 
dorsal root entry (34 of 35 cases). 

Autopsy findings were assessed, 
but with the exception of a few 
isolated examples, there were no 
consistent pathological associations. A 
65-year-old woman with chronic 
schizophrenia and generalized ath- 
erosclerosis who died of aspiration 
pneumonia and whose brain had a 
high incidence of normally distributed 
CA was found to have the highest 
incidence of spinal ICA (3.32/10° sq u). 
In eight patients with osteoporosis 
and two. patients with symptomatic 
lumbar disk disease, the increase of 
CA in white matter could be 
accounted for by age alone. The one 
example of CA in a dorsal root 
ganglion was seen in a 73-year-old 
man with widespread vascular degen- 
erative disease, chronic bronchitis, 
and osteoporosis. Corpora amylacea 
were found in clusters in intramus- 
cular nerve in four cases (Fig 2), mean 


age, 71.7 years, with no pathologic 
association. They were present usually 
singly in five sural nerves (mean age, 
76.4 years), without association. 


COMMENT 


The first histochemical study of CA 
was that of Virchow (1854)? who noted 
that CA turned light blue with iodine 
and violet with sulphuric acid, con- 
cluding that cellulose was the most 
important component (for historical 
review, see Sakai et al**; Stam and 
Roukema). They are spherical bodies 
measuring 5 to 20 microns in diame- 
ter, found generally in astrocytic 
processes,’ rarely in neurons'*"' or 
axons,? and stain positively with 
iodine, methyl violet, PAS, Best’s 
carmine, Alcian blue, Grocott’s meth- 
enamine silver nitrate, Hollander's 
acriflavine, aldehyde fuchsin, Hale’s 
colloidal iron, and uranyl potassium 
ferrocyanide,*-5 and are metachromat- 
ic with toludine blue. Biochemical 
study has shown that CA consist of a 
large quantity of glucose polymer, 
with attached phosphate and sulphate 
groups.*^ With the electron micro- 
scope, they are found to consist of 
randomly oriented filamentous mate- 
rial and homogeneous dense material, 
without limiting membrane and with 
a denser core region in larger depos- 
its.’ Intra-astrocytic CA are generally 
held to be more common in the elderly 
and most frequently found in subep- 
endymal zones of the lateral and 
third ventricles, floor of the fourth 
ventricle, and in the subpial and peri- 
vascular regions of the hippocampus, 
medulla oblongata, and spinal cord." 
In the many variants of myoclonic 
epilepsy, similar material has been 
found in neurons in the CNS, spinal 
cord, spinal and peripheral nerves, as 
well as myocardium, skeletal and 
smooth muscle, liver, and possibly 
spleen.*'^'* Intra-axonal CA in the 


Corpora Amylacea—Averback & Langevin 95 


El 
ve 


-< Sn 


Fig 1.—Normal neuron and 


ventral and lateral horns of the spinal 
cord were found to have a relatively 
high incidence in cases of degenera- 
tive or metabolic disease of the central 
nervous system; they were not specific 
to any disease but related to aging.’ 
There have been no studies of the 
incidence and distribution of the 
various types of CA in the peripheral 
nervous system of a random human 
autopsy population. 

The common variety of CA is gener- 
ally considered to be a nonspecific 
degenerative phenomenon,” but their 
presence and position are said to be 
helpful in the diagnosis of chronic 
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intraneuronal 
corpora amylacea. L-4 (lamina IX) from a 79-year-old man who 
died of carcinoma of colon. (Holmes-Alcian blue, x 1,000). 
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conditions of the spinal cord.'* Prox- 
imity to CSF is a common factor in the 
sites of predilection, suggesting that 
astrocytes in these loci may be more 
hydrated, more exposed to noxious 
agents arriving via the CSF, and more 
readily leached of essential biochem- 
ical ingredients.‘ The fact that La- 
fora's myoclonic epilepsy is an autoso- 
mal recessive disorder raises the 
possibility that corpora amylacea may 
represent an enzymopathic phenome- 
non. 

Our findings suggest the following: 
(1) ICA in spinal grey matter are 
commoner than generally acknowl- 
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edged and are probably unrelated to 
nervous disease, (2) CA of lumbar 
dorsal root ganglia (one of 35 cases), 


.sural nerve (five of 35 cases) and 


intramuscular nerve (four of 30 cases) 
are uncommon in random autopsies, 
(3) clinically insignificant intraneu- 
ronal spinal grey CA are not unusual 
in men past the age of 60 years (six of 
eight cases), and (4) CA in spinal cord 
white matter are most frequent in the 
region of entry of the posterior 
roots. 
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Clinical Syndromes of Myasthenia 
in Infancy and Childhood 
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® Ten clinical syndromes of defective 
neuromuscular transmission in infancy 
and childhood are reviewed. Autoim- 
mune, genetic, infectious, and pharmaco- 
logic mechanisms have been implicated. 
These disorders manifest themselves in a 
variety of ways including severe respira- 
tory insufficiency. Prompt diagnosis and 
treatment may be lifesaving. 

(Arch Neurol 35:97-103, 1978) 


yasthenia gravis is a syndrome 
characterized by increasing 
muscle weakness with exercise and 
partial or complete restoration of 
function following rest or the admin- 
istration of anticholinesterase drugs 
(antiChE). Its prevalence is estimated 
to be between 2 to 10 per 100,000, with 
20% of cases having their onset before 
age 20. The variety of clinical 
subtypes is considerable and patients 
may manifest the syndrome in the 
delivery suite, the nursery, the oper- 
ating room, the doctor’s office, and 
the emergency service. Prompt recog- 
nition and treatment may at times be 
lifesaving. 
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JUVENILE MYASTHENIA 

The term juvenile myasthenia has 
been used to encompass all forms of 
myasthenia in childhood? but is more 
useful when restricted to those cases 
that are similar in clinical form and 
autoimmune basis to myasthenia 
gravis of adult onset.’ There is 
evidence both from animal models*^ 
and human studies^'"? of a circulat- 


ing globulin that binds to the acetyl- .- 


choline-AChRP receptor protein 
(AChRP) and thereby functionally 
decreases the number of motor end- 
plates available for binding by acetyl- 
choline (ACh).'*"° 

The first symptoms are always seen 
after 1 year of age; 75% of cases have 
their onset after age 10.*'* Girls are 
affected more frequently than boys. 
The initial symptoms are almost 
always ptosis, unilateral or bilateral, 
and/or diplopia. One patient, a 14- 
year-old flutist, had fatigability of the 
lip muscles while playing. In some 
children the weakness remains limited 
to the extraocular muscles or pro- 
gresses to involve the muscles of facial 
expression only. In others, a general- 
ized weakness develops within two 
years of onset. Dysarthria, dysphagia, 
difficulty chewing, and fatigability of 
the skeletal muscles all can be 
observed. Forty percent of patients 
develop respiratory embarrassment. 
Among all juvenile myasthenies, ap- 


proximately 20% will have a complete 
and permanent spontaneous remis- 
sion of symptoms. These are almost 
always derived from the group with 
symptoms restricted to the extra- 
ocular and facial muscles. 

An acute fulminating form `of 
myasthenia has been described in chil- 
dren from ages 2 to 10, ^* in which a 
respiratory crisis is the initial feature 
of the disease. These children, with no 
prior history of myasthenia, show an 
acute bulbar paralysis progressing to 
dyspnea and cyanosis in 24 hours. The 
syndrome is easily misdiagnosed as 
acute bulbar poliomyelitis or the Guil- 
lain-Barré syndrome. AntiChE have a 
dramatic and lifesaving effect. 

The clinical diagnosis of myas- 
thenia relies on the observation of 
improved strength following the in- 
jection of edrophonium chloride (Ten- 
silon) or neostigmine methylsulfate 
(Prostigmin Methylsulfate). Intrave- 
nously administered edrophonium is 
preferable because the effect is imme- 
diate although short lasting. Neostig- 
mine can be administered either by 
the intramuscular or subcutaneous 
route. There is a delay of ten minutes 
before the weakness is reversed, but 
the improvement may last for more 
than an hour. A specific measured 
end-point for the test, such as size of 
the palpebral fissure, should be agreed 
on before a drug is administered. In 
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some patients, there is a supersensi- 
tivity to edrophonium that results in 
excessive depolarization and respira- 
tory distress. For this reason, it is 
wise to have an apparatus immedi- 
ately available to assist respiration. In 
children more than 10 years old, 1 mg 
of edrophonium is first injected to test 
for supersensitivity. This is evidenced 
by intestinal cramping or fascicula- 
tions. The test dose is then followed by 
an additional 9 mg. 

The electrodiagnostic findings in 
juvenile myasthenia are no different 
from those found in the adult. A 
decrement in the amplitude o? muscle 
action potentials in response to repeti- 
tive stimulation of the nerve has been 
considered a hallmark of the disorder 
since 1941.^ The decrement is best 
demonstrated at a stimulus frequency 
of three or five pulses per second (Hz). 
The amplitude of the muscle action 
potential begins to. decrease by the 
second pulse and is diminished by 
more than 10% by the fourth or fifth 
pulse, after which an increment of 
amplitude is usually noted.” The like- 
lihood of demonstrating the decre- 
mental response is increased by multi- 
ple muscle testing and especially by 
stimulating a proximal muscle such as 
the deltoid. A reversal of the abnormal 
electrical response following an injec- 
tion of edrophonium is a more objec- 
tive method for diagnosis than relying 
on the reversal of clinical signs. 

In selecting a treatment program, it 
is important to make the distinction 
between those cases in which symp- 
toms are limited to the extraocular 
muscles and have a reasonable hope of 
spontaneous remission and those in 
which the disease is generalized. For 
the former, antiChE or steroids may 
be chosen. AntiChE provide sympto- 
matic relief of weakness by decreas- 
ing the rate of breakdown of ACh 
while steroids are directed at the 
autoimmune mechanism of the dis- 
ease. It is reasonable to attempt 
antiChE therapy first because of the 
untoward side effects of long-term 
steroid therapy in children. Orally 
administered neostigmine is the usual 
drug of choice, given at doses that 
relieve symptoms without undue cho- 
linergic side effects. If the patient's 
symptoms are refractory to neostig- 
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mine, or there is little evidence that 
the patient is going into spontaneous 
remission after a year of therapy, 
steroid therapy should be started. 

In some patients the initiation of 
steroid therapy at high doses may 
temporarily increase weakness. This 
hazard can be mitigated by concomi- 
tant withdrawal of antiChE,? but for 
outpatient administration a gradually 
increasing dose schedule of predni- 
sone is recommended.” In children 
over 10 years of age, an initial dose of 
20 mg every other day can be 
inereased in increments of 5 to 10 
mg/week until an optimal effect is 
obtained on the  every-other-day 
schedule. As the patient improves, the 
dose is tapered to the lower level that 
maintains strength. Prednisone is 
more effective than neostigmine in 
the treatment of ocular myasthe- 
nia.” 

In generalized myasthenia, we are 
recommending early thymectomy fol- 
lowed by steroid therapy.” Thymec- 
tomy alone provides substantial im- 
provement and, at times, complete 
remission in juvenile myasthenia.” 
While there is no evidence at this time 
that the combination of thymectomy 
and steroid therapy yields better long- 
term results than steroids alone, it is 
possible that thymectomy may reduce 
the time that steroids will be needed. 
Prednisone can be started at high 
doses the day after thymectomy while 
the patient is still in the Intensive 
Care Unit and undergoing strict 
respiratory monitoring. In children 10 
years of age and older, we have used 
100 mg every day for the first three 
days and then switched to alternate 
day therapy. As the child becomes 
stronger, the dose is gradually re- 
duced to the lowest possible level that 
will maintain maximal strength. A 
maintenance dose of 25 mg every 
other day for children in the second 
decade and 15 mg every day for chil- 
dren less than 10 is common. 


MYASTHENIA IN THE NEWBORN 


Transitory Neonatal Myasthenia.—In 
1942, Strickroot et al” described an 
infant born to a myasthenic mother. 
The infant developed generalized 
weakness on the third day of life and 
died of respiratory failure on the 


seventh. Eighty patients with neona- 
tal myasthenia had been reported by 
1970 when the literature was reviewed 
by Namba et al' and two further 
eases added. The term is now re- 
stricted in use to those infants, born to 
myasthenic mothers, who demon- 
strate transitory weakness in the 
newborn period. The syndrome pro- 
vided early support for the hypothesis 
incriminating a circulating factor for 
the weakness. 

The incidence of the syndrome 
among babies born to myasthenic 
mothers was deduced to be 1295" by 
the compilation of other series. 
The mothers all had generalized myas- 
thenia but not all required antiChE 
during pregnancy. No correlation 
could be drawn between the severity 
or duration of the mother's illness and 
the degree of weakness in the 
newborn. The birth of an infant with 
neonatal myasthenia increases the 
chance that subsequent children will 
be similarly affected. 

The onset of symptoms on the third 
day, as described in the original 
report, is now known to be atypical. In 
78% of babies, weakness is noted on 
the first day, usually within hours of 
birth. The course is characterized by 
rapid worsening followed by gradual 
improvement. The mean duration of 
symptoms is 18 days with a range of 5 
to 47 days. The most common clinical 
manifestation is difficulty in feeding 
(87%). The infants are eager to feed 
but the sucking response fatigues so 
quickly that adequate nourishment is 
impossible. Generalized weakness and 
hypotonia are present in 69% and may 
be of sufficient magnitude to cause 
respiratory difficulty. Feeble cry and 
weak facial expression are noted in 
50% to 60% of babies, but limitation of 
eye movement and ptosis are noted in 
only 15%. Death may occur in the 
absence of adequate treatment. Au- 
topsies have revealed atelectasis, 
pulmonary congestion, and bronchial 
obstruction. 

The clinical diagnosis is confirmed 
by the intramuscular or subcutaneous 
injection of 0.1 mg of edrophonium 
chloride. An apparently false negative 
neostigmine methylsulfate test result 
in neonatal myasthenia has been 
recorded,* but  edrophonium has 
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proved to be uniformly accurate for 
diagnosis. Larger doses of edrophon- 
ium, even in nonmyasthenic new- 
borns, may cause respiratory arrest 
and should be avoided. 

Electrodiagnosis in neonatal myas- 
thenia shows normal motor nerve 
conduction velocity, muscle action 
potentials, and amplitudes. Repetitive 
nerve stimulation at rates of 10 to 50 
Hz produces a fatigue of transmis- 
sion.”° 

The therapeutic management of 
neonatal myasthenia is directed at 
providing support of respiration and 
feeding until the weakness sponta- 
neously remits. In 20% of cases, the 
symptoms are mild and drug therapy 
is unnecessary. Frequent small oral 
feedings are sufficient to maintain 
adequate nutrition. In more severely 
affected infants, 0.1 mg of neostig- 
mine methylsulfate administered 20 
minutes prior to feeding is a reason- 
able initial dose from which to gauge 
the response to therapy. From this 
observation, more exact dosages, 
which provide ease of feeding and 
respiration without excessive cholin- 
ergic side effects, can be titrated. As 
symptoms abate, dose size and fre- 
quency of administration must be 
decreased accordingly. Orally admin- 
istered neostigmine may be used at a 
dose ten times the parenteral level 
when the swallowing mechanism be- 
comes competent. 

A single case has been reported in 
which an infant with transitory neo- 
natal myasthenia born of a myasthen- 
ic mother later developed juvenile 
myasthenia. This child had severe 
feeding problems at birth that disap- 
peared in several weeks without treat- 
ment. He was then well until age 2 
when a generalized form of myas- 
thenia developed that became pro- 
gressively worse until age 9 years. 

Congenital Myasthenia.—This syn- 
drome was first described by Bow- 
man" and later elaborated by Levin^ 
to encompass a group of cases in 
which the common features were (1) 
the absence of myasthenia in the 
mother but a tendency for familial 
occurrence in other siblings, (2) the 
presence of symptoms at birth or 
shortly thereafter, and (3) prominent 
involvement of the extraocular mus- 
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cles with little or no generalized weak- 


ness Many small series of this 
syndrome have since been  re- 
ported. 2.3.39-41 


The mechanism of the disease 
appears to be on a genetic basis rather 
than due to a circulating factor in the 
mother. The case of Mackay” in which 
one of binovular twins was affected 
while the other had no evidence of a 
myasthenic response, even after injec- 
tion with tubocurarine, exemplifies 
this point. 

Genetic factors are important in 
congenital myasthenia as well as in 
many other forms of myasthenia 
occurring in childhood. While familial 
cases of myasthenia (excluding the 
transitory neonatal form) account for 
only 4% of patients at all ages; 42% of 
familial cases have their onset before 
age 2 and 66% before age 20.**** 

The ophthalmoplegia may be incom- 
plete but is almost always symmet- 
rical and permanent. Facial weakness 
is frequently associated and may be of 
sufficient magnitude to interfere 
with feeding. While most authors 
imply that generalized weakness is 
not a feature of this disease, mild but 
abnormal fatigability of skeletal mus- 
cles is not uncommon and progression 
to severe generalized weakness, 
though unusual, may be encountered. 
No complete remissions have been 
described. 

The family described by Walsh and 
Hoyt? and again by Ford,** which 
includes four affected brothers and 
two normal sisters, exemplifies the 
spectrum of this disorder. The boys all 
demonstrated identical oculomotor 
palsies characterized by mild bilateral 
ptosis that increased on exercise, 
absent lateral gaze, minimal upward 
and almost normal downward move- 
ments of the eyes. The oldest brother 
displayed weakness of the skeletal 
muscles at age 2, which became 
progressively worse, resulting in se- 
vere shoulder and pelvic girdle weak- 
ness sufficient to require the use of a 
wheelchair. An injection of neostig 
mine methylsulfate produced a dra- 
matic response that reversed the 
ophthalmoplegia and allowed him to 
walk almost normally. His three 
younger brothers demonstrated only 
minimal weakness of the extremi- 


ties with prominent ophthalmoplegic 
signs. 

The patient reported as having 
“myasthenia gravis with features 
resembling muscular dystrophy"" 
probably belongs to this category and 
represents one of the few congenital 
myasthenies observed into adult life. 
She was 37 when myasthenia was 
diagnosed although ophthalmoplegia 
had been present for "as long as her 
parents could remember." She began 
walking at 15 months of age but had 
considerable diffieulty and fell fre- 
quently. Although markedly hypo- 
tonie throughout childhood, she im- 
proved during adolescence and mar- 
ried at age 28. Her strength improved 
considerably during two pregnancies. 
At age 34, negative results of a neo- 
stigmine test were recorded and a 
muscle biopsy showed mild myopathic 
changes. Reevaluation at age 37 was 
prompted by increasing limb-girdle 
weakness, and complete external oph- 
thalmoplegia without dysarthria or 
dysphagia was noted. A consistent 
improvement was recorded when ei- 
ther edrophonium chloride or neostig- 
mine methylsulfate were adminis- 
tered parenterally. 

Electrodiagnostic examination in 
congenital myasthenia has been re- 
ported in two siblings whose major 
symptoms were confined to the eyes." 
In the skeletal muscle an excess of 
small polyphasic motor unit potentials 
of short duration, consistent with a 
myopathic process, was recorded. The 
interference pattern was normal. A 
decremental response was observed 
on repetitive stimulation at the rate of 
13 Hz. After 24% minutes, the ampli- 
tude of the response was less than half 
of that obtained at the beginning of 
the examination, but increased 15 
seconds after edrophonium chloride 
was injected. Electromyography of 
the lateral rectus muscle was per- 
formed using a concentric needle elec- 
trode. Attempts at lateral gaze pro- 
duced a strong interference pattern of 
low amplitude even though eye move- 
ment was greatly restricted. Short- 
duration low-amplitude polyphasics 
were recorded from the eye muscle as 
well. 

AntiChE have been useful in treat- 
ing the facial and skeletal muscle 
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weakness of congenital myasthenia 
but are of limited value in reversing 
the ophthalmoplegia. No large series 
have been reported describing the 
value of either steroid therapy or 
thymectomy in this group. In a 
patient of mine who had ptosis and 
marked ophthalmoplegia from birth, 
thymectomy at 22 months of age 
followed by alternate day steroid 
therapy failed to improve the extraoc- 
ular weakness during the two postop- 
erative years. 

Familial Infantile Myasthenia.—The 
first cases of familial infantile myas- 
thenia were reported by Greer and 
Schotland* in two siblings. Two other 
siblings with similar clinical features 
were subsequently described by Cono- 
my and colleagues,* and a fifth 
example in a firstborn has been 
observed and followed up at Vander- 
bilt Hospital (A. W. Kilroy, oral 
communication). The essential fea- 
tures of this group are (1) the absence 
of myasthenia in the mother but a 
familial occurrence in other siblings, 
(2) severe respiratory and feeding 
diffieulties at birth, (3) no evidence of 
limitation in extraocular motility, (4) 
a tendency for spontaneous remission, 
and (5) late recurrence of apnea with 
infection. 

In the original report, the infant 
was flaccid and cyanotic at birth 
requiring positive pressure oxygen for 
resuscitation. Examination showed an 
expressionless face and a lack of spon- 
taneous activity in the limbs, but no 
evidence of ophthalmoplegia. The 
first two days of life were marked by 
repeated episodes of severe apnea and 
cyanosis. The diagnosis of myasthenia 
was made after the injection of neostig- 
mine methylsulfate, which increased 
Spontaneous activity, facial move- 
ments, and swallowing within ten 
minutes. The child required repeated 
injections for six days, after which 
strength improved spontaneously and 
no further medication was needed. At 
12 weeks of age, there was no evidence 
of neuromuscular disease. The family 
history revealed an older female sibling 
who had demonstrated a similar neona- 
tal course 1% years previously. She 
received no medication but recovered 
spontaneously at the end of the first 
week. At 3% months of age, she devel- 
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oped severe respiratory distress and 
died. 

The occurrence of sudden infant 
death in familial infantile myasthenia 
was stressed in the second report of 
Conomy et al.* Their patient was also 
cyanotic and hypotonic at birth and 
required mechanical ventilation to 
support respiration. By 2 weeks of 
age, he had recovered from the initial 
weakness and remained well for three 
months when he had a choking 
episode. Episodic weakness, dyspha- 
gia, and respiratory distress in the 
absence of external ophthalmoplegia 
recurred until 18 months of age when 
the diagnosis of myasthenia was made 
by an edrophonium chloride test. He 
has since required maintenance on 
antiChE. A female sibling with a 
similar syndrome had died seven 
years previously during an episode of 
respiratory insufficiency. 

The patient referred to Vanderbilt 
had shown an identical picture at 
birth. Diagnosis was made on the 15th 
day by a repetitive stimulation study 
that demonstrated a decremental re- 
sponse, greater than 25%, at rates of 2 
and 5 Hz, which was reversed by 
edrophonium chloride administration. 
Needle electromyography of the skel- 
etal muscles showed normal findings. 
AntiChE completely reversed the clin- 
ical syndrome and abolished the decre- 
mental response. 

The child’s need for medication 
gradually decreased and was discon- 
tinued at age 6 months. At 8 months 
of age, results of electrodiagnostic 
studies were entirely normal. At 1 
year, he returned with evidence of 
weakness of extraocular motility and 
required antiChE again. 

This syndrome differs from the 
neonatal form in that the mothers are 
not myasthenic and the duration of 
symptoms is longer. It also differs 
from the congenital form because of 
the lack of ophthalmoplegia and the 
tendency for spontaneous remission. 

No clue is available as to the mecha- 
nism of the neuromuscular defect. It 
has the highest mortality of any of the 
forms encountered in the newborn 
period. Early diagnosis is essential in 
order to initiate therapy. AntiChE 
should be continued as long as any 
clinical or electrophysiological evi- 


dence of myasthenia persists. Steroid 
therapy has not yet been employed for 
treatment. 

Acetylcholinesterase (AChE) Defi- 
ciency.—This new myasthenic syn- 
drome is represented by the single 
case reported by Engel and col- 
leagues.” At 5 days of age, a Hindu 
boy was noted to have ptosis that 
improved after sleeping. Neostigmine 
and edrophonium tests during the 
first year had negative results. Motor 
milestones were delayed, and inter- 
mittent strabismus and weakness 
were noted on exertion. Treatment 
with antiChE at age 5 was without 
effect, and at age 11 respiratory 
distress accompanied a common cold. 
At 14 the boy's condition was evalu- 
ated at the Mayo Clinic and weakness 
of the external ocular, bulbar, and 
skeletal muscles was found. Proximal 
weakness was greater than distal 
weakness and increased with exercise. 
The tendon reflexes were absent in 
the upper extremities and difficult to 
elicit in the legs. 

Extensive investigation revealed 
small nerve terminals, reduced ACh 
release, and a deficiency of end-plate 
AChE. A congenital defect in the 
assembly or attachment of AChE to 
the postsynaptic membrane was pos- 
tulated as the basic abnormality, 
although the possibility of a pre- 
synaptie disturbance could not be 
ruled out entirely. 

Repetitive muscle action potentials, 
similar to those observed in patients 
using antiChE, were recorded in 
response to single nerve stimulation. 
A decremental response was elicited 
that did not respond to edrophonium. 
Although the weakness was unrespon- 
sive to antiChE and guanidine, a drug 
that enhances the release of ACh, a 
sustained clinical improvement was 
attained with prednisone even though 
the electrophysiological abnormalities 
were not corrected. 


LIMB-GIRDLE MYASTHENIA 


This section includes a heteroge- 
nous group of cases that have in 
common the rapid onset of symmet- 
rieal proximal weakness in adoles- 
cence with sparing of extraocular 
motility. The term "limb-girdle myas- 
thenia” was coined by McQuillen*' to 
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describe a sister and brother who 
developed symmetrical proximal 
weakness at ages 13 and 14, respec- 
tively. Neither child had ocular or 
bulbar weakness. The tendon reflexes 
were present though hypoactive. An 
injection of neostigmine reversed the 
weakness and normal power was 
maintained by the oral administration 
of antiChE. Muscle biopsy specimens 
were normal, but repetitive stimula- 
tion studies demonstrated a decre- 
mental response reversed by neostig- 
mine. Needle electromyography sug- 
gested a myopathy because of the 
presence of polyphasic action poten- 
tials of short duration. The interfer- 
ence pattern, though mixed, could be 
improved by edrophonium adminis- 
tration. 

A second family with four of eight 
siblings affected has been described 
by Campa and colleagues." The 
patients were in their fifth to seventh 
decade at the time of examination but 
all had the onset of sudden proximal 
weakness at ages 13 and 14. The weak- 
ness progressed gradually over a four- 
year period but then remained sta- 
tionary and mild throughout adult 
life. Weakness of the neck, trunk, and 
proximal limb muscles responded to 
antiChE and steroid therapy. The 
ocular and bulbar muscles were 
spared. Tendon reflexes were present 
although hypoactive throughout. Elec- 
trodiagnostic findings were similar to 
those described by McQuillen.*' Muscle 
biopsies performed in three of the 
siblings revealed intracellular depos- 
its with the histochemical and ultra- 
structural features of tubular aggre- 
gates. These morphological changes 
need not distinguish this family from 
the cases described in this section, as 
the duration of symptoms at the time 
of biopsy were 30 to 40 years longer 
than in any of the other patients. 

A sporadic example of limb-girdle 
myasthenia was evaluated and 
treated at Vanderbilt Hospital. The 
patient was a 14-year-old boy who 
rapidly developed a stationary limb- 
girdle weakness with some loss of 
facial expression but sparing of ocular 
and other bulbar functions. The ten- 
don reflexes were hypoactive but 
present. A diagnosis of myasthenia 
was made by the demonstration of a 
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decremental response on repetitive 
stimulation, which was rapidly re- 
versed by the injection of edrophon- 
ium chloride. Needle electromyogra- 
phy suggested myopathy because of 
the presence of polyphasic potentials 
of short duration and amplitude. 
Muscle biopsy specimens demon- 
strated a few angulated fibers but 
otherwise were normal. The boy was 
first treated with antiChE, but, after 
an initial improvement in strength, he 
returned much weaker a year later. 
Thymectomy was performed, and in 
three months increasing strength was 
seen. One year after thymectomy, 
neither proximal weakness nor fatiga- 
bility could be detected. AntiChE 
were tapered without diffieulty and 
he has since been lost to follow-up. 


MYASTHENIC SYNDROMES 


Malignancy.—Lambert and co-work- 
ers first described a defect in neuro- 
muscular transmission in association 
with malignant tumors in 1956, which 
is now referred to as the Eaton- 
Lambert syndrome.*^' Subsequent 
evidence indicates a defect in the 
release of ACh quanta rather than a 
receptor site abnormality.” 

Ocular and bulbar symptoms are 
rarely encountered as initial features, 
and the weakness is confined mainly 
to the trunk and extremities. The 
response to antiChE is variable, and 
guanidine is the more effective thera- 
peutic agent. Rapid rates of nerve 
stimulation produce a marked incre- 
ment in the amplitude of action poten- 
tials, which is diagnostic. Although 
common in adults, there is only one 
documented report in a child. The 
patient was a 10-year-old boy who had 
bone pain and cachexia of one month's 
duration. His neurological examina- 
tion revealed ptosis, disturbed vertical 
eye movement, proximal girdle weak- 
ness, and areflexia. Repetitive stimu- 
lation at 3 Hz revealed a continuous 
decline in the amplitude of potentials, 
while stimulation at rates of 25 Hz 
evoked an increment of 170%. The 
weakness was not responsive to 
antiChE. A diagnosis of leukemia was 
made by bone marrow aspiration, and 
the child subsequently died. 

Myasthenia and cerebellar ataxia 
have been recorded as initial syn- 


dromes in a 3-year-old girl with neuro- 
blastoma."" Cerebellar ataxia has long 
been recognized in association with 
neuroblastoma"! but myasthenia, ei- 
ther alone or in combination with 
ataxia, had not been reported pre- 
viously. The clinical signs were more 
typical of juvenile myasthenia than 
the Eaton-Lambert syndrome, but 
repetitive stimulation studies were 
not performed. The patient had ptosis, 
ophthalmoplegia, and ataxia. Over a 
four-month period of observation, the 
ataxia was variable but the eye find- 
ings constant. Seven months after 
onset, the weakness intensified and 
was characterized by complete exter- 
nal ophthalmoplegia, an expression- 
less face, and almost complete inabili- 
ty to stand. An edrophonium chloride 
test reversed the symptoms. The 
weakness improved on oral antiChE 
therapy. At this time, x-ray films of 
the chest showed an opacity at the 
base of the left side that proved to be 
a neuroblastoma. Following surgical 
enucleation of the tumor, both the 
ataxia and the myasthenia disap- 
peared. Radioactive therapy was ad- 
ministered and results of the neuro- 
logical examination remained normal 
during 18 months of follow-up. 
Thymoma is observed in a small 
percentage of organs removed at 
thymectomy and may represent a 
stage in the thymitis and thymic 
hyperplasia that characterize the dis- 
ease. However, malignant thymoma, 
which is encountered especially in 
older men, is not seen in children. 
Collagen Vascular Disease.—The con- 
comitance of myasthenia with other 
disorders presumed to have an au- 
toimmune basis, especially collagen 
vascular disease, frequently has been 
reported in adults. In childhood, the 
association is chiefly with systemic 
lupus erythematosus (SLE) and rheu- 
matoid arthritis (RA). While weak- 
ness and fatigability are reasonably 
common symptoms in SLE,**** the 
occurrence of myasthenia is rarely 
encountered.” The cases are limited to 
girls, and the onset of myasthenia 
usually precedes the onset of SLE. 
Hackett and colleagues® described an 
ll-year-old girl who developed ocular 
and generalized weakness diagnosed 
as myasthenia gravis and responsive 


Myasthenia—Feniche! 101 


to antiChE. Five years later, an 
arthritis was noted that proved to be 
the first symptom of a relentlessly 
progressive form of SLE that led to 
her death within one year. 

In reviewing the association be- 
tween arthritis and myasthenia grav- 
is, a single case is reported.“ The child 
developed juvenile RA at 14 years of 
age and myasthenia at age 18. The RA 
went into complete and permanent 
remission at age 23, and the myas- 
thenia was responsive to antiChE. 

Antibiotics.—A number of antibiot- 
ies are now recognized as producing a 
disturbance in neuromuscular trans- 
mission that may manifest itself as a 
myasthenie syndrome with marked 
generalized weakness including respi- 
ratory embarrassment. The syndrome 
was reviewed by McQuillen and asso- 
ciates." Many of the cases follow 
surgery. Possibly, the symptoms are 
augmented by the use of neuromus- 
cular blocking agents. 

The disorder differs from naturally 
occurring myasthenia in that there is 
substantial paralysis of parasympa- 
thetic function, including widely di- 
lated pupils and atonicity of the blad- 
der. The mechanism of neuromuscular 
blockade is believed to be an impaired 
release of ACh. The symptoms are 
responsive to calcium infusion. The 
antibiotics that have been implicated 
include neomycin sulfate, streptomy- 
cin sulfate, dihydrostreptomycin sul- 
fate, kanamycin sulfate, polymyxin B 
sulfate, bacitracin, lincomycin hy- 
drochloride monohydrate, and colistin 
sulfate. 

Botulism in Infancy.—On most recent 
count, 20 documented cases of botu- 
lism in infancy have been reported in 
the year following the first apprecia- 
tion of the clinical entity. The disorder 
must be relatively common and may 
explain many undiagnosed cases of 
transitory hypotonia in infancy. Botu- 
lism is a food poisoning that ordi- 
narily results from the ingestion of 
preformed toxin from the organism 
Clostridium botulinum. This is not 
the mechanism in infants. They are 
believed to ingest C botulinum spores 
or vegetative cells, which colonize the 
intestinal traet and produce toxin in 
situ. The organism is not part of the 
normal enteric flora of infancy. Like 
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the antibioties, the toxin interferes 
with both neuromuscular and auton- 
omic synaptic transmission. 

The clinical syndrome is character- 
ized by generalized, profound weak- 
ness and hypotonia of bulbar and skel- 
etal muscle. Extraocular motility is 
relatively spared but ptosis is com- 
mon. The weakness progresses rapidly 
and may lead to respiratory arrest. 
Botulism is distinguished from myas- 
thenia by the presence of dilated 
pupils that respond poorly to light and 
the frequent absence of deep tendon 
reflexes. Diagnosis is suggested by 
electromyography, which shows brief 
duration, small amplitude, and overly 
abundant motor unit action potentials 
that, though common to all cases, are 
not unique to the disease. The demon- 
stration of the toxin and/or organism 
in the feces confirms the clinical 
suspicion. 

Intensive care is necessary during 
the hypotonic phase as respiratory 
insufficiency is a constant danger. 
The infants recover spontaneously 
although the mechanism by which the 
process reverses is obscure. There is 
no clear evidence that antitoxins or 
antibiotics have any influence on the 
course of illness. 


CONCLUSIONS 


The variety of myasthenic syn- 
dromes encountered in infancy and 
childhood is much richer than seen in 
the adult. Most common are cases that 
are identical to adult myasthenia, 
both in clinical presentation and 
autoimmune mechanism. Thus juve- 
nile and adult myasthenia may be 
considered the same disease in differ- 
ent age groups. 

The high incidence of familial 
occurrence in congenital, familial 
infantile, and limb-girdle myasthenia 
indicates the importance of underly- 
ing genetic factors in the pathophys- 
iology of these syndromes. The possi- 
bility that autoimmune defects may 
also be contributory has not been fully 
explored. The differential diagnosis of 
a myasthenic syndrome in the new- 
born is especially challenging because 
of the possibility of four naturally 
occurring syndromes in this age 
group, as well as botulism and anti- 
biotic-induced weakness. Malignancy 


and collagen vascular disease, which 
are important considerations in some 
adult myasthenic syndromes, are rare- 
ly encountered as the basis of a defect 
in neuromuscular transmission in chil- 
dren. No explanation for this dis- 
crepancy is available. 

The diagnosis of myasthenia and its 
differentiation into clinical subtypes 
relies heavily on clinical awareness 
and electrophysiological ^ testing. 
Prompt diagnosis may at times be 
lifesaving, and the development of 
rational treatment programs will de- 
pend heavily on further elucidation of 
the pathophysiology of the various 
syndromes. 
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Error in Flow Chart.—In the article titled “Simultaneous Determination of 
Skeletal Muscle Fiber, Types I, IIA, and IIB by Histochemistry,” published in the 


March ARCHIVES (34:171-173, 1977), there was an error in the flow chart on page 173. 
Part 1 under section B should read “For 500 ml, add 3.72 gm glycerine plus 5.0 gm 
anhydrous CaCl, to yield 0.1M solution and 1% solution, respectively.” 
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Neonatal Paroxysmal 


Monorhythmic Alpha Activity 


Thomas A. Knauss, MD, PhD, Coldevin B. Carlson, MD 


e Thirteen infants with neonatal sei- 
zures showed paroxysmal monorhythmic 
electrographic activity, predominantly in 
the alpha range (8 to 13 Hz) and localized 
to the rolandic cortical areas. This 
rhythmic discharge, which is commonly 
lateralized, represents an electrical sei- 
zure discharge. Such discharges may 
exist as the only electrographic seizure 
activity, but in the majority of cases (8/13) 
independent epileptiform discharges are 
observed in other cortical areas. All 
infants with paroxysmal monorhythmic 
alpha activity had clinically observed 
seizures. 

Computerized tomography performed 
six or more weeks after observing the 


onorhythmie abnormalities of 
the electroencephalogram have 

been clinically associated with status 
epilepticus in the newborn infant.'* 
One particular pattern has been 
observed to have frequencies in the 
alpha range (8 to 13 Hz) and is thought 
to represent an electrical seizure 
discharge. This pattern is localized to 
the rolandie and occipital areas, and 
when focality exists there is preferen- 
tial propagation of the electrical 
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electrographic abnormality demonstrated 
diffuse as well as localized cortical 
atrophy in a distribution similar to the 
monorhythmic alpha activity. In other 
cases, localized monorhythmic alpha ac- 
tivity was correlated on subsequent evalu- 
ations with focal neurological abnormali- 
ties (eg, hemiparesis and hemiatrophy) 
and a high incidence of microcephaly 
(83%). 

On the basis of these findings, we 
suggest that encephalomalacia may be 
important in the pathogenesis of parox- 
ysmal monorhythmic alpha seizures in the 
neonate. 

(Arch Neurol 35:104-107, 1978) 


discharge to the contralateral cortical 
region. Variations in its amplitude 
and frequency have been observed, 
but the infrequent occurrence of a 
bilateral synchronous electrical dis- 
charge has been attributed to the 
immaturity of the neonatal central 
nervous system rather than to a 
pathophysiological mechanism. We 
have observed this EEG abnormality 
in 13 infants, and in this communica- 
tion electroencephalographic, radio- 
graphic, and clinical findings are 
correlated. 


SUBJECTS AND METHODS 


Thirteen neonates with seizures within 
the first two weeks of life while hospital- 
ized at the Neonatal Intensive Care Unit 


(NICU) at the Children’s Orthopedic Hos- 
pital and Medical Center were subjects of 
this study. All the infants studied had term 
gestations; the male-female ratio was 7:6. 
The perinatal histories were reviewed, and 
each infant underwent a detailed neurolog- 
ical examination. On admission, all infants 
had determinations of serum levels of 
calcium, glucose, electrolytes, and blood 
gases while breathing room air. When 
appropriate, determinations of urinary 
amino acid excretion were performed. 
Electroencephalograms, CSF examina- 
tions, and skull roentgenograms were 
obtained in all cases. Electroencepha- 
lograms were recorded with a time 
constant of 0.3 seconds and the amplifica- 
tion 50 uV/7.5 mm. Further diagnostic 
procedures such as brain scans, subdural 
taps, ventrieulograms, and computerized 
tomography were performed in several 
cases, after appropriate informed consent 
was obtained. Twelve of the infants have 
had subsequent evaluation with serial 
neurological examination and develop- 
mental assessment up to 12 months of 
age. 


RESULTS 


The electrographic pattern asso- 
ciated with paroxysmal monorhyth- 
mic alpha activity varies in frequency 
from 5 to 15 Hz, but the predominant 
frequency is in the alpha range (8 to 
13 Hz), and its amplitude is 7 to 375 pV 
(Table 1). It is almost invariably local- 
ized to the rolandie areas, and 
although the initial occurrence of this 
electrical event may be localized to 
one hemisphere, it preferentially 
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Table 1.—EEG Findings 


: Electrographic Activity 
qM M hh —— — 


Onset, Duration, ^. Frequency, Amplitude, 
Patient Day sec Ll — MER uM 
24-375 

14-60 

15-26 

7-22 

15-45 


7.5-70 


15-45 


Localization 
Left rolandic 


Right frontal 

Right rolandic 
Left, right rolandic 
Left rolandic 


Frontal (left, 10 Hz; 
right, 8 Hz) 


Left — right rolan- 
dic 


Other EEG 
Findings 
Focal 2-Hz slowing, 
left rolandic 

Multifocal sharp 
waves 

Multifocal sharp 
waves 

Right frontal sharp 
waves 

Depression of left 
rolandic voltage 

Sharp waves, right 
> left central ar- 
eas 

Multifocal sharp 
waves 


Clinical 
Seizure 
Type 
Clonic 


Tonic with 
clonic 

Tonic 

Tonic 


Tonic 


Tonic with 
clonic 


Tonic with 
clonic 


Follow-up 
Examination 


Macrocephaly with 
multiple cysts 


Microcephalic 
Kleeblatschaedel 
Died 
Microcephalic, 
right hemiparesis 
Microcephalic, left 


hemiparesis 


Died 


110-120 


propagates to the contralateral corti- 
cal region. Its duration is most often 
less than two minutes, and clinical 
correlates of this seizure activity are 
unusual. ; 


15-67 Right > left rolan- 
dic 


7.5-22.5 Rolandic 


Periodic bursts of 


No follow-up 


Tonic Microcephalic 


frontal sharp 
waves and spikes 


15-100 Left rolandic 
ing 
22-53 Left rolandic 
waves 
15 Right rolandic 


7.5-15 Frontal 


HCO., Ca, 
mEq /liter mg/100 mi 


Na’, 
mEq /liter 


6.0-9.4 





ciated with apnea. 

The incidence of various clinical and 
laboratory findings are summarized 
below and in Table 2: 


Multifocal or focal sharp wave h x 

j Patients 
discharges are, however, seen in other gai noc 100 
cortical areas and especially the fron- ^ Abnormal suck 92 
tal derivations. Clinically observed Hypotonia 85 
seizure activity that was independent Abnormal Moro reflex 69 
of the paroxysmal alpha rhythmicity Apgar score < 4 at 1 minute 61 
was present in all of the infants stud- Perinatal complications 61 
ied. Sixty-nine percent of the clini- Acidosis 54 
cally observed neonatal seizures were Hypoxemia | 38 
tonic, and 54% had a multifocal clonic Hypoglycemia xa 
component. Three infants had apneic a MR. $ 
episodes preceding the observation of CSF abnormality 31 


clinical seizure activity; in one infant, 
a multifocal seizure disorder was asso- 
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Metabolie abnormalities were con- 


Focal 1.5- to 2-Hz 
left rolandic slow- 


Right frontal sharp 


Vertex spikes 


Multifocal, 
clonic 


Microcephalic, fa- 
cial diplegia 
Tonic Microcephalic, 
right hemiatrophy 
Multifocal, Microcephalic 
clonic 
Multifocal, 
clonic 


Microcephalic 


CSF CSF 
Protein, Glucose, 
mg/100 ml mg/100 ml 


Serum 
Glucose, 
mg/100 ml 


firmed in all but one infant, who was 
believed to have had an intracranial 
hemorrhage. Acidosis was present in 
54% of the infants and was equally 
divided between a metabolic and a 
compensated respiratory acidosis. Hy- 
poxemia was present in 38% of the 
infants at the time of hospitalization, 
and evidence for perinatal asphyxia 
based on a one-minute Apgar score of 
4 or less was demonstrated in 61% of 
the infants. Other associated meta- 
bolie abnormalities include hypogly- 
cemia, hypocaleemia, and hypona- 
tremia. The CSF protein concentra- 
tion was abnormally elevated in only 
one infant, and hypoglycorrhachia 
was confirmed in two infants who had 
serum glucose determinations of 25 
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Sor 


Top, Well-modulated alpha rhythmicity (9 Hz) is localized to left 
rolandic area and is maximally seen in leads 6 and 10 at 3 days of 
age. On day 5, suppression of EEG voltages is seen in distribution 
similar to monorhythmic alpha activity seen on day 3. Bottom, 
Computerized tomogram shows cortical atrophy in distribution of 
left middle cerebral artery at 6 weeks of age. Subsequent 
examination disclosed right hemiparesis and hemiatrophy. 
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and 33 mg/100 ml. 

Paroxysmal monorhythmic dis- 
charges, which have a frequency in 
the alpha range, can represent electro- 
graphic seizure discharges. Such dis- 
charges may represent the only type 
of electrographic seizure, but in the 
majority of cases (8/13) independent 
epileptiform discharges were ob- 
served. In three infants with diffuse 
monorhythmic alpha discharges over 
both rolandic areas, subsequent com- 
puterized tomograms showed diffuse 
cortical atrophy. Localized paroxys- 
mal monorhythmic alpha discharges 
were correlated with focal neurolog- 
ical deficits in an additional three 
cases. Case 5 illustrates the sequential 
findings of a localized alpha rhythmic- 
ity, voltage suppression in a similar 
distribution to the alpha activity, and 
subsequent development of cortical 
atrophy, which is in the distribution of 
the left middle cerebral artery (Fig- 
ure). 

The mortality among infants with 
this neonatal alpha activity was 15%. 
One infant showed a hemorrhagic 
periventrieular leukomalacia and a 
right cerebellar hemorrhage at the 
time of autopsy. Eighty-three percent 
of the surviving infants were micro- 
cephalie on subsequent examination; 
one infant had multicystic brain 
disease requiring a ventriculoperito- 
neal shunt for hydrocephalus. All of 
the surviving infants seen at 1 year of 
age had abnormal development as 
assessed by the Denver Develop- 
mental Screening Test. 


COMMENT 


The normal neonatal EEG during 
wakefulness shows an asynchronous, 
low-voltage, 2- to 5-Hz rhythmicity, 
which increases in amplitude and 
becomes more periodic with sleep.* By 
12 to 18 months of age, a distinctive 
occipital rhythm that is reactive to 
stimuli has developed. This rhyth- 
micity increases in frequency, and by 
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7 to 8 years of age is within the alpha 
range (8 to 13 Hz). 

The normal alpha rhythm has a 
characteristic topography and pattern 
of response to extraneous stimuli.^^ 
Paroxysmal monorhythmic alpha fre- 
quencies that are unresponsive to 
stimuli and localized to the rolandic 
areas are characteristic of electrical 
seizures. Although this electrocortical 
activity is not usually associated with 
clinical concomitants, epileptiform 
discharges are often seen indepen- 
dently in other cortical areas and 
especially the frontal derivations. In 
this study, two thirds of the infants 
had tonic seizures and one half of the 
infants had clonic seizures during 
their clinical course. However, the 
clinically observed seizures were often 
independent of the paroxysmal mon- 
orhythmic alpha rhythmicity. 

This EEG abnormality has a similar 
prognostic significance to burst sup- 
pression following an anoxic insult.’ 
All the infants followed up prospec- 
tively in this study have shown subse- 
quent neurological abnormalities such 
as hemiparesis and hemiatrophy, mi- 
crocephaly, or congenital malforma- 
tions of the central nervous system. In 
the one infant who died, hemorrhagic 
periventricular leukomalacia was ob- 
served at autopsy. The EEG findings 
of voltage suppression in the dis- 
tribution of the monorhythmic alpha 
rhythmicity, the confirmation of sub- 
sequent cortical atrophy by computer- 
ized tomography, and the high inci- 


* dence (83%) of microcephaly asso- 


ciated with paroxysmal alpha activity 
suggest that cortical atrophy is asso- 
ciated with this distinctive EEG 
abnormality. 

The presence of diffuse alpha 
frequencies that are unresponsive to 
stimuli and not localized to the occip- 
ital area, in association with coma 
following an anoxic insult, have been 
described in adult patients.* In these 
patients, neuropathological findings 


of neuronal loss and astrocytic prolif- 
eration have been observed in layers 
IV, V, and VI of the neocortex. Since 
this study included only one infant 
examined pathologically, who showed 
leukomalacia, its importance in pro- 
ducing the alpha activity is only 
speculative. Nevertheless, the rolandic 
distribution of this electroencephalo- 
graphic abnormality is consistent 
with dysfunction in the distribution of 
the periventricular arterial wa- 
tershed.* It is therefore probable that 
cerebral ischemia is pathophysiologi- 
cally important in the genesis of this 
lesion and the electroencephalograph- 
ie finding of paroxysmal monorhyth- 
mic alpha activity, which represents 
an electrical seizure in the neonate. 


Theodore Margolis, MD, performed the com- 
puterized tomography. Karen Lutz edited and 
typed the manuscript. 
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Posterior Fossa Subdural Hematomas 


in Neonates 


Nathan K. Blank, MD; Roy Strand, MD; Floyd H. Gilles, MD; Agasanakatte Palakshappa, MD 


è Posterior fossa subdural hematomas 
in the newborn infant are rare but poten- 
tially treatable. The infants are normal 
after birth, but within days, hydrocephalus 
hypotonia, and irregular respirations de- 
velop. Seizures and third nerve pareses 
are unusual. We report a neonate in whom 
this process was identified by computer- 
ized tomographic brain scan. We also 
discuss potential misinterpretations of the 
computerized tomographic brain scan in 
neonates. 

(Arch Neurol 35:108-111, 1978) 


osterior fossa subdural hema- 

tomas in newborn infants are less 
frequent than those located supraten- 
torially in autopsy series.' Eight cases 
of clinically identified infratentorial 
subdural hematomas have been de- 
scribed in the literature. Unfortu- 
nately, neurologic consultants do not 
always consider this rare but poten- 
tially treatable entity." We report a 
newborn infant with a computerized 
tomographic (CT) brain scan of a 
posterior fossa subdural hematoma. 
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This case also emphasizes a potential 
pitfall in interpretation of germinal 
matrix hemorrhages in neonates with 
CT scans and stresses the need for 
continuous pathologie correlations. 


REPORT OF A CASE 


This 3.2 kg male full-term infant was 
born of an uncomplicated (gravida 3, para 
O, abortus 2) pregnancy. The uneventful 
ten-hour labor was followed by a vaginal 
vertex delivery without the aid of forceps. 
The Apgar scores were 9 at one and five 
minutes, and head molding and facial 
ecchymosis were absent. On the fourth day, 
the child was noted to be jaundiced, lethar- 
gic, and irritable, with a weak cry, irreg- 
ular shallow respirations, and a pulse of 100 
beats per minute. Subsequently, respira- 
tory arrest occurred. Rapid resuscitation 


was successful, though he required intuba- ~ 


tion and assisted ventilation. After arrest, 
the pupils were fixed and dilated and opis- 
thotonic posturing occurred. The hemato- 
crit value was 31%, WBC count was 24,400 
cu mm, blood cultures were negative, coag- 
ulation studies were normal, and the serum 
electrolyte level and blood chemistry 
studies were normal, except for an elevated 
direct bilirubin level. The lumbar puncture 
showed bloody CSF. The next day, opistho- 
tonic posturing, irregular respirations, and 
tense fontanelle continued. The dises were 
flat, the retinae were free of hemorrhage, 
and the pupils were equal and reactive. The 
eyes were deviated to the left, with the left 
eye skewed slightly upward and did not 
pass the midline on doll’s head maneuver. 
There was marked generalized hypotonia, 
but the child moved all extremities. The 
Moro and suck reflexes were absent, the 
tendon reflexes were hypoactive, and the 


plantar responses were extensor. On the 
sixth day, the CT scan showed a large 
collection of blood within the posterior 
fossa as well as dilation of the frontal, 
temporal, and occipital portions of the 
lateral ventricles. Blood was also described 
in the region of both caudate nuclei (Fig 1 
and 2). The infant died the following day. 

The general autopsy was unremarkable 
except for diffuse and acute pulmonary 
hemorrhage. At the time of brain removal, 
a large collection of blood was found within 
the subdural space infratentorially. A 
small amount of subarachnoid hemorrhage 
accumulated adjacent to the exits of the 
lateral recesses and over the convexities. 
There were small pools of blood within the 
falx and tentorium. An incomplete tear of 
the inferior leaflet of the left tentorium 
extended 1 cm posteriorly from the free 
edge. Tears were not present within the 
lateral or straight sinuses, falx, or great 
vein of Galen. The superior aspect of the 
cerebellum was compressed and indented, 
and the lateral hemispheres displaced ante- 
riorly toward the clivus (Fig 3). The ventral 
pons and upper medulla were compressed 
anteriorly and medially against the clivus, 
and the upper fourth ventricle was 
obstructed by displaced vermal portions of 
the cerebellum. The cerebrum, which was 
coronally sectioned after fixation, con- 
tained a small collection of blood within the 
right occipital horn. The few remnants of 
choroid plexus available for study did not 
disclose the site of hemorrhage. The 
caudate nuclei and the adjacent subepen- 
dymal region were not hemorrhagic, con- 
trary to the interpretation of the CT scan. 
The frontal, occipital, and temporal por- 
tions of the lateral ventricles were moder- 
ately enlarged and the superior angles 
were blunted (Fig 4). 
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Fig 1.—Computerized tomographic scan in axial projection. A and B are adjacent 
representations of 13-mm thickness, with 1 mm of overlapping. A is anatomically inferior 
to B and right-sided structures are on right. On A, anterior clinoids (c) and petrous bones 
(p) are identified. Dorsum sellae are just posterior to anterior clinoids. On B, there is 
asymmetrical forward displacement of cerebellum (arrow heads) by intracranial 
substance, with density readings consistent with clotted blood. Fourth ventricle is not 
detectable. Dilated temporal horns and anterior horns of lateral ventricles are present 


(arrows). 


On microscopic examination, the com- 
pressed portions of the cerebellum con- 
tained eosinophilic Purkinje cells and 
karyorrhectic internal granule cells. The 
cerebellar deep white matter was gliotic 
and contained acutely swollen axons. The 
basis pontis adjacent to the clivus was also 
locally injured. In this region, neurons 
were necrotic, and the descending and 
crossing fiber bundles contained hyper- 
trophic astrocytes and markedly swollen 
axons. Hypertrophic astrocytes, without 
necrosis or hemorrhage, were present in 
the deep cerebral white matter. The cortex, 
subcortical gray matter, and cord were 
otherwise normal. The caudate nuclei and 
the subependymal region were not hemor- 
rhagic, and the germinal matrix was 
normally depleted. 


COMMENT 


Posterior fossa subdural hematoma 
in the newborn infant is a relatively 
rare event but must be considered in 
all infants who display progressive 
signs of neurologic dysfunction. The 
child in this report, unfortunately, 
died prior to surgical intervention, 
though the CT scan of the head was 
consistent with this diagnosis. The 
site of bleeding was a rent in the 
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inferior leaflet of the tentorium cere- 
belli. The blood accumulated within 
the subdural space of the posterior 
fossa, compressed the cerebellum, ob- 
structed the fourth ventricle, and 
displaced the brain stem anteriorly 
and ventrally against the clivus. 
Microscopic evidence of severe and 
acute injury to these regions agrees 
with the clinical events noted in the 
infant. The drop in the hematocrit 
value, from 47% to 31%, and the eleva- 
tion of serum bilirubin level presum- 
ably reflect the intracranial hemor- 
rhage. The diffuse pulmonary hemor- 
rhage commonly found in neonatal 
autopsy series as a terminal event, has 
been associated with intracranial hy- 
pertension.* Craig' reported that six 
of ten neonates with subdural hemor- 
rhages who died within 36 hours of 
birth also had pulmonary hemor- 
rhages. 

Only eight newborn term infants 
have been described with clinically 
identified infratentorial subdural 
hemorrhages and five survived after 
surgical treatment. The clinical find- 
ings in these eight cases are compared 


with the present case in the Table. All 
of the neonates were full-term in- 
fants, the smallest weighing 3,200 gm. 
Information with respect to difficult 
labor or delivery was not always avail- 
able. A lag period from half a day to 
four days between birth and the onset 
of neurologic signs was characteristic 
and is of clinical significance in differ- 
entiating small continuing hemor- 
rhagic leaks that accumulate infraten- 
torially from sudden massive -hem- 
orrhages secondary to dural sinus 
lacerations, avulsions of the vein of 
Galen, or hematomas, with rupture 
into the subdural space. The massive 
hemorrhages are associated with rap- 
id and progressive neurologic dys- 
function that usually occur immedi- 
ately after birth. Several of the cases 
with intracerebellar hematomas and 
rupture into the subdural space have 
been salvaged with rapid surgical 
decompression.*:'^ The development of 
hydrocephalus, which is heralded by 
tense anterior fontanelle and increas- 
ing head circumference, is universally 
found in these infants and is usually 
the sign that instigates further neuro- 
logical evaluation. The hydrocephalus, 
at least initially, is related to the 
cerebellar compression of the fourth 
ventricle and/or the outlets of the 
fourth ventricle. Several of the pa- 
tients who were successfully treated 
subsequently displayed communicat- 
ing hydrocephalus and required ven- 
tricular shunts.*^ The diagnosis of 
intraventricular hemorrhage is made 
in many of these infants, based on 
bloody ventricular and lumbar CSF, 
but the source of this minor ventric- 
ular hemorrhage is often not appar- 
ent. These children display early, 
nonspecific signs of impending neuro- 
logic collapse such as weak cry, 
lethargy, irritability, vomiting, and 
loss of Moro and suck reflexes, which 
are usually followed by signs referable 
to the posterior fossa, abnormal respi- 
rations, and hypotonia. Skew devia- 
tion, nystagmus, and sixth nerve 
pareses are the only major cranial 
nerve deficits and signs of focality 
that occasionally occur in this group. 
It is important to note the absence of 
third nerve paresis in these infants, a 
finding that is common in supratento- 
rial masses such as subdural hemato- 
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Fig 2.—Computerized tomographic scan axial projection, through brain directly above 
position of Fig 1, with A anatomically below B. A is at level of tentorial attachment 
posteriorly, and clotted blood density is seen in close relationship to tentorium between 
posterior aspect of two hemispheres (paired arrows). Lateral ventricles are mildly dilated. 
On B, clotted blood density is seen in right occipital horn (0). Same densities were found 
in interhemispheric fissure (i) and over quadrigeminal plate cistern (q). Blood clot was 
interpreted to be present just lateral to anterior horns in caudate nuclei (single arrows) as 
well. Last observation was erroneous (see text). 





Fig 3.—Bilaterally, there are concave depressions of superior 
aspect of cerebellum by hematomas. Ventral aspect of pons is 
flattened, and rostral fourth ventricle is collapsed. 


mas. Seizures are not commonly pres- 
ent. 

Most of the evidence points to head 
molding at the time of birth as the 
essential factor in the production of 
posterior fossa subdural hemato- 
mas.''^" The massive hemorrhages 
that cause severe neurologic complica- 
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tions at birth or shortly thereafter are 
usually related to tears of the falx or 
tentorium cerebelli, with extension 
into the adjacent lateral or straight 
sinuses. Avulsion of the vein of Galen 
wil also produce rapid death. In 
eontrast, the slow accumulation of 
blood in the infratentorial region 


Birth weight, gm 
Delivery 


Onset of symptom 
Tense fontanelle 
Increase in head circumference 
Ventricular dilation 
Abnormal respiration 
Lethargy, irritability 
Loss of Moros reflex 
Loss of suck reflex 
Abnormal tone 
Vomiting 

Abnormal cry 

Seizures 

CSF 

Abnormal pupil reaction 
Other deficits 


Surgical therapy 
Results 


Communicating hydrocephalus 





Fig 4.—Lateral ventricles are enlarged, with rounced lateral 
angles. Diffuse subarachnoid hemorrhage is present. There is no 
subependymal hemorrhage over caudate. 


arises from small tears in the tentorial 
leaflets or from torn bridging veins 
that arise from the superior surfaces 
of the cerebellum.':'* These lacerations 
and avulsions presumably result from 
stress on the head during delivery. 
The CT scan is useful in identifying 
posterior fossa subdural hematomas. 
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Clinical Findings in Patients 


Reigh & Pytlyk 
Coblentz? Nelson? et al^ 
3,711 3,859 3,940 
Occipital Breech; Vertex; 
caput; easy forceps 
low forceps delivery 
4 days 10 hr 16 hr 
+ + + 
+ + + 
+ + + 
NR + it: 
F + + 
NR + + 
NR NR + 
+ NR + 
NR + + 
NR + + 
0 0 0 
Xanthrochromic Bloody NR 
0 NR 0 
0 Nystagmus 0 
+ + + 
Excellent Excellent Satisfactory 
0 0 + 


Cases 
Carter & 

Nelson Pittman® Case 1 
3,732 3,236 3,219 
Vertex; Vertex; Vertex; 

forceps; outlet low 

easy forceps forceps 
delivery 
24 hr 12 hr 48 hr 
+ + + 
NR T T 
+ + + 
NR T 0 
+ + NR 
NR NR 0 
NR NR + 
+ + 0 
+ + + 
NR NR + 
0 0 + 
Bloody Bloody Bloody 
0 0 NR 
0 Sixth nerve 0 
palsy 
+ + + 
Good Retarded Post- 
operative 
death 
+ + 0 


* + indicates present; 0, absent; and NR, not recorded. 


It must be emphasized, however, that 
this process should be suspected prior 
to the CT scan in order that the proper 
cuts can be obtained. 

From our case, a second important 
point can be emphasized. The in- 
creased densities in the region of the 
caudate nuclei could be interpreted as 
intraparenchymal or subependymal 
hemorrhages, when, in fact, they were 
actually pooled intraventricular blood 
overlying the head of the caudate 
nuclei. This fortuitous superimposi- 
tion of intraventricular blood is of 
clinical importance since in premature 
infants this area is the site of the 
germinal matrix or ganglionic emi- 
nence, which, in turn, is a major source 
of intraventricular hemorrhage. 
Again, this type of problem re-empha- 
sizes the continued necessity of patho- 
logic correlation with CT scan in order 
to become aware of artifacts that 
could be erroneously interpreted as 
specific processes. 

After a period of normalcy, any 
term newborn infant in whom a tense 
fontanelle, increasing head circumfer- 
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ence, lethargy, irritability, and respi- 
ratory irregularities develops should 
be evaluated for a posterior fossa 
subdural hematoma. If a CT scan is 
readily available, the clinician in- 
volved in interpretation should be 
made aware of the possibility of 
posterior fossa hemorrhage so that 
the correct levels of scans are made 
and that the dural sinuses are distin- 
guished from hemorrhage. If the CT 
scan is not available, supratentorial 
and, if necessary, infratentorial sub- 
dural taps should be done.? The 
elapsed time must be minimized in 
order to salvage the infant and 
perhaps prevent secondary communi- 
eating hydrocephalus. 


This study was supported in part by United 
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HDO 6276, and National Institute of Neurolog- 
ical and Communicative Diseases and Stroke 
grant 5 P01 NS09704. 
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Brief Communications and Clinical Notes 


The Benign Lateral Medullary Syndrome 


James L. Bernat, MD, Ralph W. Hunter, MD 


® Four young, otherwise healthy men 
developed the signs and symptoms of 
lateral medullary ischemia following ex- 
traordinary outdoor exercise. The syn- 
drome was short-lived, with excellent 
long-term prognosis. We suggest that the 
designation "benign lateral medullary 
syndrome" is appropriate for this tran- 
sient nonrecurring state. 

(Arch Neurol 35:112-113, 1978) 


he lateral medullary syndrome is 

the most frequently encountered 
and widely recognized syndrome of 
brain stem infarction and is also the 
most carefully studied, both clinically 
and pathologically. The commonly 
affected patient is male, hyperten- 
sive, and in the sixth decade. He has a 
46% chance of dying within five years 
from the onset of the episode, usually 
from a recurrent cerebrovascular 
event or from myocardial infarc- 
tion.'? 

We have observed four patients 
whose symptoms fulfill the criteria of 
the lateral medullary syndrome yet 
who substantially differ from the 
commonly affected patient with re- 
spect to age, predisposing disease, 
course, and especially prognosis. 
These patients were young, otherwise 
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healthy men who developed acute 
symptoms of lateral medullary is- 
chemia during or just following 
extraordinary outdoor exercise. These 
symptoms resolved within 48 hours 
and did not recur. The prognosis of 
this group was excellent, as three 
patients followed up by one of us 
(R.W.H.) have not shown any evidence 
of recurrent cerebrovascular or cardio- 
vascular disease after almost three 
decades. We suggest the term “benign 
lateral medullary syndrome” for this 
singly occurring event. 


REPORT OF CASES 


CasE 1.—In 1947, a previously healthy 26- 
year-old man spent the entire day before 
admission in strenuous downhill skiing. He 
awoke the day of admission with vertigo, 
slurred speech, and occipital headache. 
Thirty minutes later, he experienced nau- 
sea, vomiting, and difficulty with coordina- 
tion. 

Examination two hours after onset 
disclosed blood pressure of 132/60 mm Hg, 
normal carotid pulses without cranial or 
neck bruits, and normal cardiac function. 
He had severe dysphonia and dysarthria 
with absent left palatal elevation. Pupils 
were equal and reacted normally, but there 
was right horizontal nystagmus on right 
lateral gaze. There was mild tongue devia- 
tion to the right. There was prominent 
dysdiadochokinesia of the left arm and leg, 
but strength was normal. Sensory exami- 
nation gave normal findings. Left-sided 
reflexes were slightly hypoactive. Plantar 
responses were flexor. 

Hemoglobin level was 17.4 gm/100 ml, 
hematocrit value was 51%, and platelet 
count was normal. White blood cell count 


. was 10,800/cu mm with a normal differen- 


tial cell count. Urine specific gravity was 
1.032. Cerebrospinal fluid had normal 
appearance and pressure; total protein 
level was 44 mg/100 ml; RBC count was 6/ 
cu mm and WBC count 5/cu mm (four 
lymphocytes, one polymorphonuclear leu- 
kocyte). Erythrocyte sedimentation rate 
was normal. Skull roentgenograms were 
normal. 

The patient progressively improved over 
the next six days, and was discharged on 
the 19th day without subjective or objec- 
tive abnormality. Careful examinations 
during the next 29 years have shown no 
symptoms of cerebrovascular or cardiovas- 
cular disease. 


Case 2.—In 1947, a previously healthy 22- 
year-old man suddenly experienced ver- 
tigo, diplopia, nausea, and ataxia the 
morning following an exhausting 20-hour 
hiking and skiing expedition. 

Examination two hours later disclosed 
normal vital signs and cardiovascular 
status. There was a left Horner’s syn- 
drome, a diminished left gag reflex, and 
paralysis of the left side of the palate. 
Right horizontal nystagmus was present 
on right lateral gaze. There was a moderate 
right hemiparesis with suggestive right 
hyperreflexia and a right extensor plantar 
response. Results of sensory examination 
were normal. 

Hemoglobin level was 19.3 gm/100 ml on 
the first day. Hematocrit value was 56% on 
the second day. White blood cell count was 
7,200/cu mm with a normal differential cell 
count. Platelet count was normal; erythro- 
cyte sedimentation rate was 2 mm/hr. 
Skull roentgenograms and lumbar punc- 
ture were normal. 

All symptoms cleared within 24 hours 
except for mild heaviness of the right foot. 
Hemoglobin and hematocrit values re- 
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turned to normal within a month. Subse- 
quent examinations over the next 29 years 
have been normal except for mild right- 
sided hyperreflexia. He has had no subse- 
quent cerebrovascular symptoms. 


Case 3.—In 1950, a previously healthy 36- 
year-old man developed sudden vertigo, 
nausea, and ataxia shortly after spending 
an exhausting day hunting in the snow. 

Examination 15 hours later showed blood 
pressure of 120/80 mm Hg, normal carotid 
pulses, and a normal cardiovascular find- 
ings. The optic fundi were normal and 
there was a left-sided Horner’s syndrome. 
There was sustained horizontal nystagmus 
to the right on right lateral gaze and a mild 
flattening of the left nasolabial fold. 
Strength was normal but there was left- 
sided dysdiadochokinesia and left hypore- 
flexia. Plantar responses were flexor. 
Sensory examination gave normal find- 
ings. 

Hemoglobin level was 14.3 gm/100 ml; 
WBC count was 6,650/cu mm with a 
normal differential cell count. Erythrocyte 
sedimentation rate was normal. Cerebro- 
spinal fluid was under normal pressure, 
clear and acellular, with total protein 
concentration of 30 mg/100 ml. 

On discharge four days later, he had 
totally recovered except for the mild reflex 
asymmetry, which cleared within four 
months. He has been followed up closely 
for 26 years and has been asymptomatic 
except for two episodes of positional 
vertigo. 


Case 4.—In 1975, a 37-year-old male 
attorney with a 15-year history of 
untreated mild hypertension experienced 
sudden vertigo and nausea during a six- 
hour mountain climb on a hot summer day. 
Forty-five minutes later, he developed left 
posterior neck pain, then left facial numb- 
ness and a heavy feeling in his left arm, 
slurred speech, and difficulty swallowing. 

Examination three hours later disclosed 
blood pressure of 160/80 mm Hg, normal 
carotid pulses without cranial or neck 
bruits, and normal cardiac findings. A left 
Horner’s syndrome was present and there 
was brisk horizontal nystagmus to the 
right on right lateral gaze. There was 
hypalgesia to pinprick on the left side of 
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the face. Gag reflex and palatal elevation 
were impaired on the left, with inability to 
swallow. Ataxia of left arm and leg move- 
ments and marked truncal ataxia with 
falling to the left were present. Strength 
was normal, reflexes were symmetric, and 
plantar resporses were flexor. There was a 
decrease to pin sensation although not to 
vibration or position on the right side of 
the body. Complete blood cell count and 
erythrocyte sedimentation rate were nor- 
mal. Urine specific gravity was 1.034. 

Following 48 hours of bed rest and 
hydration, his deficits had completely 
resolved except for dysmetria of the left 
hand and occipital headaches. Within one 
month he was totally asymptomatic. When 
he was last examined, 18 months after the 
event, results of neurological examination 
were normal. 


COMMENT 


The syndrome of these four pa- 
tients was characterized by sudden 
onset of unilateral medullary dysfunc- 
tion during or shortly following unus- 
ually strenuous outdoor activity. Only 
in patient 4 was there an underlying 
disorder (hypertension), and all had 
prompt resolution of their symptoms. 
Three patients were followed up for 
over 25 years with no sign of recurrent 
disease. In only one patient (No. 4) 
were all of the features of the classic 
lateral medullary syndrome present, 
and all four patients had left-sided 
medullary involvement. 

While the posterior inferior cere- 
bellar artery (PICA) is the most 
conspicuous vessel perfusing the later- 
al medullary plate, the short circum- 
ferential branches of the vertebral 
artery provide most of the perfusion 
to this area.^^ Indeed, the PICA is 
absent unilaterally in over 25% of 
patients without neurologic signs who 
undergo routine autopsy.' Baker? has 
suggested that while the PICA does 
not appear to be necessary for states 
of normal function, it may become 
necessary during states of increased 
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metabolic demand or in states of 
generalized reduced perfusion such as 
hypotension and anemia. Given the 
proper stressful circumstances, pa- 
tients with congenital absence of the 
PICA may then become candidates 
for a transient syndrome of lateral 
medullary ischemia. 

The setting of stress secondary to 
extraordinary exercise was striking in 
all our patients. In patients 1 and 4 
there was clinical evidence of dehy- 
dration and in patients 1 and 2 there 
was transient polycythemia. We pos- 
tulate that the patients in this series 
had marginal but ordinarily satisfac- 
tory blood supply to the lateral 
medulla, perhaps with congenital ab- 
sence of the ipsilateral PICA. After 
extraordinary exercise with attendant 
dehydration and polycythemia, they 
developed transient ischemia to the 
lateral medullary plate producing re- 
versible symptoms. 

The absence of signs of recurrent 
cerebrovascular disease after many 
years in patients 1, 2, and 3 shows the 
excellent prognosis of this syndrome. 
In contrast is the age-matched data of 
Currier et al' showing a 40% five-year 
and a 3396 ten-year survival rate in 
their series of young patients with 
lateral medullary infarction. These 
data can be reconciled in that most 
young people suffering completed 
strokes in the vertebrobasilar circula- 
tion have severe underlying vascular 
disease that produces a relatively high 
mortality from subsequent myocar- 
dial infarction and stroke." 

The benign lateral medullary syn- 
drome may be distinguished from the 
more serious variety by its single 
occurrence in otherwise healthy young 
people in association with extraordi- 
nary bodily stress and by its nearly 
total reversibility. The importance of 
distinguishing this syndrome lies in 
the favorable prognosis it portends. 
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Group B Streptococcal Meningitis 
Associated With a CSF Fistula 


Arnold L. Lentnek, MD; Robert Ferguson, MD; Edward Fierer, MD 


è An elderly man had group B strepto- 
coccal meningitis. The infection may have 
seeded the meninges through a rhinoce- 
rebral fistula. Despite the frequency of 
nasopharyngeal colonization with this 
organism, reports of adult meningitis 
secondary to group B Streptococcus are 
rare; to our knowledge, no previous cases 
specifically associated with rhinocerebral 
fistula have been described. Reasons for 
the discrepancy between the frequency of 
nasopharyngeal colonization and the rari- 
ty of meningitis are suggested. 

(Arch Neurol 35:114-115, 1978) 


Ithough group B streptococcal in- 
fection has received greatest 
attention as a frequent cause of over- 
whelming sepsis in the neonate, 
many publications have also described 
infection with this organism in 
adults."' Despite the common obser- 
vation of meningitis in neonatal 
group B streptococcal infection, it has 
rarely been detected in adults and 
then usually as a complication of 
metastatic spread from a distant 
primary focus of infection.‘ In this 
communication, we report a case of 
group B streptococcal meningitis in an 
elderly man that occurred as a possible 
complication of a cerebrospinal fluid 
fistula. 


REPORT OF A CASE 


A 78-year-old man was admitted to 
Mount Sinai Hospital in September 1976 
for fever and disorientation. He had been 
found to have a chromophobe adenoma of 
the pituitary in February 1975, producing 
Cushing’s syndrome. He was also known to 
have an organic brain syndrome. In August 
1975, he underwent treatment with cranial 
irradiation and mitotane. In May 1976, he 
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was admitted with group B streptococcal 
bacteremia of undetermined source and 
was treated with a 14-day course of paren- 
terally administered penicillin. During the 
course of treatment, CSF analysis dis- 
closed pleocytosis, a low glucose level, and 
an elevated protein level but no growth on 
bacterial culture. He remained in stable 
condition at a chronic care facility over the 
ensuing four months until the day prior to 
the present admission, when he developed 
acute onset of fever, headache, confusion, 
and vomiting. 

The patient was obtunded and vomited 
persistently. Temperature was 39.4 C per 
rectum; pulse rate, 130 beats per minute; 
respirations, 32/min; and blood pressure, 
178/104 mm Hg. Pupils were equal and 
reactive to light. There was no papillede- 
ma. The ears, nose, and mouth were unre- 
markable. There was no lymphadenopathy, 
and the heart and lungs were normal. 
Muscle stretch reflexes were normal except 
for absent ankle jerks. There was severe 
nuchal rigidity and Kernig’s and Brudzin- 
ski’s signs were present. 

Laboratory values included the follow- 
ing: hematocrit, 39.6%; and WBCs, 14,100/ 
cu mm, with 90% neutrophils, 6% band 
forms, 2% lymphocytes, and 2% monocytes. 
Urinalysis results, blood urea nitrogen 
level, serum glucose level, and electrolyte 
values were within normal limits. The 
opening pressure on lumbar puncture was 
410 mm H.O. Analysis of the CSF showed 
5,800 WBCs per cubic millimeter with 99% 
polymorphonuclear leukocytes, 268 RBCs 


. per cubic millimeter, a protein level of 732 


mg/100 ml, and a glucose level of 5 mg/100 
ml. Gram-positive cocci were identified on 
stain, and penicillin G therapy was started, 
4 million units intravenously every four 
hours. Initial culture of the CSF demon- 
strated group B Streptococcus. Three of 
three blood cultures also grew this orga- 
nism. Culture of the urine was sterile. On 
the third hospital day, a clear nasal 
discharge consistent with CSF appeared. 
Group B Streptococcus was isolated from 
this discharge as well as from cultures of 
the nasal cavity. 

Roentgenograms of the sinuses and 
mastoids demonstrated evidence of chronic 
maxillary sinusitis and mastoiditis on the 


right. Tomograms of the ethmoids revealed 
bony destruction of the right ethmoid sinus 
wall. Four hours after the instillation of 1 
mCi of Indium DTPA in the lumbar intra- 
thecal space, increased radioactivity was 
seen in the area of the cribiform plate, 
predominantly on the right. The left and 
right nasal pack counts, normally zero, 
were 3.7 and 3.5, respectively. A techne- 
tium pyrophosphate scan of the facial 
bones demonstrated increased uptake 
around the right orbit. Echocardiogram of 
the heart failed to show vegetations on 
either the aortic or mitral valves. The 
patient was treated with a six-week course 
of penicillin G, 4 million units intrave- 
nously every four hours, with resolution of 
his signs and symptoms. The penicillin 
level in the CSF four hours after antibiotic 
infusion was 0.6 ug/ml and the minimal 
inhibitory concentration of the group B 
Streptococcus to penicillin, measured by 
microtiter method in Mueller-Hinton 
broth, was less than 0.03 pg/ml. On the 
eighth hospital day, culture of the nasal 
discharge failed to grow group B Strepto- 
coccus; two days thereafter, the CSF 
rhinorrhea ceased spontaneously. Subse- 
quent cultures of CSF and blood were 
sterile. 


COMMENT 


Lancefield group B Streptococcus 
was originally considered nonpatho- 
genic for man. Its primary importance 
was thought to be its pathogenicity 
for cows, causing bovine mastitis, 
hence its name Streptococcus agalac- 
tiae. In humans, it has been found to 
be a common inhabitant of the female 
genital tract," upper respiratory 
tract, and oropharynx®- as part of 
the “normal flora.” In addition, it may 
be part of the normal male urogenital 
flora.’ 

Human pathogenicity of group B 
Streptococcus was first suggested by 
Lancefield and Hare in 1935.'* Subse- 
quent reports have emphasized its 
increasing importance in infections of 
early infancy and neonatal periods.’ 
This association and related group B 
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puerperal infections in adults are 
thought to be due to the frequent 
colonization of the female genital 
tract. 

Serious adult nonpuerperal infec- 
tions, although uncommon, have been 
described in a variety of clinical and 
epidemiological settings. Reviews by 
Duma et al," Reinarz and Sanford, 
and Bayer et al’ have documented the 
occurrence of a wide spectrum of clin- 
ical illnesses including endocarditis, 
pyelonephritis, septic arthritis, pneu- 
monitis, cellulitis, and meningitis. 
Seven of 24 patients in the series of 
Bayer et al’ developed group B strep- 
tococcal bronchopulmonary infection. 
The authors emphasized the dis- 
crepancy between the frequency of 
group B streptococcal nasopharyngeal 
colonization and the rarity of prior 
reports of pneumonitis with this orga- 
nism. They suggest that failure to 
speciate streptococci may have been 
responsible for the underrecognition 
of infections of this type in the past. 

The epidemiologic settings for 
group B streptococcal infection have 
been remarkably uniform in each of 
these reviews. Typically, the patients 
are either postpartum or elderly and 
debilitated, frequently with concomi- 
tant diabetes mellitus. Thus eight of 
24 cases in Bayer and colleagues” 
series were obstetrically related. Of 
the remaining 16 patients, ten were 
diabetic and had a mean age of 60. Of 
seven patients with group B strepto- 
coccal infection described by Duma et 
al," the average age of the group was 
61 and five were diabetic. Eichoff et 
al‘ have described an association 
between group B streptococcal cellu- 
litis and diabetic peripheral gan- 
grene. 

Meningitis caused by group B 
Streptococcus has been rarely reported 
in adults. In the majority of cases 
reported thus far, meningeal infec- 
tions have arisen from a focus in the 
urinary tract or have been a complica- 
tion of the postpartum state.* Other 
less common sources of infection have 
included diabetic skin ulcers, endo- 
carditis, dental caries, and strepto- 
coccal cellulitis.” In none of these 
instances has direct extension from 
the nasopharyngeal cavity been postu- 
lated. i 

In view of frequent colonization of 
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the nasopharyngeal cavity, the rarity 
of reports of group B streptococcal 
meningitis following head trauma, 
cranial surgery, or nasal and sinus 
operations is surprising. In Apple- 
baum’s” series of 91 cases of bacterial 
meningitis following head trauma," 
were caused by streptococcal species, 
although Lancefield typing was not 
done. Streptococcal meningitis was 
not described in a series of posttrau- 
matic bacterial meningitis by Hand 
and Sanford." In Brusman and col- 
leagues” series of infection asso- 
ciated with CSF, rhinorrhea menin- 
gitis was due to a streptococcal species 
in seven patients. One organism was 
identified as S viridans; the others 
were not further typed. 

This is, we believe, the first well- 
documented occurrence of group B 
streptococcal meningitis in an adult 
reasonably attributable to a cerebro- 
spinal fluid fistula. Other primary 
sources of group B streptococcal infec- 
tion seem unlikely. Although the 
patient had confirmed CSF pleocy- 
tosis and hypoglycorrhachia during 
his first admission, active bacterial 
infection seems remote in view of the 
sterile CSF culture on that occasion as 
well as the four-month treatment-free 
interval between that episode and the 
present admission. Bacteremic spread 
from a primary distant focus also 
seems unlikely in view of our failure 
to localize such a focus. In addition, 
although retrograde spread of or- 
ganisms up a fistulous tract is rela- 
tively common, meningeal spread 
from a streptococcal bacteremia is 
unusual, as was demonstrated in the 
preantibiotie era when only three of 
246 patients suffering from f-hemo- 
lytic streptococcal bacteremia re- 
ported at Boston City Hospital devel- 
oped meningitis.'^ 

It is unclear whether the lack of 
previous cases of group B strepto- 
coccal meningitis as a complication of 
CSF rhinorrhea represent a true 
rarity of this entity or a failure to 
subspeciate the streptococci isolated. 
In view of the higher minimal inhibi- 
tory concentration of antibiotic 
required to successfully treat this 
organism as compared to group A 
Streptococcus, we believe typing to be 
important to proper management. 

Recent publications have reported a 


high mortality, despite chemotherapy, 
in adults with group B streptococcal 
infection. This has been attributed in 
part to the relative resistance of the 
organism to penicillin as compared to 
group A Streptococcus as well as to the 
frequently debilitated state of the 
patient. Some authors have suggested 
the use of combination penicillin- 
aminoglycoside therapy in such situa- 
tions." 

Our chronically ill diabetic patient 
represents the typical setting for 
group B streptococcal infection. De- 
spite the patient's debilitation he 
responded well to chemotherapy, and 
adequate CSF  bacteriocidal levels 
were easily attained. 
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Computerized Tomography 


An Adjunct to Early Diagnosis in the Cauda Equina Syndrome 


of Ankylosing Spondylitis 


Lynn D. Kramer, MD, Gary J. Krouth, MD 


è This article describes a case of the 
cauda equina syndrome associated with 
ankylosing spondylitis. The typical myelo- 
graphic features and the computerized 
tomography (CT) scan of the lumbar spine 
are included. The CT scan may aid in 
elucidating the pathogenesis of the disor- 
der. 

(Arch Neurol 35:116-118, 1978) 


he neurological complications of 

ankylosing spondylitis include 
isolated nerve root lesions, atlantoax- 
ial subluxation with secondary spinal 
cord compression, susceptibility to 
trauma of a rigid spine with injury to 
the cord, and the cauda equina 
syndrome. The occurrence of the 
cauda equina syndrome in patients 
with ankylosing spondylitis was first 
reported by Bowie and Glasgow’ in 
1961. Since this original citation a 
limited number of additional reports 
have appeared.*" In the majority of 
these cases, a dilated lumbar sac with 
multiple diverticula was demon- 
strated by myelography. The follow- 
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ing case is another example of this 
association. This report demonstrates 
the use of the newly introduced 
computerized tomography (CT) body 
scanner in the diagnosis of this disor- 
der. 


REPORT OF A CASE 


The patient, a 68-year-old man, had had 
ankylosing spondylitis for 45 years. Early 
in his course, he received six to eight 
irradiation treatments to the lumbar spine. 
Complaints of back pain and limitation of 
notion continued. In 1971 he underwent 
coronary artery bypass surgery for severe 
‘hree-vessel disease. Ten days postopera- 
tively he developed dull pain in the gluteal 
area with hypesthesia of the posterior 
thighs. The pain was made worse by isosor- 
bide dinitrate or nitroglycerin. He became 
impotent at this time. 

Two years later the patient noted severe 
pain on the lateral aspect of the left foot. 
In 1974 the pain became bilateral and more 
severe. Examination disclosed saddle hy- 
pesthesia with absent testicular sensation, 
poor anal sphincter tone, and absent left 
patellar, and both ankle reflexes and the 
bulbocavernosus reflex. Electromyography 
was consistent with a mild bilateral 
L-5 radiculopathy demonstrating fibrilla- 
tion potentials in this distribution. The 
erythrocyte sedimentation rate was 37 
mm/hr. In 1975 left foot drop appeared. In 
January 1977 frequency, nocturia, and 
difficulty voiding were noted, followed in 


two months by acute urinary retention. An 
indwelling catheter was necessary. 

In late March the patient was admitted 
to the Long Beach (Calif) Memorial 
Hospital because of fever and severe lanci- 
nating pain in his left calf and thigh. 
Examination showed a temperature of 38.3 
C; pulse, 90 beats per minute; blood pres- 
sure, 130/70 mm Hg, and normal respira- 
tions. The back was inflexible, with bilat- 
eral costovertebral angle tenderness. Neu- 
rological examination disclosed severe 
limitation of motion of the neck. There was 
distal wasting of both lower extremities, 
and weakness of the left glutei, ham- 
strings, extensors of the foot and toes, and 
invertors and evertors of the foot. Vibra- 
tion sense was diminished bilaterally and 
pinpriek was diminished in the left foot 
and left sacral dermatomes. Ankle and 
patellar reflexes were absent. Plantar 
responses were flexor. The anal sphincter 
was lax. 

Normal blood values included the follow- 
ing: electrolytes, total protein, albumen, 
bilirubin, alkaline phosphatase, SGOT, 
SGPT, LDH, cholesterol, uric acid, inor- 
ganic phosphorus, calcium, and glucose. 
The BUN level was 28 mg/100 ml; crea- 
tinine value, 1.3 mg/100 ml; hemoglobin 
level, 10.5 gm/100 ml; WBC count, 7,500/cu 
mm. Urinalysis disclosed 3+ protein, 8 to 
10 RBCs per high-power field; and more 
than 200 WBCs per high-power field. Anti- 
biotic therapy was begun, with rapid defer- 
vescence and resolution of the urinary 
tract infection. M 


Computerized Tomography—Kramer & Krouth 





Fig 1.—Computerized tomography scan 
demonstrating laminar erosion of lumbar 
vertebra. 


Roentgenographic examination demon- 
strated ankylosis of the sacroiliac joints, 
and the classic “bamboo spine” of anky- 
losing spondylitis. A cystometrogram dem- 
onstrated a neurogenic hypotonic bladder 
with 400 ml of residual urine. Electromyog- 
raphy showed bilateral fibrillation poten- 
tials and positive waves in the muscles 
supplied by L-5 and S-l. The patient 
opposed myelography. Computerized tomo- 
graphic scanning of the lumbar spine 
demonstrated marked erosion of the lami- 
nae of L-3 to L-5 (Fig 1), suggesting the 
possibility of an intraspinal tumor. In light 
of this possibility, the patient agreed to a 
myelogram. 

With the patient in the prone position, 18 
ml of iophendylate (Pantopaque) was 
injected at the Ll-2 interspace; no 
evidence of intradural or extradural 
defects was found (Fig 2). With the patient 
in the supine position, a large sac with 
multiple dorsal diverticula was demon- 
strated in the lumbar region (Fig 3). Spinal 
fluid analysis disclosed a protein level of 32 
mg/100 ml; glucose level, 67 mg/100 ml; no 
WBCs or RBCs; normal protein electropho- 
resis; nonreactive VDRL, and negative 
cytologic findings. 


COMMENT 


There are reports of 24 cases of the 
cauda equina syndrome in association 
with ankylosing spondylitis." In pa- 
tients with ankylosing spondylitis, 
complaints of nonspecific buttock and 
lower extremity pain, weakness, and 
dysesthesias are very likely dismissed 
as being secondary to their rheuma- 
toid disorder. However, were such 
patients to undergo careful neurolog- 
ical and electromyographic examina- 
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Fig 2.—Normal-appearing lumbar myelo- 
gram, with patient in prone position. 


tion, many might well prove to suffer 
from an early or incomplete form of 
the cauda equina syndrome. The inac- 
tivity and long duration of the 
primary spondylitis appears to be of 
paramount importance. This point is 
particularly germane to our patient 
who had been seen two years 
previously with early complaints; at 
that time, the association between 
ankylosing spondylitis and the cauda 
equina syndrome was entertained but 
erroneously rejected because the dis- 
ease seemed inactive. A review of 
previously reported patients''' shows 
that all had had spondylitis for at least 
eight years prior to the onset of neuro- 
logical symptoms and in the majority 
of instances for a much longer dura- 
tion. The course of our patient illus- 
trates the gradual development of the 
complete syndrome. He- initially had 
symptoms and signs referrable to 
several nerve roots, some of which 
were unilateral and some bilateral. 
With time, the involvement spread 





Fig 3.—Lumbar myelogram demonstrating 
multiple dorsal diverticula, with patient 
supine. 


with progressive longitudinal exten- 
sion along the cauda equina. As yet, 
complete involvement has not oc- 
curred. 

Another important aspect of the 
disorder that should be recognized, 
and that was emphasized by Russell et 
al? is the common occurrence of 
dorsally situated lumbar diverticula or 
enlarged lumbar sacs. The diverticula 
can usually be demonstrated only in 
the supine position rather than in the 
standard prone myelographic posture. 
The present case illustrates this point. 
Older myelographic reports, such as 
Bowie and Glasgow’s third case,’ 
report a normal myelogram but do not 
remark as to whether roentgeno- 
grams were done in the supine posi- 
tion, making the frequency of this 
finding impossible to determine. 

The CT sean demonstrated a strik- 
ing finding, ie, the presence of a bony 
defect from L-3 to L-5 (Fig 1). 
Matthews,® in his necropsy reports, 
describes similar erosion in conjunc- 
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tion with this disorder. 

The etiology of this entity has been 
the subject of speculation. Earlier 
studies by Ludwig et al? and Boland 
et al^ had demonstrated that many 
patients with rheumatoid spondylitis 
have elevated spinal fluid protein 
concentrations. Three of four patients 
with the cauda equina syndrome of 
ankylosing spondylitis for two years 
or less demonstrate elevated CSF 
protein levels in fluid from atraumatic 
taps. Hauge* reported a patient with 
a one-year history of neurological 
deficit, elevated spinal fluid protein 
level, and fibrous subarachnoid tissue. 
Matthews?’ in his autopsy report of a 
patient with a ten-year history of 
neurological disease found no arach- 
noiditis, normal CSF protein con- 
centration, and close approximation of 
arachnoid, dura, and periosteum with 
the bony erosions. He thought that 
this temporal sequence implied a 
resolving arachnoiditis. 

The diverticula could then be 
explained in a similar manner. Dott" 
suggested that arachnoiditis with sub- 
sequent adhesions formed arachnoid 
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pouches that expanded through pulsa- 
tile pressure. His remarks were 
addressed toward the intracranial 
compartment. Matthews’ case? dem- 
onstrated the above mentioned, rela- 
tionship between meninges, perlos- 
teum, and bone, and he extrapolated 
Dotts’ mechanism to the spinal cord. 
Several findings since that time have 
added credence to these ideas. Lof- 
gren and Zwetnow“ infused CSF and 
Ringer’s solution into the cisterna 
magna of dogs and measured the pres- 
sure-volume relationships of the intra- 
cranial vs the spinal component of the 
CSF compartment. They found that 
the spinal sac absorbed 70% of the 
total volume infused at low spinal 
fluid pressures. Bering’® has shown 
that the arterial pulsatile force is 
transmitted to the CSF compartment, 
and earlier work demonstrated that 
even greater increases in pressure are 
transmitted in conjunction with respi- 
ration. The pressure of respiration 
and pulse would be transmitted into a 
lumbar sac that was already undergo- 
ing inflammatory attack and might 
therefore erode the vertebral lamina. 
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If, in fact, the bony deformities are 
due to arachnoiditis with cyst forma- 
tion and pulsatile expansion, an arach- 
noiditis, with its associated CSF 
alterations, should be demonstrable at 
the time of early bony erosions. Early 
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CALENDAR OF MEETINGS 


1978 
Feb 16-18 
New Orleans 


23-26 


Third International Joint Stroke Conference, Fairmont Hotel, 


Federation of Western Societies of Neurological Science, 


annual meeting, Fairmont Hotel, San Francisco 
26-March 2 American Society of Neuroradiology, 16th annual meeting, 
Hyatt Regency Hotel, New Orleans 


American Association of Neurological Surgeons, annual meet- 
American Academy of Neurology, annual meeting, Bonaven- 
Second World Congress on Pain, Queen Elizabeth Hotel, 
Second World Congress of Biological Psychiatry, Barcelona, 
Fourth International Congress on Neuromuscular Diseases, 


International Society of Neuropathology, Eighth Interna- 


tional Congress, Shoreham-Americana Hotel, Washington, 


Congress of Neurological Surgeons, annual meeting, Wash- 


April 23-27 
ing, New Orleans 
24-29 
ture Hotel, Los Angeles 
Aug 27-Sept 1 
Quebec 
31-Sept 6 
Spain 
Sept 17-21 
Montreal 
24-29 
DC 
24-29 
ington Hilton, Washington, DC 
Oct 26-28 Southern EEG Society, annual meeting, Atlanta 
Nov 5-9 


Congress of Neurological Surgeons.— 
The Congress of Neurological Sur- 
geons held its 27th annual meeting on 
Oct 10 through 14, 1977, in San Fran- 
cisco. The following officers are 
announced: president, Albert L. Rho- 
ton, Jr; president elect, David L. Kelly, 
Jr; vice-president, John W. Tew, Jr; 
secretary, Edward R. Laws, Jr; trea- 
surer, J. Fletcher Lee; and executive 
committee, Edward F. Downing, Jo- 
seph C. Maroon, and J. Charles Rich. 

Perry Black, MD, was awarded the 


- Distinguished Service Award. The 


winner of the Residents Award pre- 
sented at the annual meeting was 
Robert F. Spetzler, MD, for his paper, 
“Alterations in Blood Flow through an 
Experimental Cerebral Arteriovenous 
Fistula.” The next annual meeting 
will be held at the Washington Hilton, 
Washington, DC, Sept 24 through 29, 
1978. 


An International Evoked Potentials 
Symposium.—An international Evoked 
Potentials Symposium will be held in 
Nottingham, England, on Sept 4 
through 6, 1978. The symposium will 
present a "state-of-the-art" picture of 
work in the field of evoked poten- 
tials—visual, auditory, and others— 
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Society for Neuroscience, annual meeting, St Louis Conven- 
tion Center, St Louis 


organized under the general headings 
of "Origins," "Analysis," and "Appli- 
cations." 

It will be of interest to electrophys- 
iologists, psychologists, and clini- 
cians who are active in this expanding 
field. Invited lectures by leading 
workers will begin each session, the 
bulk of which will comprise submitted 
papers relevan: to the session topic. 

Offers of papers are invited from 
scientists and clinicians. Contact Colin 
Barber, Principal Physicist, Medical 
Physics Department, University Hos- 
pital and Medical School, Notting- 
ham, England. NG7 2UH; telephone 
700111. 


Neuroanatomy / Neurophysiology-Ba- 
sic Review.—Or Jan 7 through March 
11, 1978, the Neuroanatomy/Neuro- 
physiology-Basic Review for Neurol- 
ogy, Neurosurgery, and Psychiatry 
Boards will take place at 9:30 AM to 
noon, Saturdays, at the College of 
Physicians and Surgeons, Columbia 
University, New York. There will be 
ten sessions. For further information 
write Jose M. Ferrer, MD, Associate 
Dean, 630 W 158th St, New York, NY 
10032. Twentr hours of category 1 
credit (AMA) will be given. 


Neuroradiology Meeting.—The 16th 
annual meeting of the American 
Society of Neuroradiology will be held 
at the Hyatt Regency Hotel in New 
Orleans, Feb 26 through March 2, 
1978. An extensive scientific program 
will include papers on all aspects of 
neuroradiology, including computer- 
ized tomography and keynote lectures 
by experts in fields closely related to 
neuroradiology. The registration fee 
is $200. For further information 
contact the American Society of Neu- 
roradiology, c/o Betty Fata, Venue 
West, 1704-1200 Alberni St, Vancou- 
ver, British Columbia, V6E 1A6, Can- 
ada. 


Neurological Conference.—A confer- 
ence, under the auspices of the Centre 
for Medical Research, will be held at 
the University of Sussex on April 6 
through 8, 1978. The subjects to be 
discussed include pain, neuropharma- 
cology of the basal ganglia, epilepsy, 
the brain and behavior, virus disease 
of the nervous system, and multiple 
sclerosis. Contact: Dr Simon Nurick, 
Hurstwood Park Neurological Centre, 
Haywards Heath, West Sussex, RH17 
TSJ, England. 


Herndon Named Director of Roches- 
ter’s Brain Research Center.—Dr Robert 
M. Herndon, associate professor of 
neurology at the Johns Hopkins Uni- 
versity School of Medicine and direc- 
tor of the Johns Hopkins Hospital 
Neurology Clinics, has been named 
director of the University of Roches- 
ter Center for Brain Research. 

Dr Herndon received his MD degree 
at the University of Tennessee and 
served his internship and neurological 
residency at Wayne State University. 
Dr Herndon has been a research 
fellow in anatomy at Harvard Univer- 
sity, an assistant professor of neurol- 
ogy at Stanford University, and chief 
of neurology at the Palo Alto Veter- 
ans Hospital. He won the 1968 Arthur 
Weil Award of the American Associa- 
tion of Neuropathologists. 


Fourth International Congress on 
Neuromuscular Diseases.—The Fourth 
International Congress on Neuromus- 
cular Diseases will be held in Mon- 
treal, Quebec, Canada from Sept 17 
through 21, 1978. An interesting 
program of symposia and free com- 
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munications (platform and poster ses- 
sions) has been planned. Symposia 
with invited speakers have been orga- 
nized on the following topics: cell 
membranes and muscle disease; ace- 
tylcholine receptors and myasthenia 
gravis; nerve structure and function; 
cell interactions in the peripheral 
nervous system; toxic disorders; devel- 
opmental abnormalities; and meta- 
bolic disorders. The deadline for 
submission of abstracts for free com- 
munieations is March 1, 1978. Regis- 
tration information and abstract 
forms may be obtained from The 
Secretariat, Fourth International 
Congress on Neuromuscular Diseases, 
3587 University St, Montreal, Quebec, 
Canada, H3A 2B1 


Notes From NINCDS 


Staff Appointment.-Dr K. Kenneth 
Hisaoka has been appointed Director 
of the Extramural Activities Pro- 
gram, NINCDS. Dr Hisaoka comes to 
NINCDS from the National Institute 
of Dental Research, where he served 
as Deputy Associate Director for 
Extramural Programs for the past six 
years. Dr Hisaoka has held teaching 
posts at Rutgers and at Loyola 
University, Chicago. 

Coma Research. The ^ NINCDS 
Stroke and Trauma Program is inter- 
ested in receiving applications for 
research grants dealing with the 
pathophysiology of coma or for clinical 
research centers that would allow 
coordination of basic and clinical 
projects on such problems as etiology, 
mechanisms, differential diagnosis, 
and treatment. The next deadline for 
receipt of project applications is 
March 1, 1978; for center applications 
Feb 1, 1978. Inquiries should be 
directed to the Stroke and Trauma 
Program, NINCDS, Room 8A13, Fed- 
eral Building, 7550 Wisconsin Ave, 


Bethesda, MD 20014; telephone 
(301)496-4226. 
Epilepsy Commission — Report.—A 


“Plan for Nationwide Action on 
Epilepsy” was announced Aug 29, 
1977, in Washington, DC, by the 
Commission for the Control of Epilep- 
sy and Its Consequences. The plan 
climaxes an 18-month effort by the 
Commission, which has held 48 publie 
hearings and consumer and profes- 
sional workshops collecting testimony, 
and assembled more than 400 specific 
recommendations aimed at bettering 
the lives of epilepsy victims. 

The central feature of the plan is a 
proposal by the Commission that a 
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Comprehensive Epilepsy Service Net- 
work, which would coordinate and 
mobilize existing resources, be 
created. The Commission found that 
41 states lack any focal program 
concerned with epilepsy and has noted 
that, on the federal level, the only 
organized unit with epilepsy as a 
specific concern is the Epilepsy Re- 
search Branch of NINCDS. 

The central component of the Com- 
prehensive Network would be a new 
Office for Special Neurological Im- 
pairments (OSNI). This office would 
consist of a small staff recommended 
for initial operation under the 
NINCDS for three years. During that 
time, responsibilities for parts of the 
Network would be transferred to 
other more appropriate agencies, such 
as the Health Services Administra- 
tion, the Center for Disease Control, 
and the Developmental Disabilities 
Office. 

The physician could refer his pa- 
tient to one of 500 regional Commu- 
nity Resource Persons (CRPs) who 
would function as liaisons, providing a 
two-way flow of pertinent informa- 
tion and appropriate clients. A pro- 
posed 50 national Epilepsy Family and 
Resource Teams (EFIRTs) would be 
interdisciplinary groups providing 
specialized medical care, mental 
health, and social services, offering 
training and counseling, and giving 
back-up support for community pro- 
viders in difficult cases. In addition, 
ten of the EFIRTs would conduct clin- 
ical research. The EFIRTs would have 
the responsibility of informing physi- 
cians and other community service 
providers of the latest and most effec- 
tive therapies. 

The central Federal Office, which 
would direct and support the EFIRTs 
and CRPs, would also operate a 
National Information Center on Epi- 
lepsy. This center, acting in concert 
with voluntary organizations such as 
the Epilepsy Foundation of America, 
would conduct a large-scale public 
education program. 

Copies of the plan (volume 1) are 
available from the NINCDS Informa- 
tion Office. Appendices, including 
proceedings, references, and other 
data, will be published in the next few 
months. 

Valproate Sodium.— Valproate sodi- 
um is an antiepileptic drug helpful in 
treating a wide spectrum of seizures 
and of unusual benefit in the control 
of generalized seizures-absence (petit 
mal), generalized tonic-clonic seizures 
(grand mal), and clonic seizures. It has 


been used effectively for ien years 
outside the United States and is avail- 
able today in 15 foreign countries. The 
drug has not yet been approved for 
general use by the Food and Drug 
Administration (FDA). However, a 
physician can obtain special permis- 
sion to use valproate sodium for his 
seizure patients who fall into either of 
two categories: 

l. Neurologists, neurosurgeons, and 
internists specializing in the treat- 
ment of epilepsy may request permis- 
sion to use valproate sodium for a 
maximum of two patients per physi- 
cian under a standard protocol from 
Abbott Laboratories. Such patients 
must be refractory to all other thera- 
pies and demonstrate a need for treat- 
ment with valproate sodium. Physi- 
cians qualifying under these restric- 
tions should request permission to 
obtain valproate sodium. under the 
FDA-approved standard protocol 
from Dr Richard DeJong, Associate 
Director of Clinieal Research, Phar- 
maceutical Products Division, ‘Abbott 
Laboratories, North Chicago, IL 
60064. 

2. Physicians who are not neurolo- 
gists, neurosurgeons, or internists 
specializing in the treatment of 
epilepsy who have more than two 
patients whom they wish to treat with 
valproate sodium or whose patients 
have not demonstrated that they are 
refractory to all other forms of 
epilepsy therapy can obtain permis- 
sion to use valproate sodium by 
applying to the FDA for a compas- 
sionate investigational new drug ap- 
plication (IND). Application forms for 
a compassionate IND may be re- 
quested from Donald Kennedy, PhD, 
Commissioner, US Food and Drug 
Administration, 5600 Fishers Ln, 
Rockville, MD 20857. 

It is suggested that physicians send 
their request by certified mail. 

In order to monitor both. the 
number of requests to Abbott Labora- 
tores and the FDA and their 
responses, the Epilepsy Foundation of 
America is asking the cooperation of 
all physicians who make such re- 
quests. Please send copies of requests 
to Abbott Laboratories and/or the 
FDA, certified mail return receipts, 
responses received from Abbott Labo- 
ratories and/or FDA, and copies of 
any other pertinent communications 
to Pamela McGarvey, Coordinator, 
EFA Research Administration, Epi- 
lepsy Foundation of America, 1828 L 
St NW, Suite 406, Washington, DC 
20036. 
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We are proud to announce the addition of The Psychiatric Clinics of North 
America to our library of successful periodicals. 


This new series will offer timely, thorough and authoritative coverage of current 
topics of interest in the field of psychiatry. Our symposia format is ideal for the 
presentation of many-sided controversies, and provides the kind of in-depth 
examination of a subject that is rarely found in journals or other periodicals. 


Attuned to the current trend toward a "psychophysiological" approach to psychiatry, 
the new series will emphasize solid clinical and scientific information. The 
contributors to the Clinics, all respected authorities in their specialties, will give you 
reliable, practice-applicable data — not educated opinions. 


For the small price of a yearly subscription, these fine hardbound periodicals will 
keep you abreast of new developments 
and remain as longstanding references. 


Enroll now as a charter subscriber with a = GE ee OE ac Gies 
no-risk 30-day return privilege. ( 29. LV. P \ 


Published three times yearly. About 225 pp. per Enroll me in the Psychiatric 
issue. Illustd. Hardcover. Yearly subscription Clinics of North America. AON 2/78 
about $30.00. 


About $30.00 per year. 


1978 Symposia 


April — Brain Disorders: POSITION & AFFILIATION (IF APPLICABLE) 


Clinical Diagnosis and Management ADDRESS 


FULL NAME i 


August — Behavior Therapy Er e — 3 U7ONEBUIEU V See 





O check enclosed O bill me Prices subject to change. 


December — Obesity: 


Basic Mechanisms and Treatment W B.Saunders CO. 


West Washington Square Philadelphia, PA 19105 
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The vulnerable 


eS. The first epileptic seizure 
is most likely to occur 
during early childhood and 
at the onset of puberty 


About 9 out of 10 epileptics experience their first seizure before the 
age of 20— with the highest incidence between 5 and 7, when chil- 
dren start school, and at the onset of puberty, a time of physiological 
and psychic turmoil.! The most common type. grand mal, occurs 
in approximately 75% of epileptic children, and more than 50% 
of patients who suffer initially from petit mal develop grand mal 
seizures before they reach the age of 16 





Mysoline (primidone) for 
control of grand mal,psycho- 
motor and focal epilepsy 


At the onset and afterwards — used alone or as concomitant 
therapy, MYSOLINE may reduce the frequency and severity of 
major motor seizures—or even eliminate them. Excellent for con- 
trol of grand mal. Valuable for control of psychomotor!^4 and 
focal epilepsy as well.’ 


Add Mysoline when control with other anticonvul- 
sants is inadequate — As concomitant therapy, MYSOLINE can 

improve seizure control in grand mal and psychomotor epilepsy. 
The combined use of phenobarbital, diphenylhydantoin, and 

MYSOLINE may have additive anticonvulsant effects without addi- 
tive side effects.° 


Change to Mysoline when other anticonvulsants fail — 
A changeover to MYSOLINE is frequently warranted when other 
anticonvulsants must be discontinued because of important side 
effects, or when grand mal seizures are refractory to phenobarbital, 


with or without diphenylhydantoin.’ 
Ayerst. 


Mysoline 


Tablets 250 mg. 


(primidone C 
Suspension 250 mg./5 cc. 


pr be the start of a 
belies life for the epileptic 


See following page of advertisement for prescribing information. 7538 








Mysoline’ (primidone) 


may be the start of a better life for the epileptic 


initial and maintenance therapy for 
grand mal, psychomotor and focal epilepsy 


. BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 





AYERST LABORATORIES 
New York, N.Y. 10017 


MYSOLINE” brand of PRIMIDONE 


Anticonvulsant 


ACTIONS: MYSOLINE acts on the central nervous system 
to raise seizure threshold or alter seizure pattern. The mecha- 
nism(s) of action of anticonvulsant drugs is not known. 


Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA); the other is 
phenobarbital. In addition to its own anticonvulsant potential, 
PEMA potentiates phenobarbital. 


INDICATIONS: MYSOLINE, either alone or used con- 
comitantly with other anticonvulsants, is indicated in the con- 
trol of grand mal, psychomotor, and focal epileptic seizures. It 
may control grand mal seizures refractory to other anticonvul- 
sant therapy. 


CONTRAINDICATIONS!: Primidone is contraindicated 
in: 1) patients with porphyria and 2) patients who are hyper- 
sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 


medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes several days 
before it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the use of anticonvulsant drugs by women with 
epilepsy and an elevated incidence of birth defects in children 
»orn to these women. Reference has been made to primidone in 
several cases in which it was used in combination with other 
anticonvulsants; but its teratogenicity has not been conclusively 
demonstrated. The possibility exists that other factors, e.g., 
genetic factors or the epileptic condition, may contribute to the 
higher incidence of birth defects. The data also indicate that the 
great majority of mothers receiving anticonvulsant medication 
celiver normal infants. 


Anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and risk to both mother and the unborn 
child. 

When the nature, frequency, and severity of the seizures do not 
pose a clear threat to the patient, good medical practice requires 
that the physician weigh the expected therapeutic benefit of 
anticonvulsant therapy against possible risk on an individual 
basis. 


Neonatal hemorrhage, with a coagulation defect resembling 


“vitamin K deficiency, has been described in newborns whose 


mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K ; therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS: The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
tiple analysis-12 (SMA-12) test should be made every six 
months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in sub- 
stantial quantities. Since tests for the presence of primidone in 
biological fluids are too complex to be carried out in the average 
clinical laboratory, it is suggested that the presence of undue 
somnolence and drowsiness in nursing newborns of 
M'Y'SOLINF-treated mothers be taken as an indication that 
nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 
ring early side effects are ataxia and vertigo. These tend to dis- 
appear with continued therapy, or with reduction of initial 
dosage. Occasionally, the following have been reported: nausea, 
anorexia, vomiting, fatigue, hyperirritability, emotional dis- 
turbances, sexual impotency, diplopia, nystagmus, drowsiness, 
and morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the drug. 
Megaloblastic anemia may occur as a rare idiosyncrasy to 
MYSOLINEand toother anticonvulsants. The anemia responds 


to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg. 
Increments of 250 mg. are added, usually at weekly intervals, 
to tolerance, or therapeutic effectiveness, up to daily doses not 
exceeding 2.0 Gm. A typical dosage schedule for the introduc- 
tion of MYSOLINE ( primidone) is as follows: 


Adults and Children Over 8 Years of Age 













1st Week 2nd Week 


250 mg. daily at bedtime 250 mg. b.i.d. 


3rd Week 4th Week 
250 mg. t.i.d. 250 mg. q.i.d. 


In children under 8 years of age. maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage. 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 





In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage of the 
other drug(s) is maintained or graduallv decreased. This regi- 
men should be continued until satisfactory dosage level is 
achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 
* for initiation of combination therapy 
' * during "transfer" therapy 
e for added protection in periods of stress or stressful situa- 
tions that are likely to precipitate seizures ( menstruation, 
allergic episodes, holidays, etc.) 


HOW SUPPLIED: MYSOLINE Tablets — No. 430 —Each 
tablet contains 250 mg. of primidone (scored), in bottles of 
100and 1,000. Alsoin unit dose packageof 100. No. 431 — Each 
tablet contains 50 mg. of primidone ( scored), in bottles of 100 
and 500. MYSOLINE Suspension —No. 3850 — Each 5 cc. (tea- 
spoonful) contains 250 mg. of primidone, in bottles of 8 fluid- 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 
of Epilepsy in Infancy, Childhood and Adolescence, Springfield, 
Ill., Charles C Thomas, 1972, pp. 6, 7, 584. 2. Grossman, H.J.: 
Ill. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn, 
H.F.: Current Therapy 1973, Philadelphia, Saunders, 1973, 
pp. 675-7. 4. Metrick, S.: C. M.D. 37:49 ( Jan.) 1970. 5. Forster, 
F.M.: Med. Clin. North Am. 47:1579 (Nov.) 1970. 6. White, 
P.T.: Wis. Med. J. 68:178 (Apr.) 1969. 7. Millichap, J.G.: 
Drug Ther. 1:15 (Oct.) 1971. 
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BOOKS IN NEUROLOGY AND RELATED DISCIPLINES 


HYPERSOMNIA WITH PERIODIC 
APNEAS 
Advances in Sleep Research, Vol. 4 


By Elio Lugaresi, M.D., Giorgio Coccagna, M.D., and 
Magda Montavani, M.D. “This is an unusually significant 
book; an elegant and comprehensive account of the past 
decade of the authors' crucial investigations and dis- 
coveries on the syndrome .. .. In true pioneer fashion 
they have patiently and persistently accumulated the 
seminal data. Their studies have ranged widely, empha- 
sizing particularly the hemodynamic components of 
HPA. No less significant is the descriptive work on the 
repetitive apneas and their relation to sleep stages, 
varieties of upper airway problems, evolution of HPA, 
treatment evaluation."—William C. Dement, M.D., Ph.D. 
Spring 1978 $20.00(Tent.) 


PEDIATRIC NEUROLOGY AND 
NEUROSURGERY 


Edited by Richard A. Thompson, M.D. and John R. 
Green, M.D., F.A.C.S. Neurological and neurosurgical 
disorders of the infant, child, and adolescent are a group 
of the most frequent and challenging problems of me- 
dicine. In this book, 20 noted authorities address such 
killing and crippling conditions as CNS developmental 
abnormalities; NDS; auto-immune diseases; migraine, 
headache and vertigo; newborn and febrile seizures; 
convulsive disorders; and congenital malformations. 
Recent advances are offered in pediatric neuroradiology, 
pediatric. neuroanesthesia, and pediatric neurosurgery 
of trauma and tumors. 


Spring 1978 $25.00(Tent.) 


AGING AND DEMENTIA 


Edited by W. Lynn Smith, Ph.D. and Marcel Kinsbourne, 
M.D. “This small book, written in nine chapters by ex- 
perts in neuropsychology, psychiatry, neurology, neuro- 
pathology, and neuroradiology, from both sides of the 
Atlantic, recognises the difficulties, recounts what has 
been achieved so far, and points the way for the future. 
In particular, it emphasises the value of multidisciplinary 
prospective research. . . . the book should help all con- 
cerned to understand each other's work better, and 
provide ideas for interdisciplinary 
Med. J. 
1977 


research." — Brit. 


xii + 244pp., illus. $15.00 


BIOLOGICAL BASES 

OF PSYCHIATRIC DISORDERS 

Edited by Alan Frazer, Ph.D. and Andrew Winokur, 
M.D., Ph.D. An interdisciplinary venture into the mind 
and the sources of its disorders, this text explores the 
intricate relationship between the brain as a biological 
entity and human behavior. Based on a carefully planned 
biological background, it deals with substantive issues 
in the major behavior disorders. *. . . a superb, easily 
read book. . . . it isa pleasure to leaf through this book, 
with regard to illustrations, with regard to content—even 
with regard to typography."—Comm. in Psychopharm. 
1977 xiv + 27Ipp., illus. $15.00 


TOPICS IN CHILD NEUROLOGY 


Edited by Michael E. Blaw, M.D., Isabelle Rapin, M.D. 
and Marcel Kinsbourne, M.D. Internationally-acclaimed 
neurologists from four continents offer compelling an- 
alyses of neonatal neurology, temporal lobe seizures in 
childhood, language and attention in learning disabilities, 
behavior disorders in childhood and their treatment. 
Plus: Sven Brandt on the parentage of child neurology 
and Henri Gastaut on the Lennox-Gastaut Syndrome. 
All phases of treatment, from diagnosis, behavior, sur- 
gery and pharmacokinetics through the use of this in- 
formation to determine biological predictors, are dis- 
cussed in detail. 
1977 xii *- 343pp., illus. $25.00 
PATHOGENESIS AND TREATMENT 
OF HEADACHE 


Edited by Otto Appenzeller, M.D., Ph.D. “When one has 
Arnold Friedman, John Graham, and Earl Walker, to 
mention a few of the many prominent names connected 
with headache, writing from their own viewpoints, on 
their own hobby horses, and with their own brands of 
humour, the result is a fascinating series of cameos that 
can be read in any order, at any time, and again and 
again. . . . for effective management and classification 
of headache one necessary factor is repeated again and 
again throughout the book-justifiably so—and that is 
the importance of scrupulous history taking, and the 
need to appreciate what is known of underlying mecha- 
nisms.” — Brit. Med.J. This book was selected one of the 
ten best of the year by Practical Psychology for Phy- 
sicians magazine. 
1976 


x + 217pp., illus. $18.00 


SP MEDICAL & SCIENTIFIC BOOKS 


fill a division of Spectrum Publications, Inc. 


Please send me the titles checked below: 


) Hypersomnia with Periodic Apneas (036-2) 
) Pediatric Neurology and Neurosurgery (035-4) 
) Aging and Dementia (01 3-3) 


) Topics in Child Neurology (021-4) 


LL ON 


( ) Payment enclosed ( ) Bill me 


) Biological Bases of Psychiatric Disorders (011-7) 


) Pathogenesis and Treatment of Headache (000-1) 


175-20 Wexford Terrace, 
Jamaica, New York 11432 


Name 


Address . 
City/State/Zip 


Europe, Africa, Middle East: SP Medical & Scientific Books, 
3 Henrietta St., London WC2E 8LU, England. Listed prices, 
subject to change without notice, apply in U.S. and Canada 


only. N.Y.S. residents add sales tax. 
ARN-2 
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THE GRASS TEAM 





IS ALIVE AND 





Grass Instrument Company grows in response to 
demands for new and promising ways to look at 
electrocerebral activity. It is the job of our 
application engineering team to be responsive to 
your ideas and advise you on the instrumentation 
that will best meet your clinic and laboratory needs. 
Clinical EEG labs now use video tape, computers 
and monitoring devices. Grass Instruments 
interface directly with these important diagnostic 
tools. Should you have questions about how best to 


#0132E77 € GRASS INSTRUMENT CO 1977 


GROWING 





record evoked potentials, the potential applications 
of 8 channel EEG tape cassette systems, telephone 
transmission or other processing of EEG data, talk 
to the experts — the engineers from Grass. 


GRASS the fine line of EEG recording instruments. 


| GRAS S/ APERE 


MEDICAL EME ql 
QUINCY, MASS. 02169 « 617/773-0002 


Fast Disintegration: Taken at the first symptom 


of migraine, Wigraine tablets disintegrate 7 to 70 times faster 
than other migraine preparations.* A patented microgranula- 
tion process “bursts” the tablets apart so that digestive juices 
have unhindered access to the active ingredients—providing 
quick-release medication 


e to halt throbbing head pain before it takes hold 
eto ease the nausea and "sickness" of migraine attacks 


eto relieve pain from sustained contraction of head and 
neck muscles 


eto allay the feelings of hopelessness in many migraine 
patients 


e to rebuild the patient's confidence in therapy 


Each Wigraine tablet and rectal suppository contains ergotamine tartrate, 1 0 mg; caffeine, 
100.0 mg; belladonna alkaloids (levorotatory), representing 87.5% hyoscyamine and 12.596 
atropine as sulfates, 0.1 mg and phenacetin, 130.0 mg 


PRECAUTIONS: Dosage of either tablets or suppositories singly or in combination should 
not exceed a total of 12 during any seven-day period. Although rare, ergotamine is capable 
of producing all the symptoms of ergotism. CONTRAINDICATIONS: Peripheral vascular or 
coronary disease, angina pectoris, hypertension, renal or hepatic dysfunction, pregnancy, 
septic states, incipient glaucoma. SUPPLIED: Tablets—individually foil-wrapped in boxes of 
20 or 100. Suppositories—individually foil-wrapped in boxes of 12 


Qe) 
A PART OF /^K2)0098 IN 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 















, The 
Time for 
Relief 









An early stage in the migraine episode—constricted cerebral 
arteries impair blood flow and evoke the warning aura. Taken 
now, Wigraine can often abort the attack before the onset of 
painful headache. 


Wigraine Timed 






Actual photos show total disintegration of Wigraine tablet in 
digestive juice in only 18 seconds (range 8"-32"; average 18"). -4 
In the same test, other well-known migraine tablets take as long 
as 24 minutes and more. 


Tested in USP disintegration apparatus. Data on file, Research Department, Organon Inc 
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COOK COUNTY GRADUATE 
SCHOOL OF MEDICINE 







Announces the 
Following Courses: 






NEUROLOGY, PART I, BASIC 
March 6-11, 1978 
NEUROLOGY, PART Il, CLINICAL 
september 11-16, 1978 
RECENT ADVANCES IN NEUROLOGY 
November 13-17, 1978 
REVIEW COURSE IN PSYCHIATRY 
April 3-7, 1978 
RECENT ADVANCES IN PSYCHIATRY 

October 23-27, 1978 


For more detailed information and 
registration forms, address: 

















REGISTRAR 
Cook County Graduate School of Medicine 
707 South Wood Street 
Chicago, Illinois 60612 







Now 


available! 
The latest 


Information 


on self- 
assessment 
programs. 
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While every precaution is taken to insure accuracy, we cannot guarantee 
against the possibility of an occasional change or omission in the preparation 
of this inder. 







The new edition of the AMA's 
DIRECTORY OF SELF-ASSESS- 
MENT PROGRAMS FOR PHY- 
SICIANS is now available. It lists 
programs sponsored by all major 
specialty societies, on 21 topics. 


Each program is listed by topic 
and sponsor and includes sites 
and times of tests, content, for- 
mat, time required, method of 
scoring, aids to learning, fees 

and whom to write. 





To order your copy | 


of the Directory, | DIRECTORY OF 
($1 ea.) write: Order | PROGRAM | 
Dept. OP-414, | 
American Medical 
Association, 

535 N. Dearborn St., 
Chicago, Ill. 60610. 








ELECTROMYOGRAPH 


LT Model 9000 


Portable 


The Model 9000 is a rugged, compact, 
exceptionally easy-to-use single channel EMG. It is 
smaller and lighter than any comparable instrument, 

yet has a full 5” oscilloscope face. 








Expandable Serviceable 

The Model 9000 plugs into a module bay which We have expended considerable effort to reduce 
accepts a variety of expansion modules. Modules both the cost and inconvenience of servicing the 
include a channel expander, stimulus programmer, Model 9000. The instrument's design is modular 
signal averager, and signal store and record throughout, and all functional components can be 
system. The Model 9000 can be quickly unplugged replaced by simply unplugging. Indicator lights 
from the module bay, taken into the field for testing, quickly identify malfunctioning modules. Thus, 
then returned and just as quickly plugged back into repairs normally taking hours often can be effected 


the module bay. in minutes. In addition, a nationwide service center 


network supports all of LTI’s electronic medical 
instrument lines. 


For complete technical literature write or phone. 


Life-Tech Instruments, Inc. 


F O BO 46221 * HOUSTON TEXAS 77036 «(7131783 RAQ( 
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Specific vascular changes are revealed by liquid crystalography 


Liquid crystal thermography dynamically demonstrates the unilateral surface temperature changes reflective of the dilation of deep 
cerebral arteries during a migraine attack. Liquid crystals allow differences in skin temperature to be "mapped" directly on the subject. 
Variations in skin heat loss are registered immediately, enabling rapid temperature changes to be followed easily. (Red reflects 


the coolest temperature, then green, blue, and violet.) 


This picture was taken of a migraine sufferer during an attack. The colors over the left eye reflect the cooler skin temperature due 
to the unilateral decreased bload flow to the forehead skin vessels that results from dilation of cerebral vessels on the affected side. 


Specific therapy 
for migraine 


complicated by 
tension and G.I. upset 


The combined vasoconstrictive actions of ergotamine and caffeine 
offer the best therapeutic results in helping to abort or relieve 
the migraine headache. Additionally, belladonna alkaloids 

help relieve the accompanying gastrointestinal irritability. And 
the patient’s nervous tension, perhaps a precipitating factor in 
the onset of an attack, is often allayed by the pentobarbital in 
Cafergot P-B. 


TABLETS: Gynergen? (ergotamine tartrate, U.S.P.) 1 mg.; caffeine, U.S.P., 
100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as malates) 
0.125 mg.; sodium pentobarbital, U.S.P., (Wasning : May be habit 

forming) 30 mg. 

SUPPOSITORIES: Gynergen® (ergotamine tartrate, U.S.P.) 2 mg.; caffeine, 
U.S.P., 100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as 
malates) 0.25 mg.; pentobarbital, N.F.( Warning: May be habit forming) 60 mg.; 
tartaric acid, N.F., malic acid, lactose, U.S.P., and theobroma oil, U.S.P. 





Contraindications: Peripheral vascular disease, coronary heart disease, 
hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
Hypersensitivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop 
even after long term intermittent use of the orally or rectally administered 
drugs, care should be exercised to remain within the limits of 
recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle 
pains in the extremities, weakness in the legs, precordial distress 

and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 


Adult Dosage: Ora//y—tTwo tablets at first sign of attack; if needed, 1 
additional tablet every half hour until relieved (maximum, 6 per attack or 
10 per week). Recta//y—One suppository as early as possible in attack; 
second in 1 hour, if needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and 
cyanosis of the extremities associated with diminished or absent 
peripheral pulses; hypertension or hypotension; drowsiness, stupor, coma, 
convulsions and shock. A case has been reported of reversible bilateral 
papillitis with ring scotomata in a patient who received five times the 
recommended daily adult dose over a period of 14 days. Treatment 
consists of induction ^f emesis, gastric lavage, and catharsis; maintenance 
of adequate pulmonary ventilation; correction of hypotension; and 

control of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
may be used with benefit but caution must be exercised to 

avoid aggravating an already existent hypotension. 


Before prescribing, see package insert 
for full product information. 


Sandoz Pharmaceuticals, East Hanover, N.J.07936 SANDOZ 75-313 
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Prognostic Factors in the Survival of 1,484 Stroke Cases Observed for 30 to 48 Months ......H. A. H. Abu-Zeid, 
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-Why Endep make: 
with amitriptyline HC 


Hypothetical 30-day course of Endep therapy for a 120 lb., 50-year old woman. 


150 má 


100 m 





50 mg 


Half-dose adjustments b.s., depending on progress or side effects. 


Because therapeutic levels of amitriptyline vary greatly from patient 
to patient, reaching the optimal dose requires careful titration. 
Endep (amitriptyline HCL) greatly facilitates this process because 
it is the only tricyclic with which you can adjust dosage by 

"d half-tablet increments or decrements 
VAM according to the therapeutic response 
ZEN " and/or side effects. < 
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tration — 
more practical: 


Flexibility promotes optimal response and economy 
—————— ———— —— ——— 


The wide range of six different tablet strengths — [rom 10 mg to 
150 má — permits you to prescribe the strength best suited for tbe individual patiem 
Because you won't need a new Rx, you can save your patient the cost of an 
extra prescription fee. And, by prescribing the daily dose at bedtime, you can 
prescribe the higher strength at the outset and help the patient economize on the 
prescription price per milligram. 


Scored tablets obviate need for new Rx 
a 


Half-tablet dosage adjustments with Endep (amitriptyline HCI) 
are possible because every tablet is scored. You can prescribe a single strength 
and still bave the advantage of adjusting dosage without resorting to a new Rx. 





Endep. . 


amitriptyline HCT/ 


The balf-strength advantage 


Before prescribing, please consult complete product information, a summary of which appears on the following page. 
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Practicality is 
a fundamental fact 


about Endep 
amitriptyline HCI Roche 


Every tablet of 
Endep (amitriptyline HCI) 
is scored for precise, 
convenient adjustment 
of dosage. 


Half-tablet adjustment 
of dosage does not require 
a new Rx. 


d CD Od 


Single daily b.s. dosage 
promotes compliance and 
economy. 


Compliance with 
practical regimen promotes 
optimal response. 


Before prescribing, pleaseconsult complete 
product information, a summary of which 
follows: 


Indications: To relieve symptoms of depression 
(notably endogenous depression) and depression 
accompanied by anxiety. 


Contraindications: Known hypersensitivity. Do 
not use with monoamine oxidase (MAO) inhibitors 
or within at least 14 days following discontinuation 
of MAO inhibitors since hyperpyretic crises, severe 
convulsions and deaths have occurred with con- 
comitant use; then initiate cautiously, gradually 
increasing dosage until optimal response is 
achieved. Use not recommended during acute 
recovery phase after myocardial infarction. 


50 mg ¢ 


Warnings: May block action of guanethidine or similar 
antihypertensives. Use with caution in patients with 
history of seizures, urinary retention, angle-closure glau- 
coma, increased intraocular pressure. Closely supervise 
cardiovascular patients, hyperthyroid patients 

and those receiving thyroid medications. TTA 
(Arrhythmias, sinus tachycardia and 
prolongation of conduction time 
reported with use of tricyclic anti- 
depressants, including amitriptyline 

HCI, especially in high doses. Myocardial : 
infarction and stroke reported with use 100 mg 

of this class of drugs.) May impair alertness; warn against 
hazardous occupations or driving a motor vehicle during 
therapy. Weigh possible benefits against hazards during 
pregnancy, the nursing period and in women of child- 
bearing potential. Not recommended in children under 12. 


Precautions: May exaggerate symptoms in schizo- 
phrenic and paranoid patients, or shift manic-depressives 
to manic stage; reduce dose or administer major tran- 
quilizer concomitantly. Close supervision and careful 
dose adjustments required when given with anticholin- 
ergic or sympathomimetic agents. Exercise care in 
patients receiving large doses of ethchlorvynol; transient 
delirium reported with concomitant administration. May 
enhance effects of alcohol, barbiturates and other CNS 
depressants. Because of the possibility of suicide in de- 
pressed patients, do not permit easy access to large drug 
quantities in these patients. Because it may increase haz- 
ards of electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue drug several 
days before elective surgery. Both elevation and lowering 
of blood sugar levels have been reported. 


Adverse Reactions: Note: This list includes a few ad- 
verse reactions not reported with this specific drug but 
requiring consideration because of similarities of tricyclic 
antidepressants. Cardiovascular: Hypotension, hyperten- 
sion, tachycardia, palpitation, myocardial infarction, 
arrhythmias, heart block, stroke. CNS and Neuromuscular: 
Confusional states; disturbed concentration; disorienta- 
tion; delusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, tingling 
and paresthesias of the extremities; peripheral neuro- 
pathy; incoordination; ataxia; tremors; seizures; alter- 
ation in EEG patterns; extrapyramidal symptoms; 
tinnitus. Anticholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, paralytic ileus, 
urinary retention, dilatation of urinary tract. Allergic: 
Skin rash, urticaria, photosensitization, edema of face 
and tongue. Hematologic: Bone marrow depression includ- 
ing agranulocytosis, eosinophilia, purpura, thrombocyto- 


penia. Gastrointestinal: Nausea, epigastric distress, vomiting, 


anorexia, stomatitis, peculiar taste, diarrhea, parotid 
swelling, black tongue. Endocrine: Testicular swelling and 
gynecomastia in the male, breast enlargement and 
galactorrhea in the female, increased or decreased libido, 


elevation and lowering of blood sugar levels. 









10 mg i 





` 25 mg 





Othe r: Dizziness, 
weakness, fatigue, 
headache, weight gain or loss, 
increased perspiration, urinary fre- 
quency, mydriasis, drowsiness, 
jaundice, alopecia. Withdrawal 
Symptoms: Abrupt cessation of treatment 
after prolonged administration may 
produce nausea, headache and malaise. 
» These are not indicative of addiction. 


; Dosage: Initiate at low levels, 
increase gradually, watching for signs 
of intolerance. As long as 30 days 
may elapse before adequate antide- 
pressant effect develops; sedative effect 
may be noted earlier. 


Initial Adult Dosage: Outpatients —25 mg t.i.d., may be 
increased to 150 mg/day. Add increased drug to after- 
noon and/or bedtime doses. Alternate —50 to 100 mg 
b.s., gradually increasing b.s. dose up to 150 mg/day. 
Hospitalized Patients — Ulp to 100 mg/day; increase 
gradually to 200 mg if necessary. A few patients may 
require 300 mg/day. 


Adolescent and Elderly Patients: In general, 10 mg t.i.d. with 
20 mg h.s. may be satisfactory for those who do not 
tolerate higher doses. 


Maintenance Dosage: With symptomatic improvement, 
reduce dosage to lowest amount that gives relief, usually 
25 mg b.id. to q.i.d., or 10 mgq.i.d. Continue maintenance 
therapy 3 months or longer to avoid relapse. 











150 mg 


Overdosage: Immediately hospitalize patient suspected 
of having taken an overdose. Treatment is symptomatic 
and supportive. IV administration of 1 to 3 mg physostig- 
mine salicylate reported to reverse the symptoms of 
amitriptyline poisoning. See complete product informa- 
tion for manifestations and treatment. 


Supplied: 10-mg, 25-mg, 50-mg, 75-mg, 100-mg and 
150-mg scored tablets — bottles of 100 and 500; 
Tel-E-Dose* packages of 100; Prescription Paks of 60 
(10 mg, 25 mg and 50 mg) or 30 (75 mg, 100 mg and 
150 mg), available singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Can Save 
Your Patient 
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Decadron^ Hexadrol^ 
dexamethasone, USP dexamethasone, USP 


Tablets 0.5 mg Tablets 0.5 mg 


100's 30's $ 4.16 per 100 
1000's 500's 43.42 per 1000 


Tablets 0.75 mg Tablets 0.75 mg 
100's i 100's 5.85 per 100 


1000's j 500's 46.30 per 1000 


Tablets 1.5 mg Tablets 1.5 mg 

50's 50's 8.74 per 100 
Tablets 4.0 mg Tablets 4.0 mg 

50's 100's 7.24 per 100 


*Based on wholesale price to retailer as listed in Drug Topics Red Book 1978. 


Economy...When You Need It, Hexadrol Has It! 


Organon Pharmaceuticals 
OrganonJ A Division of Organon Inc. 
West Orange, N.J. O7052 


A PART OF /,KZOn^ INC 
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She's about to have a migraine! 





After a morning of kids, phone Something’s wrong. Is the sun 
suddenly brighter? What are 
those flashing lights? Recog- 
nizing her prodromal signs, she 
quickly places a tablet of 


calls, and a broken antique 
lamp, she looks forward to an 
afternoon of leisurely shopping. 


Ergostat (ergotamine tartrate 
tablets) under her tongue. 


She pauses to rest. Ergostat 
begins to constrict intracranial 
blood vessels that, otherwise, 
would continue to dilate and 
cause excruciating pain. 


Confident now that the attack 
has been aborted, there’s no 
reason not to resume her 
planned activities. 


(ergotamine tartrate tablets) 
2-mg Sublingual Tablets 


..the drug of choice’ in the dosage form 


that aborts migraine headaches 
faster than oral tablets 


¢ Direct, rapid absorption via sublin 
vasculature reduces the potential 


fo 


al 
r Gl upset 


e Ergotamine is effective in approximately 
90% of all attacks of migraine? 


« Convenient — can be taken anytime, anywhere — 
no water needed 


* Single entity — nonnarcotic 
e Mint taste 
e Economical 


(ergotamine tartrate tablets) 
Sublingual Tablets 


DESCRIPTION Each sublingual tablet contains 2 mg 
ergotamine tartrate. 


ACTIONS Ergotamine is an alpha-adrenergic blocking 
agent with a direct stimulating effect on the smooth 
muscle of peripheral and cranial blood vessels and pro- 
duces depression of central vasomotor centers. 
Ergotamine also has the properties of a serotonin 
antagonist. 

Ergostat (ergotamine tartrate tablets) exerts a direct 
effect on cranial blood vessels, causing vasoconstric- 
tion, with concomitant decrease in the pulsations prob- 
ably responsible for migraine and other vascular 
headache symptoms. Ergostat is thus generally con- 
sidered to be a specific agent for therapy in this 
- condition. 

' Because ergotamine is a nonnarcotic, it avoids the 
dangers inherent with repeated use of narcotics in the 
treatment of frequent migraine attacks. 


INDICATIONS Vascular headaches, such as migraine 
and cluster headache (histaminic cephalalgia). 


PRECAUTIONS Avoid prolonged administration or 
dosage in excess of that recommended because of the 
danger of ergotism and gangrene. 


CONTRAINDICATIONS Contraindicated in sepsis, 
occlusive vascular disease (thromboangiitis obliterans, 
luetic arteritis, severe arteriosclerosis, coronary artery 
disease, thrombophlebitis, Raynaud’s disease), hepatic 
disease, renal disease, severe pruritus, hypertension, 
and pregnancy. Hypersensitivity to ergot alkaloids. 


ADVERSE REACTIONS When prescribed in correct 
dosage in the absence of contraindications, ergotamine 
is a safe and useful drug; few serious complications 
have been reported from its use in the migraine syn- 
drome. Unpleasant side effects which may occur in- 
clude nausea and vomiting, diarrhea, weakness in the 
legs, muscle pains in the extremities, numbness and 
tingling of fingers and toes, precordial distress and 
pain, and transient tachycardia or bradycardia. Local- 
ized edema and itching may occur in the rare sensitive 
patient. Side effects are usually not such as to neces- 
sitate interruption of therapy. 


References 
1. Diamond S, Medina JL: Migraine can be treated. 
The Female Patient 1:11-13, 1976. 
. Brazeau P: Oxytocics, oxytocin, prostaglandins, and 
ergot alkaloids, in Goodman LS, Gilman A (eds): 
The Pharmacological Basis of Therapeutics, ed 5. 
New York, Macmillan Publishing Co, Inc, 1975, p 877. 


DOSAGE AND ADMINISTRATION All efforts should 
be made to initiate therapy as soon as possible after 
the first symptoms of the attack are noted, because 
success is proportional to rapidity of treatment, and 
lower dosages will be effective. At the first sign of an 
attack, or to relieve the symptoms of the full-blown 
attack, one sublingual tablet is placed under the tongue. 
Another sublingual tablet should be placed under the 
tongue at half-hour intervals thereafter, if necessary, 
for a total of three tablets. Dosage must not exceed 
three tablets in any 24-hour period. Limit dosage to not 
more than 10 mg in any one week 


HOW SUPPLIED NO071-0111-13 Ergostat (ergotamine 
tartrate tablets) Sublingual Tablets, 2 mg, each in an 
individual foil pouch, with two strips of 12 pouches 
packaged in a plastic vial. TH 


PARKE-DAVIS 
PARKE, DAVIS & COMPANY Detroit, MI 48232 
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Then why Oylert. for MBD? 


(pemoline) 


Because Cylert offers a lot: 


e Once-a-day dosage at home 


e Elimination of mid-day school dose and need for school 


personnel supervision 


e Avoids ups and downs of drug action brought about by multiple 


daily dosage 


e Control of medication by the parent 


e A chewable dosage form 


ET 
" 


A 


e Less physician paper work (Cylert is in schedule IV) 


e Safety and efficacy proven in extensive clinical studies* 
*Copy of the Cylert Monograph available to Physicians on written request. 


Dosage and administration 


Cylert is administered as a single 
oral dose each morning. 


The recommended starting dose is 

37.5 mg/day. This daily dose should be 
gradually increased by 18.75 mg at one 
week intervals until the desired clinical 
response is obtained. The effective daily 
dose for most patients will range from 
56.25 to 75 mg. The maximum recom- 


mended daily dose of pemoline is 112.5 mg. 


Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth 
week of drug administration. Drug 
administration should be interrupted 
occasionally (once or twice a year) to 
determine if behavioral symptoms are 
sufficient to require continued therapy. 


When not to use medication 


Cylert should not be used for (and will not 
be effective in) simple cases of overactivity 
in school age children. 


Neither should it be used in the child who 
exhibits symptoms secondary to environ- 
mental factors and/or primary psychiatric 
disorders, including psychosis. 


The physician should rely on a complete 
history of the child and a thorough 
description of symptoms from both 
parents and teacher before postulating 

a diagnosis of MBD. 


=) 


Please see next page for Prescribing Information. 
7083202 R1 
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Cylert and Cylert Chewable Tablets 
pemoline) 
E 


Prescribing Information 

Indications: MINIMAL BRAIN DYSFUNCTION IN CHILDREN — as 
pet pe therapy to other remedial measures (psychological, educational, 
social). 

Special Diagnostic Considerations; The cause of minimal brain dysfunction 
(MBD) is unknown. Diagnosis of MBD involves the use of medical, 
psychological, educational, and social tools, since no single diagnostic test is 
adequate. 

MBD is characterized by chronic moderate to severe hyperactivity, short 
attention span, distractibility, emotional lability, and impulsivity. 
Nonlocalizing (soft) neurological signs. learning disability, and abnormal 
EEG may or may not be present. The diagnosis of MBD must be based upon 
a complete history and evaluation of the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all children with MBD. In the primary 
therapy of MBD, appropriate educational placement is essential and 
psychosocial intervention is generally necessary. When these measures alone 
are insufficient, the decision to prescribe stimulant medication will depend 
upon the physician's assessment of the chronicity and severity of the child's 
symptoms. Stimulants are not intended for use in the child who exhibits 
symptoms secondary to environmental factors and/or primary psychiatric 
disorders, including psychosis. 


Contraindications: Cylert (pemoline) is contraindicated in patients with 
known hypersensitivity or idiosyncrasy to the drug. (See ADVERSE 
REACTIONS.) 


Warnings: Cylert is not recommended for children less than 6 years of age 
since its safety and efficacy in this age group have not been established. 

Sufficient data on the safety and the efficacy of the long-term use of Cylert 
in children with minimal brain dysfunct on are not yet available. 

A temporary suppression of the predicted growth rate (weight and/or 
height gain) has been reported for children receiving long-term stimulant 
therapy. A definite causal relationship between stimulant drugs and this 
finding has not been established. 


Precautions: Liver function tests should be performed periodically during 
therapy with Cylert. The drug should be discontinued if abnormalities are 
revealed and confirmed by follow-up tests. (See ADVERSE REACTIONS 
regarding reports of abnormal liver function tests and jaundice.) 

Cylert should be administered with caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs has not been studied in humans. 
Patients who are receiving Cylert concurrently with other drugs, especially 
drugs with CNS activity, should be monitored carefully. 

Cylert failed to demonstrate a potentia! for self-administration in primates. 
However, the pharmacologic similarity of pemoline to other 
psychostimulants with known dependence liability suggests that 
psychological and/or physical dependence might also occur with Cylert. 
There have been isolated reports of transient psychotic symptoms occurring 
in adults following the long-term misuse of excessive oral doses of pemoline. 
Cylert should be given with caution to emotionaily unstable patients who 
may increase the dosage on their own initiative. 

Usage during Pregnancy and Lactation. The safety of Cylert (pemoline) for 
use during pregnancy and lactation has not been established. 

Fertility, reproduction, and teratology studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 mg./kg./day, had no effect on the 
fertility of male or female rats. The drug, when given to pregnant rats (from 
gestation day 15 through weaning) and to rabbits (from gestation days 6-18) 
at these same dosage levels, produced no teratogenic or embryotoxic effects, 
and had no effect on the viability of the young at birth. However, increased 
incidences of stillbirths and cannabilization were observed when pemoline 
was given to rats at these dosage levels, beginning 14 days prior to conception. 


Adverse Reactions: Insomnia is the mast frequently reported side effect of 
Cylert; it usually occurs early in therapy, prior to an optimum therapeutic 
response. In the majority of cases it is transient in nature or responds to a 
reduction in dosage. 

Anorexia with weight loss may occur during the first weeks of therapy. In 
the majority of cases it is transient in nature; weight gain usually resumes 
within three to six months. 

Stomach ache, skin rashes, increased irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum LDH have occurred in patients 
taking Cylert, usually after several months of therapy. These effects appear to 
be reversible upon withdrawal of the drug, and are thought to be 
manifestations of a delayed hypersensitivity reaction. There have also been a 
few reports of jaundice occurring in patients taking Cylert; a causal 
relationship between the drug and this clinical finding has not been 
established. 

There have been reports of dyskinetic movements of the lips, face, and 
extremities occurring with the use of Cylert. Convulsive seizures have also 
been reported. A definite causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early during the course of treatment with 
Cylert often remit with continuing therapy If adverse reactions are of a 
significant or protracted nature, dosage should be reduced or the drug 
discontinued. 


How Supplied: Cylert (pemoline) is supplied as monogrammed, grooved 
tablets in three dosage strengths: 

18.75 mg. tablets (yellow-colored) in bottles of 100 (NDC 0074-6025-13) 

37.5 mg. tablets (orange-colored) in bottles of 100 (NDC 0074-6057-13) 

75 mg. tablets (tan-colored) in bottles of 100 (NDC 0074-6073-13) 

Cylert Chewable is supplied as monogrammed, grooved tablets in one 
dosage strength: 

37.5 mg. tablets (orange-colored) cc) 
in bottles of 100 (NDC 0074-6088-13) 
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The Dent Neurologic Institute 
Presents a Workshop On: 

The Aneurysm Patient 
Preoperative and Postoperative Care 
June 10-11, 1978 
Sheraton Inn—Buffalo East 
Buffalo, New York 


Guest Faculty 

Maurice Albin, M.D. Pittsburgh, Pennsylvania 

J. M. Allcock, M.D. London, Ontario 

Eugene Flamm, M.D. New York, New York 

John A. Jane, M.D. Charlottesville, Virginia 
Sydney J. Peerless, M.D. London, Ontario 

Joseph Ransohoff, II, M.D. New York, New York 
Robert H. Wilkins, M.D. Durham, North Carolina 


The course will include a detailed analysis of Surrent 
therapy of the aneurysm patient from day of admission 
to longterm follow-up. 


Registration Fee: $165.00 (Residents: $85.00) 
Information 

Walter Grand, M.D. 

Dent Neurologic Institute of 

Millard Fillmore Hospital 

3 Gates Circle 

Buffalo, NY 14209 

(716) 886-2058 
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Pediatric 
Neurosurgery 


By Thomas H. Milhorat, M.D., 
Neurosurgeon-in-Chief, Children’s Hospital 
National Medical Center; Professor of 
Neurological Surgery, George Washington 
University Medical Center, Washington, D.C. 
This current and comprehensive text 
stresses the fundamental principles of pediatric 
neurosurgery in describing new diagnostic 
and surgical procedures in this rapidly evolv- 
ing field. Dr. Milhorat says, "So numerous 
have been the advances and so ex- 
traordinary has been the impact of 
CCT in the diagnosis and follow-up 
of children with neurosurgical prob- 
lems that certain aspects of the spe- 
cialty bear little resemblance to those 
at the beginning of this decade." 
Each disorder is discussed from 
the standpoint of etiology, patho- 
physiology, pathology, diagnosis, 
treatment, surgical procedures, and 
follow-up. Beautifully illustrated, 
PEDIATRIC NEUROSURGERY is a 
valuable text-reference for all spe- 
cialists involved in the care of infants 
and children. 408 pp/256 illustrations. 
CONTENTS INCLUDE: Neurologi- 
cal Diagnosis; Diagnosis of Increased Intracra- 
nial Pressure; Trauma; Hydrocephalus; Spinal 
and Cranial Dysraphism; Craniosynostosis; 
Benign Intracranial Cysts; Tumors of the 
Brain, Meninges, and Skull; Tumors of the 
— Spinal Cord and Peripheral Nerves; Vascular 
Disorders; Infections; Additional Topics of 
Neurosurgical Importance. 





Please send me these books from the Contemporary 
Neurology Series: 
[] BARLOW 

Mental Retardation and Related Disorders ....... $22.00 
C] MILHORAT 

Pediatric Neurosurgery ........... een n nn 8 $35.00 
[] WELLS 

OS Ce e A ae eee eh SE Es $22.00 
[] BERESFORD 

Legal Aspects of Neurologic Practice ............ $18.50 


F. A. DAVIS COMPANY PUBLISHERS 
1915 ARCH ST. 

[Fo) PHILADELPHIA, PA 19103 
In Canada: McGraw-Hill Ryerson, Ltd. 


Scarborough, Ontario M1P2Z5 





Bill me. Payment is due in 30 days. Invoice will include small charge for postage and handling. If book is unsatisfactory it may be returned in good condition within 30 days. 


Mental 
Retardation and 
Related Disorders 


By Charles F. Barlow, MD, 
Neurologist-in-Chief and Director, Mental 
Retardation and Human Development 
Research Program, Children’s Hospital 
Medical Center, Boston, Massachusetts. 

Stressing the relationship of age to 
clinical presentation, Dr. Barlow points out 
the need for simultaneous differential 
diagnosis of organic and behavioral 
symptoms. He contrasts normal and 
retarded behaviors at every age 
and level of development. To the 
standard etiologic listing of 
inborn errors of metabolism, he 
brings the practical tool of 
associated clinical features. 

He takes an incisive look at the 
poorly understood concept of 
minimal brain dysfunction and 
clarifies the position of 





"Wl Affirming the need for 
Aa institutionalization for the 
inevitable few, he also defends 
the contribution of normal 
environment and family 
relationships for the many who 
can benefit. 200 pp. 

TABLE OF CONTENTS: The Clinical 
Problem; Differential Diagnosis of the 
Symptom; Risk Factors Relating to the 


Newborn and Early Infancy; Risk Factors of 


Infancy and Childhood; Differential 
Diagnosis of Childhood Dementia; 
Management. 


C] HORNABROOK 
Topics on Tropical Neurology ..........---+++555 $35.00 


C] JOHNSON & SPAULDING 
Disorders of the Autonomic Nervous System ..... $22.00 


C] MARTIN, REICHLIN & BROWN 
Clinical Neuroendocrinology ........ eene $30.00 


[] PLUM & POSNER 
Diagnosis of Stupor and Coma ............ osse $12.50 


C] VICTOR, ET AL. 
The Wernicke-Korsakoff Syndrome .............. $10.00 


Name mM 


Address 5 M 


City, State, Zip Ey 
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A Postgraduate Seminar in 
Neuromuscular Diseases 
Friday — Saturday 
May 19-20, 1978 


[EE Gee ee EEE 


Presented by the Department of Neurology and the 
Office of Continuing Medical Education of Washington 
University School of Medicine, St. Louis, Missouri, and 
the Muscular Dystrophy Association 


This third annual seminar in neuromuscular diseases is 
designed to be of practica! value in the diagnosis and 
management of patients with neuromuscular diseases. 
Selected areas of new research will also be presented 
where such work may have clinical relevance in the 
future. In order to give the participants an active role 
in the seminar, workshop sessions will be held in which 
audience participation is encouraged. The course is 
designed for internists, pediatricians, neurologists, ortho- 
pedists and physiatrists. In addition, paramedical person- 
nel, such as physical therapists and occupational thera- 
pists who have had prior experience with neuromuscular 
diseases, may find the seminar of benefit. 


Topics to be covered include peripheral neuropathies, 
myasthenia, polymyositis, muscular dystrophies, recon- 
structive orthopedic surgery, neuromuscular disorders of 
childhood, and some of the more recently described 
metabolic myopathies. Research in ultrastructural changes 
and biochemical abnormalities in muscle disease will be 
reviewed. Workshop sessions will emphasize physical 
diagnosis, techniques of muscle biopsy, and the manage- 
ment and therapy of neuromuscular diseases. 


EGET po es St oue. 1 es ee 

GUEST FACULTY: 

DR. WALTER G. BRADLEY, Professor of Neurology, 
Tufts University 

DR. WILTON H. BUNCH, Chairman, Department of 
Orthopedics, Loyola University 

DR. ROBERT C. GRIGGS, Associate Professor of 
Neurology, of Medicine, of Pathology, and of 
Pediatrics, University of Rochester 

DR. RICHARD T. MOXLEY III, Assistant Professor of 
Neurology, University of Rochester 

DR. AUDREY PENN, Associate Professor of Neurology, 
Columbia University 

DR. DONALD SCHOTLAND, Professor of Neurology, 
University of Pennsylvania 

DR. PAUL VIGNOS, Associate Professor of Medicine, 
University Hospitals of Cleveland 


WASHINGTON UNIVERSITY FACULTY 

DR. DARRYL C. DeVIVO, Associate Professor of 
Pediatrics and of Neurology | 

DR. JAMES E. CARROLL, Assistant Professor of 
Neurology and of Pediatrics 

MISS JULAINE FLORENCE, Research Assistant. 
Department of Neurology 

PROGRAM CHAIRMAN: DR. MICHAEL H. BROOKE, 
Professor of Neurology 

Further infomation may be obtained from 


Office of Continuing Medical Education 
Washington University School of Medicine 
Box 8063, 660 South Euclid nn | 
St. Louis, Missouri 63110 À 

(314) 367-9673 
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THE DEPARTMENT OF 
REHABILITATION MEDICINE 
and 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 
Announce a Postgraduate Course 
NEUROMUSCULAR ELECTRODIAGNOSIS 
Under the Direction of 
BEATRICE KAPLAN, M.D., COURSE DIRECTOR 
JERRY WEISSMAN, M.D., COORDINATOR 
and Invited Lecturers 
May 10-12 1978, Wednesday and Thursday, 9:00 AM-4:00 
PM. Friday, 9:00 AM-3:00 PM (3 Sessions) 


The course is intended as an introduction to electrodiagnosis, for 
physicians. A brief description of neurophysiology as it applies to 
electrodiagnosis will be given. Demonstrations of chronaxie, 
electromyography, and motor and sensory nerve conduction 
techniques will be presented in normal subjects and in selected 
patients with various neuromuscular diseases. Course participants 
will have practical exercises in the testing procedures. Course 
limited to physicians. 
FEE: $150 
This course will be given at the Mount Sinai Medical Center, 
New York City, New York 
APPLY TO: Director, The Page and William Black Post- 
Graduate School of Medicine, Mount Sinai School of 
Medicine, One Gustave L. Levy Place, New York, New York 
10029. Tel.: (212) 650-6737. 






The Continuing Education office of 
Baylor College of Medicine announces 


PRACTICAL VISUAL ELECTRODIAGNOSIS 
a course 


April 8, 9, 1978 
Houston, Texas 


Faculty: Robert P. Borda, Ph.D. Alice R. McPherson, M.D. 
Robert W. Knighton, Ph.D. A. Linn Murphree, M.D. 
John A. McCrary, Ill, M.D. 

This course emphasizes practical clinical applications of 
the visual evoked response, the electroretinogram and the 
electro-oculogram. Participants are given the opportunity to 
practice recording and measuring techniques. Approved for 


14 Category 1 credit hours. 


Tuition: $250.00 
Sponsored by: 


Departments of Neurology and Ophthalmology 
Baylor College of Medicine 
Houston, Texas 


For further information contact: 


Robert P. Borda, Ph.D. 

Visual Electrodiagnostic Laboratory 
Neurophysiology Service 

The Methodist Hospital 

Texas Medical Center 

Houston, Texas 77030 

(713) 790-3105 


Enrollment limited. 





Instructions for Authors 


Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, lowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effective Jan 1, 1978, transmittal letters to the editor should 
contain the following language: "In consideration of the 
American Medical Association taking action in reviewing and 
editing my submission, the author(s) undersigned hereby trans- 
fers, assigns, or otherwise conveys all copyright ownership to 
the AMA in the event that such work is published by the AMA." 
We regret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessi- 
tate delay in review of the manuscript. 


Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 

Manuscript Preparation.-Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 em (8!» x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 

Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 

References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author(s), (2) title, (3) journal name (as abbreviated in 


Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, (6) 
publisher, and (7) year. Volume and edition numbers, 
specific pages, and name of translator should be included 
when appropriate. The author is responsible for the 
accuracy and completeness of the references and for their 
correct text citation. 

Metrication.— All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 125 x 18 em (5 x 7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author's 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 

Legends.— Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 

Acknowledgments.—Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher’s 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 

Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 cm 
(8!2 x ll-ineh) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 
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Synerview. Built for speed. Our new Synerview Computed Tomography Syste 
is fast. In fact, it’s the only Stationary Detector CT system presently availab l that car 
routinely perform high- quality scans at | second. This is possible because all the 


individual ingredients have been specifica 












designed to aid in fast, smooth operatior 
Synerview combines high scan an 
image-processing speeds with fast 
patient-data entry and scannin 
selection protocol. 
This facilitates maximum 
patient throughput. 
















As well as convenient filming and 
viewing, Synerview also offers large 
access disk storage so that disk-to- 
tape transfer won t interfere with 
your daily procedures. 

Built for quality. All components 
of the Synerview are quality built to 
assure years of dependable performance 
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with image quality beyond compare. Human engineering 














SNL was the idea incorporated into the total Synerview 
=e A design, as evidenced bv our mobile table. 
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Cantilevered when attached to the scanner, this 
unique table features a floating top that enables rapid 
patient positioning. An 
ultra-stable gantry with 
a tilt of + 20 degrees 
is also standard with 
Synerview. 

Built for you. We 
don't offer you only 
static configurations. 
There are modular 
options that can be 
added to the Synerview 
0 (256 image matrix display) and Synerview 600 (512 image matrix display) to best 
eet your individual operating and financial needs. These options include remote 
agnostic station, multiformat camera and additional patient-transport tables. 

And, our financial resources 
rough our parent C.LT. Financial 
orporation can help you acquire 
ur Synerview. This approach 
ovides the opportunity for the 
timum investment/value ratio 
computed tomography. It lets 

u have a quality, fast-scanning 

| system with the technological 
ssibilities only a Stationary 
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tector design can provide. 
And like all Picker equipment, 
merview is backed by our 
orldwide service organization that 
is a reputation for proven dependability. 
For more information contact your local 







Picker representative, or write Picker Corporation E 
or Picker International, 595 Miner Road, l 
d OH 44143 ONF OF THF CIT COMPANIFS 
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PROPER SELECTION OF HEADACHE PATIENTS FOR 
BIOFEEDBACK and APPLICATION OF BIOFEEDBACK TO 
HEADACHE PATIENTS 

both by Seymour Diamond, M.D., 

Director, Diamond Headache Clinic, Chicago 

Drawing upon procedures developed at the Diamond Clinic, 
these tapes give practical guidelines for applying biofeedback 
in headache treatment programs. 


Topics include indications and contra-indications determined 
by correct diagnosis; choice cf modality (EMG or Thermal); 
patient training techniques; role of therapist/technician; 
conditions for maximizing transference of biofeedback learned 
skills. Cat. No. T 10, Two Cassettes, $19.90 

CLUSTER HEADACHE: DIAGNOSIS AND TREATMENT 
by Lee Kudrow, M.D., 

Director, The California Medical Clinic for Headache, Encino, Calif. 
systematically describes symptomatology and distinguishing 
psycho-physiological characteristics of cluster headache suf- 
ferers. Evaluates current treatment techniques, concluding 
that many (eg. histamine desensitization, cryosurgery, and 
most simple analgesics and narcotics) are of doubtful value in 
most cases. Distinguishes between episodic and chronic suf- 


ferers, recommending specific prophylactic medications for the 


former and symptomatic strategies (based upon wide clinical 
and research experience) for both groups. 
Cat. No. T 72, One Cassette, $9.95 


THERMAL BIOFEEDBACK IN MIGRAINE HEADACHE 


TREATMENT: THE MENNINGER FOUNDATION STUDIES 


by Joseph D. Sargent, M.D., 
Chief of Internal Medicine and Dir., 
Project, The Menninger Foundation 
Carefully examines the nature of migraine disorders and 
shortcomings in traditional treatment methods. Presents 
theoretical background for thermal biofeedback training as an 
alternative therapeutic technique, and clinical protocols 
developed and refined over six years at the Menninger 
Foundation. Cat. No. T 39, One Cassette, $9.95 


EVALUATING PLACEBO AND OTHER EFFECTS IN 
BIOFEEDBACK HEADACHE TREATMENT 

by lan Wickramasekera, Ph.D., 

Dept. of Psychiatry, U of Illinois College of Medicine, Peoria 
Examines sources of reliability of three hypothetical placebo 


Headache Research Treatment 


Af -mnl t Cui Te 
Headache Management 














ADVANCES IN PHARMACOLOGICAL TREATMENT OF 
MIGRAINE AND PSYCHOGENIC HEADACHES 

by Jose L. Medina, M.D., and Seymour Diamond, M.D., 

Both of the Diamond Headache Clinic, Chicago 

After reviewing causal factors and general preventive strat- 
egies, discusses pharmacological impact from two perspectives: 
1) ways in which contraceptives, estrogens, reserpine, ergots, 
and nitrates may exacerbate the problem; and 2) effective 
management methods with special emphasis on the difficult 
patient. Cat. No. T 71, One Cassette, $9.95 

PATHOGENESIS AND TREATMENT OF HEADACHE 

by Otto Appenzeller, M.D., Ed. 

"When one has Arnold Friedman, John Graham, and Earl 
Walker, to mention a few of the many prominent names 
connected with headache, writing from their own viewpoints, 
on their own hobby horses, and with their own brands of 
humour, the result is a fascinating series of cameos that can 
be read in any order, at any time, and again and again. 
Migraine, its variants, and muscle-contraction headache, of 
course, take up much of the book, and here one is reaping the 
the fruits of lifetimes of experience, but experts deal in detail 
with other forms of headache—extending beyond the head, 
into facial pain, and including many aspects usually ignored 
in works of this type." 

Review by Edwin R. Bickerstaff, British Medical Journal, Oct. 8, 1977 
Cat. No. B 18, (Hardbound Book), $18.00 





PATHOGENESIS and 
TREATMENT of 
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mechanisms in relation to chronic clinical pain and headache s 4 o~“ 

pain in particular, and the role of patient, therapist and eq mV 

procedural conditions. Discusses other effects identified in mA, o" oe 

clinical headache studies including habituation, direct instruc- A Y EAA 

tional control, hypnotizability, relaxation exercises, spon- -N - 

tareous remission, and desynchrony in pain response systems. ^ PL ed 

Cat. No. T 73, One Cassette $9.95 T 
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| BMA Audio Cassette Programs, Dept. N i 

270 Madison Avenue, Suite 1704 
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— Fast Disintegration: Taken at the first symptom 


of migraine, Wigraine tablets disintegrate 7 to 70 times faster 
than other migraine preparations.* A patented microgranula- 
tion process “bursts” the tablets apart so that digestive juices 
have unhindered access to the active ingredients—providing 
quick-release medication 


e to halt throbbing head pain before it takes hold 
eto ease the nausea and "sickness" of migraine attacks 


eto relieve pain from sustained contraction of head and 
neck muscles 


eto allay the feelings of hopelessness in many migraine 
patients 


e to rebuild the patient's confidence in therapy 


Each Wigraine tablet and rectal suppository contains ergotamine tartrate, 1 0 mg; caffeine, 
100.0 mg; belladonna alkaloids (levorotatory), representing 87.5% hyoscyamine and 12.596 
atropine as sulfates, 0.1 mg and phenacetin, 130.0 mg 


PRECAUTIONS: Dosage of either tablets or suppositories singly or in combination should 
not exceed a total of 12 during any seven-day period. Although rare, ergotamine is capable 
of producing all the symptoms of ergotism. CONTRAINDICATIONS: Peripheral vascular or 
coronary disease, angina pectoris, hypertension, renal or hepatic dysfunction, pregnancy, 
septic states, incipient glaucoma. SUPPLIED: Tablets—individually foil-wrapped in boxes of 
20 or 100. Suppositories—individually foil-wrapped in boxes of 12. 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 














? Timefor 
Relief 






An early stage in the migraine episode—constricted cerebral 
arteries impair blood flow and evoke the warning aura. Taken 
now, Wigraine can often abort the attack before the onset of 
painful headache. 


Wigraine Timed | 


= 






| 
t 
E] 
Actual photos show total disintegration of Wigraine tablet in 
digestive juice in only 18 seconds (range 8"-32": average 18").* 


In the same test, other well-known migraine tablets take as long 
as 24 minutes and more. 


*Tested in USP disintegration apparatus. Data on file, Research Department, Organon Inc 


for optimum control in 
Parkinsons disease 


add 





Symmetrel 


amantadine HCI 





dd 
vmmetrel 


amantadine HCI 


e when you use both agents concomitantly 
as initial therapy, SYMMETREE usually 
goes to work within 48 hours, allowing 
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to Anticholinergics — 








By adding SYMMETREL’ to anti- you to reduce severity of symptoms 
cholinergics, you can provide: il titrate levodopa for optimal 
ea reduction in parkinsonian symptoms e when you add SYMMETREL’ to optimal 
over the use of an anticholinergic agent well-tolerated doses of levodopa or 
alone 8 | | | carbidopa/levodopa, you add incremental 
e a reduction in anticholinergic dosage patient benefits—reduction of severity 
when the patient is not tolerating anti- of tremor, rigidity, bradykinesia and 
cholinergic medication improvement in functioning. This helps 
If atropine-like side effects occur when to increase the ability of the parkinsonian 
you use SYMMETREE concomitantly patient to carry out normal daily functions 
with anticholinergics, dosage should be better, to help maintain the quality of life 
reduced for one of the two agents. at the best possible level 


e when side effects necessitate your 
reducing levodopa or carbidopa/levodopa 
dosage, you may regain lost benefits 
by the addition of SYMMETREE 





You can add SYMMETREE to levodopa In short, SYMMETREL is an effective 
_ or carbidopa/levodopa for increased "add-on" antiparkinson agent for optimal 
antiparkinson therapeutic benefits— control in Parkinson's disease. 


Administration of SYMMETREL Capsules 


a e E 
Anticholinergics | Levodopa | Carbidopa/Levodopa 
100 mg b.i.d. .. 100 mg q.d./b.i.d. 


NOTE: The initia! dose is 100 mg daily for patients 1) with serious 
associated medical illnesses or 2) whoare receiving high doses of other 
antiparkinson drugs 





SYMMETREL isa U.S. registered trademark of 
E.l. du Pont de Nemours & Co. (inc.): U.S. Pat. 3.310.469 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc. ) aU PONT kn | 
Garden City, New York 11530 Please see next page for complete prescribing information 
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DESCRIPTION SYMMETREL® is designated generically 
as amantadine hydrochloride and chemically 
as 1-adamantanamine hydrochloride. 


NH2 
neg jy 


Amantadine hydrochloride is a stable, white crystalline substance readily soluble in water. It is readily 
absorbed, is not metabolized, and is excreted unchanged in the urine. 


ACTIONS: The mechanism of action of SYMMETREL* in the treatment of Parkinson's disease and 
drug-induced extrapyramidal reactions is not known. It has been shown to cause an increase in 
dopamine release in the animal brain. The drug does not possess anticholinergic activity in animal 
tests at doses similar to those used clinically. 


The antiviral activity of SYMMETREL® against the influenza A virus in humans is not completely 
understood. The mode of action of SYMMETREL® appears to be the prevention of the release of 
infectious viral nucleic acid into the host cell. SYMMETREL* does not appear to interfere with the 
immunogenicity of inactivated influenza A virus vaccine 


INDICATIONS: Parkinson's Disease/Syndrome and Drug-Induced Extrapyramidal Reactions: 
SYMMETREL? is indicated in the treatment of idiopathic Parkinson's disease (Paralysis Agitans), 
postencephalitic parkinsonism, drug-induced extrapyramidal reactions, and symptomatic 
parkinsonism which may follow injury to the nervous system by carbon monoxide intoxication. It is 
indicated in those elderly patients believed to aevelop parkinsonism in association with cerebral 
arteriosclerosis. In the treatment of Parkinson's disease, SYMMETREL* is less effective than 
levodopa, (-)-3-(3,4-dihydroxyphenyl)-L-alanine, and its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established. Although anticholinergic type side 
effects have been noted with SYMMETREL® when used in patients with drug-induced extrapyramidal 
reactions, there is a lower incidence of these side effects than that observed with anticholinergic 
antiparkinson drugs. 


Influenza A Virus Respiratory Tract Iliness: SYMMETREL* (amantadine hydrochloride) is indicated in 
the prevention (prophylaxis) and symptomatic management of respiratory tract illness caused by 
influenza A virus strains. SYMMETREL* should be considered especially for high risk patients, close 
household or hospital ward contacts of index cases and patients with severe influenza A virus illness. 
In the prophylaxis of influenza due to A virus strains, early immunization as periodically recommended 
by the Public Health Service Advisory Committee on Immunization Practices is the method of choice. 
When early immunization is not feasible, or when the vaccine is contraindicated or not available, 
SYMMETREL® can be used for chemoprophylaxis against influenza A virus illness. Because 
SYMMETREL® does not appear to suppress antibody response, it can be used chemoprophylactically 
in conjunction with inactivated influenza A virus vaccine until protective antibody responses develop. 
There is no clinical evidence that this drug has efficacy in the prophylaxis or symptomatic 
management of viral respiratory tract illnesses other than those caused by influenza A virus strains. 
CONTRAINDICATIONS: SYMMETREL* is contraindicated in patients with known hypersensitivity to 
the drug. 

WARNINGS: Patients with a history of epilepsy or other "seizures" should be observed closely for 
possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be followed closely as 
there are patients who developed congestive heart failure while receiving SYMMETREL®. 


Patients with Parkinson's disease improving on SYMMETREL® should resume normal activities 
gradually and cautiously, consistent with other medical considerations, such as the presence of 
osteoporosis or phlebothrombosis. 


Patients receiving SYMMETREL* who note central nervous System effects or blurring of vision should 
be cautioned against driving or working in situations where alertness is important. 


USE IN PREGNANCY: SYMMETREL® has not been studied in pregnant women. The use of this drug in 
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women of childbearing age should be undertaken only after weighing the possible risks to the fetus 
against benefit to the patient. SYMMETREL® has been reported to be embryotoxic and teratogenic in 
rats at 50 mg/kg/day, about 12 times the recommended human dose, but not at 37 mg/kg/day. 
Embryotoxic and teratogenic effects were not seen in rabbits which received up to 25 times the usual 
recommended adult human dose. 


NURSING MOTHERS: Since the drug is secreted in the milk, SYMMETREL* should not be 
administered to nursing mothers. 


PRECAUTIONS: SYMMETREL* (amantadine hydrochloride) should not be discontinued abruptly since 
a few patients with Parkinson's disease experienced a parkinsonian crisis, i.e., a sudden marked 
clinical deterioration, when this medication was suddenly stopped. The dose of anticholinergic drugs 
or of SYMMETREL* should be reduced if atropine-like effects appear when these drugs are used 
concurrently. 


The dose of SYMMETREL* may need careful adjustment in patients with renal impairment, congestive 
heart failure, peripheral edema, or orthostatic hypotension. Since SYMMETREL* is not metabolized 
and is mainly excreted in the urine, it may accumulate when renal function is inadequate. 


Care should be exercised when administering SYMMETREL® to patients with liver disease, a history of 
recurrent eczematoid rash, or to patients with psychosis or severe psychoneurosis not controlled by 
chemotherapeutic agents. Careful observation is required when SYMMETREL* is administered 
concurrently with central nervous system stimulants. 


ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: depression, 
congestive heart failure, orthostatic hypotensive episodes, psychosis, and urinary retention. Rarely 
convulsions, leukopenia, and neutropenia have been reported. 


Other adverse reactions of a less serious nature which have been observed are the following: 
hallucinations, confusion, anxiety, and irritability; anorexia, nausea and constipation; ataxia and 
dizziness (lightheadedness); livedo reticularis and peripheral edema. Adverse reactions observed less 
frequently are the following: vomiting; dry mouth; headache; dyspnea; fatigue, insomnia, and a sense 
of weakness. Infrequently, skin rash, slurred Speech, and visual disturbances have been observed. 
Rarely eczematoid dermatitis and oculogyric episodes have been reported. 


OVERDOSAGE: There is no specific antidote. For acute overdosing, general supportive measures 
should be employed along with immediate gastric lavage or induction of emesis. Fluids should be 
forced, and if necessary, given intravenously. The pH of the urine has been reported to influence the 
excretion rate of SYMMETREL® Since the excretion rate of SYMMETREL® increases rapidly when the 
urine is acidic, the administration of urine acidifying fluids may increase the elimination of the drug 
from the body. The blood pressure, pulse, respiration and temperature should be monitored. The 
patient should be observed for hyperactivity and convulsions; if required, sedation, and 
anticonvulsant therapy should be administered. The patient should be observed for the possible 
development of arrhythmias and hypotension: if required, appropriate antiarrhythmic and 
antihypotensive therapy should be given. The blood electrolytes, urine pH and urinary output should 
be monitored. If there is no record of recent voiding, catheterization should be done. The possibility of 
multiple drug ingestion by the patient should be considered. 


DOSAGE AND ADMINISTRATION: Dosage for Parkinsonism: The usual dose of SYMMETREL* 
(amantadine hydrochloride) is 100 mg twice a day when used alone. SYMMETREL* has an onset of 
action usually within 48 hours. 


The initial dose of SYMMETREL* is 100 mg daily for patients with serious associated medical illnesses 
or who are receiving high doses of other antiparkinson drugs. After one to several weeks at 100 mg 
once daily, the dose may be increased to 100 mg twice daily, if necessary. 


Occasionally, patients whose responses are not optimal with SYMMETREL* at 200 mg daily may 
benefit from an increase up to 400 mg daily in divided doses. However, such patients should be 
supervised closely by their physicians. 


Patients initially deriving benefit from SYMMETREL® not uncommonly experience a fall-off of 
effectiveness after a few months. Benefit may be regained by increasing the dose to 300 mg daily. 
Alternatively, temporary discontinuation of SYMMETREL* for several weeks, followed by reinitiation 
of the drug, may result in regaining benefit in some patients. A decision to use other antiparkinson 
drugs may be necessary. 


Concomitant Therapy: Some patients who do not respond to anticholinergic antiparkinson drugs may 
respond to SYMMETREL*. When SYMMETREL* or anticholinergic antiparkinson drugs are each used 
with marginal benefit, concomitant use may produce additional benefit. 


When SYMMETREL® and levodopa are initiated concurrently, the patient can exhibit rapid therapeutic 
benefits. SYMMETREL* should be held constant at 100 mg daily or twice daily while the daily dose of 
levodopa is gradually increased to optimal benefit. 


When SYMMETREL?* is added to optimal well-tolerated doses of levodopa, additional benefit may 
result, including smoothing out the fluctuations in improvement which sometimes occur in patients 
on levodopa alone. Patients who require a reduction in their usual dose of levodopa because of 
development of side effects may possibly regain lost benefit with the addition of SYMMETREL* 


Dosage for Drug-induced Extrapyramidal Reactions: The usual dose of SYMMETREL® (amantadine 
hydrochloride) is 100 mg twice a day. Occasionally, patients whose responses are not optimal with 
SYMMETREL® at 200 mg daily may benefit from an increase up to 300 mg daily in divided doses. 


Dosage for Prophylaxis and Symptomatic Management of Influenza A Virus Respiratory Tract 
Illness: Adult: The adult daily dosage of SYMMETREL® (amantadine hydrochloride) is 200 mg: two 
100 mg capsules (or four teaspoonfuls of syrup) as a single daily dose, or the daily dosage may be 
Split into one capsule of 100 mg (or two teaspoonfuls of Syrup) twice a day. If central nervous system 
effects develop on once-a-day dosage, a split dosage schedule may reduce such complaints. 


Children: 1 yr.-9 yrs. of age: The total daily dose should be calculated on the basis of 2 mg to 4 mg 
per pound of body weight per day (but not to exceed 150 mg per day). The daily dose, given as the 
Syrup, should be given in two or three equal portions. 


9 yrs.-12 yrs. of age: The total daily dose is 200 mg given as one capsule of 100 mg (or two 
teaspoonfuls of syrup) twice a day. 


Prophylactic dosing should be started in anticipation of contact or as soon as possible after contact 
with individuals with influenza A virus respiratory illness. SYMMETREL* should be continued daily for 
at least 10 days following a known exposure. If SYMMETREL® is used chemoprophylactically in 
conjunction with inactivated influenza A virus vaccine until protective antibody responses develop, 
then it should be administered for 2 to 3 weeks after the vaccine has been given. When inactivated 
influenza A virus vaccine is unavailable or contraindicated, SYMMETREL* should be administered for 
up to 90 days in case of possible repeated and unknown exposures. Symptomatic management of 
influenza A virus illness should be started as soon as possible after onset of symptoms and should be 
continued for 24 to 48 hours after the disappearance of symptoms. 


HOW SUPPLIED: SYMMETREL* (amantadine hydrochloride) 


CAPSULES: (bottles of 100)-each red, soft gelatin capsule contains 100 mg amantadine 
hydrochloride. 


SYRUP: (1 pint)-each 5 ml (1 teaspoonful) of syrup contains 50 mg amantadine hydrochloride. 


Capsules manufactured by R.P. Scherer Corporation, Detroit, Michigan 48213 for 


€ndo Laboratories, Inc. 


Subsidiary of E.!. du Pont de Nemours & Co. (Inc.) TT 
Garden City, N.Y. 11530 


Expand Your Horizons 
And Those of Your 
Nursing Home Patients 





This compilation of articles and memoranda is geared to 
further your understanding of your role in regard to: your 
nursing home patients; their families; and the nursing home 
staff. Published by the American Medical Association, The 
Medical Director in the Long-Term Care Facility is the 
only book of its kind. 


The Table of Contents includes: 


e Doctor s Role in the Nursing Home 

e Medical Direction in Long-Term Care Facilities 

e Role Relationships of the Medical Director 

e The Role of the Physician in Long-Term Care 
Facilities—The Administrator s Viewpoint 

e Federal Regulations and Proposed Duties for the 
Medical Director in the Skilled Nursing Facility 

e The Nursing Home's Medical Director— 
A New Breed of Mentor 


The Medical Director in the Long-Term Care Facility 
should help you to meet the nursing home problems which 
you encounter. Use the coupon to order this valuable 
compendium today. 


Order Dept./OP-22 S/J 
American Medical Association 
535 N. Dearborn/Chicago, IL 60610 


Please send 





copy(ies) of THE MEDICAL DIREC- 
TOR IN THE LONG-TERM CARE FACILITY, OP-22, at 
$3.50 each. Enclosed is $ — — — , payable to the 
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Cell, Tissue, and Organ 
Cultures in Neurobiology 


Edited by S. FEDOROFF and L. HERTZ 


Proceedings of the international workshop, Cell, Tissue, and 
Organ Cultures in Neurobiology, held at the University of 
Saskatchewan, Saskatoon, Canada, March 20-22, 1977. 


From the Preface: 

In recent years the use of tissue culture in studies 
of the nervous system has widely increased. The 
uses of cell, tissue, and organ cultures in neurobio- 
logical research to the present time—which con- 
stitute a real and active subdiscipline in itself—are 
reviewed in this fundamental reference book. We 
thus bring together an interdisciplinary perspective 
from biochemistry, pharmacology, endocrinology, 
embryology, and genetics. Several chapters deal 
with the specific aspects of the nervous system 
in vivo. In order that cultured neural cells and tis- 
sues can be assessed as models of their known 
in vivo counterparts, the relevance of various tissue 
culture preparations for neurobiological investiga- 
tions are evaluated. 


SECTION HEADINGS: Characteristics of Differen- 
tiated Cells. Differentiation of Cells in Primary Cul- 
tures. Cell Lines and Cell Strains. Phenotypic Cell 
Expression. Cell Interactions. Nutrition. Use of Cell 
Tissue and Organ Cultures in Neurobiology. 

1978, 720 pp., $29.00/£20.60 ISBN: 0-12-250450-X 


International Review of 


Neurobiology VOLUME 20 
Edited by JOHN R. SMYTHIES and RONALD J. BRADLEY 


CONTENTS: G. B. Ansell and S. Spanner, Func- 
tional Metabolism of Brain Phospholipids. M. S. 
Briley and J.-P. Changeux, Isoaltion and Purification 
of the Nicotine Acetylcholine Receptor and Its Func- 
tional Reconstitution into a Membrane Environment. 
J. T. Coyle, Biochemical Aspects of Neurotrans- 
mission in the Developing Brain. J. W. Daly, The 
Formation, Degradation, and Function of Cyclic 
Nucleotides in the Nervous System. L. J. DeFelice, 
Fluctuation Analysis in Neurobiology. W. H. Gispen 
et al., Lipotropin and the Central Nervous System. 
P. Laduron, Tissue Fractionation in Neurobiochem- 
istry: An Analytical Tool or a Source of Artifacts. 
J. Rossier, Choline Acetyltransferase: A Review 
with Special Reference to Its Cellular and Subcellu- 
lar Localization. 

1977, 368 pp., $35.00/£24.85 ISBN: 0-12-366820-4 


Chemical Pharmacology of 
the Synapse 


By D. J. TRIGGLE and C. R. TRIGGLE 


CONTENTS: Structure and Function of the Synapse. 
Quantitative Aspects of Ligand-Receptor Interac- 
tions. Structure-Activity Relationships: Chemical 
Constitution and Biological Activity. The Molecular 
Basis of Neurotransmitter-Receptor Interactions. 
Characterization, Quantitation and Isolation of Neu- 
rotransmitter Receptors. 

1977, 654 pp., $43.75/£20.00 ISBN: 0-12-700340-1 
Send payment with order and save postage plus 50€ 
handling charge. 

Prices are subject to change without notice. 


ACADEMIC PRESS, INC. 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 








The vulnerable 


ages The first epileptic seizure 


is most likely to occur 
during early childhood and 
at the onset of puberty 


About 9 out of 10 epileptics experience their first seizure before the 
age of 20—with the highest incidence between 5 and 7, when chil- 
dren start school, and at the onset of puberty, a time of physiological 
and psychic turmoil.! The most common type, grand mal, occurs 
in approximately 75% of epileptic children,! and more than 50% 
of patients who suffer initially from petit mal develop grand mal 
seizures before they reach the age of 16.7 





Mysoline (primidone) for 
control of erand mal,psycho- 
motor and focal epilepsy 


At the onset and afterwards — used alone or as concomitant 
therapy, MYSOLINE may reduce the frequency and severity of 
major motor seizures—or even eliminate them. Excellent for com- 
trol of grand mal. Valuable for control of psychomotor!4 and 
focal epilepsy as well.’ 


Add Mysoline when control with other anticonvul- 
sants is inadequate —As concomitant therapy, MYSOLINE can 

improve seizure control in grand mal and psychomotor epilepsy. 
The combined use of phenobarbital, diphenylhydantoin, and 

MYSOLINE may have additive anticonvulsant effects without addi- 
tive side effects.° 


Change to Mysoline when other anticonvulsants fail— 
A changeover to MYSOLINE is frequently warranted when other 
anticonvulsants must be discontinued because of important side 
effects, or when grand mal seizures are refractory to phenobarbital, 


with or without diphenylhydantoin.’ 
Ayerst. 


soline 


Tablets 250 mg. 


(primidone) ones 


May be the start of a 
better life for the epilepti 
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Mysoline (primidone) 


may be the start of a better life for the epileptic 


initial and maintenance therapy for 


grand mal, psychomotor and focal epilepsy 


BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 


Ayerst. 


AYERST LABORATORIES 
New York, N.Y. 10017 


MYSOLINE , Brand of PRIMIDONE 


Anticonvulsant 


ACTIONS: MYSOLINE acts on the central nervous system 
to raise seizure threshold or alter seizure pattern. The mecha- 
nism(s) of action of anticonvulsant drugs is not known. 


Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA); the other is 
phenobarbital. In addition to its own anticonvulsant potential, 
PEMA potentiates phenobarbital. 


INDICATIONS: MYSOLINE, either alone or used con- 
comitantly with other anticonvulsants, is indicated in the con- 
trol of grand mal, psychomotor, and focal epileptic seizures. It 
may control grand mal seizures refractory to other anticonvul- 
sant therapy. 


CONTRAINDICATIONS: Primidone is contraindicated 
in: 1) patients with porphyria and 2) patients who are hyper- 
sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 


medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes several days 
before it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the use of anticonvulsant drugs by women with 
epilepsy and an elevated incidence of birth defects in children 
born to these women. Reference has been made to primidone in 
several cases in which it was used in combination with other 
anticonvulsants; but itsteratogenicity has not been concl usively 
demonstrated. The possibility exists that other factors, e.g., 
genetic factors or the epileptic condition, may contribute to the 
higher incidence of birth defects. The data also indicate that the 
great majority of mothers receiving anticonvulsant medication 
deliver normal infants. 


Anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and risk to both mother and the unborn 
child. 


When the nature, frequency, and severity of the seizures do not 
pose a clear threat to the patient, good medical practice requires 
that the physician weigh the expected therapeutic benefit of 
anticonvulsant therapy against possible risk on an individual 
basis. 


Neonatal hemorrhage, with a coagulation defect resembling 
vitamin K deficiency, has been described in newborns whose 
mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K, therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS: The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
uple analysis-12 (SMA-12) test should be made every six 
months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in sub- 
stantial quantities. Since tests for the presence of primidone in 
biological fluids are too complex to be carried out in the average 
clinical laboratory, it is suggested that the presence of undue 
somnolence and drowsiness in nursing newborns of 
MYSOLINE-treated mothers be taken as an indication that 
nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 
ring early side effects are ataxia and vertigo. These tend to dis- 
appear with continued therapy, or with reduction of initial 
dosage. Occasionally, the following have been reported: nausea, 
anorexia, vomiting, fatigue, hyperirritability, emotional dis- 
tusbances, sexual impotency, diplopia, nystagmus, drowsiness, 
and morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the drug. 
Megaloblastic anemia may occur as a rare idiosyncrasy to 
M'YSOLINEand toother anticonvulsants. The anemia responds 


to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg. 
Increments of 250 mg. are added, usually at weekly intervals, 
to tolerance, or therapeutic effectiveness, up to daily doses not 
exceeding 2.0 Gm. A typical dosage schedule for the introduc- 
tion of MYSOLINE ( primidone) is as follows: 


Adults and Children Over 8 Yeurs of Age 


1st Week 
250 mg. daily at bedtime 


2nd Week 
250 mg. b.i.d. 


3rd Week 
250 mg. t.i.d. 


4th Week 
250 mg. q.i.d. 





In children under 8 years of age. maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage. 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage of the 
other drug(s) is maintained or gradually decreased. This regi- 
men should be continued until satisfactory dosage level is 
achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 
* for initiation of combination therapy 
* during "transfer" therapy 
* for added protection in periods of stress or stressful situa- 
tions that are likely to precipitate seizures ( menstruation. 
allergic episodes, holidays, etc.) 


HOW SUPPLIED: MYSOLINE Tablets — No. 430 —Each 
tablet contains 250 mg. of primidone (scored), in bottles of 
100 and 1,000. Alsoin unit dose packageof 100. No. 431 — Each 
tablet contains 50 mg. of primidone ( scored), in bottles of 100 
and 500. MYSOLINE Suspension —No. 3850 —Each 5 cc. ( tea- 
spoonful) contains 250 mg. of primidone, in bottles of 8 fluid- 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 
of Epilepsy in Infancy, Childhood and Adolescence. Springfield, 
IlI., Charles C Thomas, 1972, pp. 6, 7, 584. 2. Grossman. H.].: 
Ill. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn. 
H.F.: Current Therapy 1973, Philadelphia, Saunders, 1973, 
pp. 675-7. 4. Metrick, S.: C. M.D. 37:49( Jan.) 1970. 5. Forster. 
F.M.: Med. Clin. North Am. 47:1579 (Nov.) 1970. 6. White. 
P.T.: Wis. Med. J. 68:178 (Apr.) 1969. 7. Millichap, J.G.: 
Drug Ther. 1:15 (Oct.) 1971. 
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Imbalance 


a central problem . 
in the management of Parkinson’s disease 





Posed by professional models. 


by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
parkinsonian patient back into balance 
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Sey See last page of advertisement for brief summary of prescribing information. 


a combination of 


Sineme carbidopa and levodopa 


can mean a world of difference 
for some parkinsonian patients... 








Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 





and that difference 
often depends on proper dosage 








Start with SINEMET-25/250 mni ie inre carbidopa*and 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa-the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
"been taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson's disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. ^ time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
it is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of involuntary movements may require dosage 
-reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


*anhydrous equivalent 


SHARES See following page for brief summary of prescribing information. 
HM 


Carbidopa: a key ingredient in SINEMET 


When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize thera y. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET Kobi not be 

iven concomitantly. MAO inhibitors must be discontinued at 
east 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated n patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with levodopa, to 
patients with history of mavecardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 





function should be monitored with particular care during perio 
of initial dosage adjustment, in a facility with provisions fc 
intensive cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhag 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects c 
SINEMET on human pregnancy and lactation are unknown. bot 
levodopa and combinations of carbidopa and levodopa hav 
caused visceral and skeletal malformations in rabbits. Use o 
SINEMET in women of childbearing potential requires that antici 
pated benefits of the drug be weighed against possible hazards t« 
mother and child. SINEMET should not be given to nursinj 
mothers. | 

Usage in Children: Safety of SINEMET in patients under 18 ha: 
not been established. 

Precautions: As with levodopa, periodic evaluations oí hepatic 
hematopoietic, cardiovascular, and renal function are re om: 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treate 
cautiously with SINEMET provided intraocular pressure is wel 
controlled and patient is monitored carefully for changes ir 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason 
SINEMET should be given cautiously to patients on antihyperten: 
sive drugs. When SINEMET is started, « osage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyline, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant adinielstiotun with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson's disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
observed for loss of antiparkinsonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendenc les, 
and dementia. Convulsions also have occurred: however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sw eating, 
bizarre oolong: patterns, urinary retention, urinary inconti- 
nence, diplopia, blurred vision, dilated pupils, hot flashes, w eight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense of 
stimulation, hiccups, edema, loss of hair, hoarseness. priapism, and- 
activation of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. Jes102 R1 (DC 6834803) 
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Prognostic Factors in the Survival of 1,484 
Stroke Cases Observed for 30 to 48 Months 


I. Diagnostic Types and Descriptive Variables 


Hassan A. H. Abu-Zeid, MD, DPH, MPH, DrPH; Nung Won Choi, MD, MPH, PhD; Ping-Hwa Hsu, PhD; Kuldip K. Maini, MSc 


e Survival and factors affecting survival 
were studied in 1,484 new cases of acute 
definite stroke occurring between Jan 1, 
1970, and June 30, 1971, in Manitoba. The 
962 infarctions, 279 hemorrhages, and 
243 unidentified strokes were ascertained 
from hospital claim reports. Personal, 
clinical, and laboratory data were col- 
lected from hospital medical records, 
death certificates, and autopsy reports. 
Cases were followed up until Dec 31, 
1973, to determine survival. Survival was 
significantly better in infarction than in 
hemorrhage, in subarachnoid hemor- 
rhage than in intracerebral hemorrhage, 
in men than in women, in the young than 
in the old, in the married than in the 
single, in hemorrhage cases from rural 
areas than from urban areas, and in those 
discharged home than in those trans- 
ferred to long-term care hospitals. These 
data may help in predicting the outcome 


of stroke and in planning for more effi- 


cient care. 
(Arch Neurol 35:121-125, 1978) 


Ip vital statisties show that 
approximately 16,580 Canadians 
die of stroke annually’ and 23,600 
patients with stroke are admitted to 
hospitals in Canada each year.’ 
Stroke, the third leading cause of 
death, is a major cause of disability in 
old age. 

Efforts have been made to under- 
stand the epidemiology and natural 
history of this disease so that success- 
ful preventive measures can be sug- 
gested. Descriptive and analytic stud- 
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ies have been reported and certain 
hypotheses about risk factors in the 
disease have been formulated and 
tested.*-> The need for better manage- 
ment of stroke patients for prolong- 
ing life and reducing disability is 
evident. 

Our purpose is to describe the 
survival experience of a large group of 
new stroke cases occurring in a 
community of 700,000 residents in the 
Province of Manitoba during a speci- 
fied period, and to delineate the 
different descriptive variables that 
are associated with patient survival. 
The study of other factors affecting 
survival, such as clinieal factors and 
laboratory findings will be presented 
later. \By. delineating all of these 
factors it may be possible to achieve 
prolongation of life and prevention of 
disability in patients with stroke 
through better care. 


MATERIALS AND METHODS 


A total of 1,484 new cases of acute 
definite stroke occurring between Jan 1, 
1970, and June 30, 1971, in major defined 
areas of the Province of Manitoba (five 
census divisions and seven large cities) 
have been ascertained from the Manitoba 
Health Services Commission (MHSC) claim 
reports and from the hospital medical 
records. The criteria for diagnosis and clas- 
sification of specific types of stroke have 
been reported previously? In brief, the 
hospital claim reports for all possible cases 
of stroke (International Classifieation of 
Diseases Rubries 430-438, eighth revision) 
occurring during the study period were 
obtained from the MHSC for review and 
for ascertaining the cases. Detailed person- 
al, clinical, and laboratory data were 
collected from hospital medical records, 
autopsy reports, and death certificates. 
Based on these, each case was then 


assigned a specific diagnosis following 
rigid criteria. To be included, a ease had to 
be new (not recurrent), definite acute 
stroke, occurring during the study period, 
and affecting a resident of Manitoba. 

The survival status of the cases as of Dec 
31, 1973, was determined by checking the 
vital statistics records and the updated 
rosters of the registrants in the MHSC. 
Checking these rosters was helpful, since 
almost all Manitoba residents are regis- 
tered with this governmental agency, 
which provides hospital and medical care at 
no cost to the patient. When applicable, the 
death certificate and/or the autopsy report 
were also secured and reviewed. Since the 
cases that occurred between Jan 1, 1970, 
and June 30, 1971, were included, and the 
closing date was Dec 31, 1973, the follow-up 
period ranges from 30 to 48 months. 

The survival experience has been com- 
puted by the life table method with 
maximum utilization of all the available 
survival information.’ For example, for 
those lost to follow-up (53 cases), the 
survival experience until the date of 
discharge from the hospital has been used, 
and for those who were known to have died 
but with unknown date of death (14 cases), 
the assumption was made that they died 
midway between the date of discharge 
from the hospital and the closing date. 

When the survival of two groups was 
compared and an adjustment for age was 
required, a method developed by Hankey 
and Myers’ was applied to adjust for age, 
to compute the relative odds of mortality 
between the two groups, and to compute 
the x? value for testing of the difference 
between the adjusted rates. When adjust- 
ment was not necessary, a method to 
compute the relative odds of mortality and 
the x?, developed by Mantel,* was applied. 
The survival curves were plotted on a semi- 
logarithmic scale. The probability of survi- 
val was determined from the time of 
admission to the hospital and at various 
periods: one day, three days, seven days, 
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Fig 1.—Survival in stroke cases by clinical 
type. SAH indicates subarachnoid hemor- 
rhage; ICH, intracerebral hemorrhage. 
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Fig 2.—Thirty-day survival in stroke cases 
by clinical type. SAH indicates subarach- 


noid hemorrhage; ICH, intracerebral 
hemorrhage. 


two weeks, three weeks, four weeks, two 
months, four months, six months, one year, 
two years, three years and three to four 
years. Because of space limitation, most of 
the survival curves presented here are 
based on annual intervals; however, com- 
ments on short-term survival will be 
made. 


RESULTS 


Of the 1,484 stroke cases studied, 
826 (55.7%) died before the closing 
date (Dec 31, 1973), 605 (40.8%) lived to 
the closing date, and 53 (3.5%) moved 
out of the province and/or were lost to 
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Fig 3.—Age adjusted survival in infarction (INF) by sex, compared with general survival of 


Manitoba population. 
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Fig 4.—Age adjusted survival in hemorrhage (HGE) by sex, compared with general 


survival of Manitoba population. 


follow-up. By diagnostic category, 962 
cases (64.8%) were infarction (INF), 
including those due to thrombosis, 
embolism, or undetermined cause; 279 
(18.8%) were hemorrhage (HGE), in- 
cluding intracerebral hemorrhage 
(ICH), subarachnoid hemorrhage 
(SAH), and undetermined type of 
hemorrhage; and 243 (16.4%) were 
cases of clinically unidentified type of 
stroke since not enough information 
was available for their classification. 

Diagnostic Types.—The survival was 
relatively best for INF due to throm- 
bosis and embolism, followed by the 
unidentified stroke, SAH, then the 


ICH, which showed the worst prog- 
nosis (Fig 1). The survival curve for 
embolism was slightly lower than that 
for thrombosis, but this difference 
was not statistically significant (Ta- 
ble). The survival of INF patients was 
significantly better than those with 
HGE (P < .0005), and the survival for 
SAH cases was significantly better 
than those of ICH (P < .0005), partic- 
ularly in women. 

It should be noted that the main 
difference in mortality between the 
various clinical types of stroke oc- 
curred during the very early period 
after the attack. On plotting the 
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Fig 5.—Age adjusted survival in stroke 
cases by sex. 


survival for the first 30 days (Fig 2), it 
was found that the mortality from 
ICH and from SAH usually occurred 
during the first three weeks when the 
survival curves of these two types 
dropped sharply, whereas the curves 
for thrombosis and embolism dropped 
gradually. During the first three 
weeks, 66% of the ICH patients and 
52% of the SAH patients died, where- 
as 20% of the patients with embolism 
and 15% of thrombosis patients suc- 
cumbed to the disease in the same 
period. After the first year, there was 
very little change in mortality from 
SAH and ICH, whereas the mortality 
from thrombosis and embolism con- 
tinued at a steadily low rate. 

To determine the difference in 
mortality between these stroke 
groups and the expected general 
population mortality, the life table of 
the Manitoba population in 1970 was 
used to compute the expected survival 
among the stroke groups had they had 
the same age and sex distribution and 
the mortality of the general popula- 
tion. These differences in survival are 
shown in Fig 3 and 4 for INF and for 
HGE, respectively. The survival 
curves for INF in both men and 
women are lower than those for the 
Manitoba population of the same age 
group (Fig. 3). These curves for INF 
diverge steadily, particularly in 
women, from the expected survival. 
Over a period of three to four years, 
50% of male INF patients and 57% of 
female INF patients died as compared 
with an expected mortality of only 26% 
and 19%, respectively. Thus, women 
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Fig 6.—Survival in stroke cases by age and sex. 


appear to die of INF more frequently 
than men and, in general, the highest 
mortality occurred early in the first 
year. For the HGE group (Fig 4), the 
disparity between actual and the 
expected survival is much larger than 
that of the INF group. It seems also 
that if the patient survived the first 
year, he had little chance of dying 
from the original condition within 
four years, as indicated by the 
leveling off of the curves after the 
first year. Over a three- to four-year 
period, 80% of men and 75% of women 
and HGE died as compared with an 
expected mortality of 18% and 9% in 
the general population of the same 
age. The unidentified strokes followed 
a pattern of survival very similar to 
that of INF. 

Sex and Age.—As shown in Fig 5, 
men generally survived stroke better 
than women (P < .05). Also, younger 
male and female patients survived 
better than both older patients (Fig 
6). The difference between those aged 
45 and under and the 65 and above age 
group was significant in women 
(P < .0005) but not in men. The 
difference between the 45- to 64-year 
age group and the 65 and above age 
group was significant in both men and 
women (P < .0005). The gradient of 
risk of dying by age was consistent 
except for men younger than 45 in 
whom the mortality was higher, 
though not significantly, than that of 
the 45- to 64-year age group. When the 
survival by age was plotted for INF 
and for HGE separately, it was found 
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Fig 7.—Survival in stroke cases by clinical 
type and residence. INF indicates infarc- 
tion; HGE, hemorrhage. 


that, in general, the mortality in- 
creased with age in both diagnostic 
groups. However, the exceptionally 
low survival curve for the 45 and 
below age group was found to be due 
mainly to the higher mortality of 
HGE cases during the first week and 
of INF cases after the first year in 
young men than in the middle aged. 
In fact, during the first 30 days after 
stroke, the highest mortality was 
experienced by men below the age of 
45 years followed by those over 65 
years and then by those 45 to 64 years 
of age The Table summarizes the 
relative odds of mortality between 
two groups of stroke according to 
diagnostic type, age, sex, and occupa- 
tion. Also it shows the x? value and the 
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*RO indicates relative odds of mortality; SAH, subarachnoid hemorrhage; ICH, intracerebral hemorrhage; INF, infarction; HGE, hemorrhage. 


TNS indicates not significant at a = 0.05. 


level of statistical significance of 
these odds ratios. 

Marital Status—After adjusting for 
age, it was found that the married 
survived stroke better than the single. 
The difference by marital status was 
significant in men (P < .05). Women 
showed the same pattern of differ- 
ence as men; however, that difference 
was not significant. 

Occupation.—There was no signifi- 
cant difference in survival between 
the high socioeconomic and/or physi- 
cally inaetive groups (professional, 
managerial, and clerical) and the low 
socioeconomic and/or physically ac- 
tive groups (salesmen, service, pri- 
mary, and craftsmen). It is noted, 
however, that the former groups had a 
lower mortality than the latter. When 
these differences were analyzed fur- 
ther according to diagnostie types of 
stroke, no significant difference nor 
 Specifie patterns in survival were 
found. 

Residence—The survival of patients 
with INF who lived in urban areas did 
not differ significantly from those 
who lived in rural areas. However, 
among patients with HGE, the survi- 
val was significantly better in rural 
than in urban areas (P< .01) as 
shown in Fig 7. The difference was 
apparent in both men and women, but 
was more notable in men. Most of this 
difference was also noted early during 
the first month after stroke. By the 
end of one month, 66% of the urban 
HGE patients died as compared with 
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4876 of the rural patients, whereas 
three to four years after stroke, 80% 
of the urban HGE patients died as 
compared with 55% of the rural 
patients. It was found, too, that HGE 
patients admitted to hospitals outside 
the greater Winnipeg area survived 
the disease better than those admitted 
to hospitals in Winnipeg; though this 
difference was not significant. 

Transfer of Patient to Long-term Care 
Hospital.— After initial care for acute 
stroke in the hospital, patients who 
survived the period at that hospital 
and were discharged to their home 
survived better than those who were 
transferred to long-term care hospi- 
tals. Three to four years after the 
attack, 33% of the INF patients who 
were discharged home died as com- 
pared with 44% of those who were 
transferred to long-term care hospi- 
tals. The figures for HGE were 19% 
and 47%, respectively. The difference 
in survival was significant in women 
with INF (P —.001) and with HGE 
(P < .005). 

Condition on Discharge and Cause of 
Death.— Upon discharge from the hos- 
pital, 23.6% of INF and 15.8% of HGE 
patients were walking without assis- 
tance, 26.3% of INF and 6.1% of HGE 
patients needed some kind of assis- 
tance such as cane or tripod, 7.895 of 
INF and 3.2% of HGE patients were in 
wheelchairs, 2.2% of INF and 1.4% of 
HGE patients were bedridden, and 
29.9% of INF and 70.3% of HGE 
patients died. 


Of those who died during the follow- 
up period, 14.3% of INF and 45.9% of 
HGE patients, stroke was mentioned 
as the underlying cause of death. In 
13.8% of INF and 21.5% of HGE 
patients, stroke was mentioned 
among other contributing causes; and 
in 6.4% of INF and 1.8% of HGE 
patients, cardiovascular disease was 
mentioned as the underlying or con- 
tributing cause of death. The remain- 
ing deaths were due to other causes 
such as cancer, respiratory disease, or 
a combination of causes. 


COMMENT 


Although a number of studies have 
described the natural history of stroke 
and the factors influencing survival, it 
is uncommon to find a study that 
combines certain outstanding fea- 
tures such as this one. This study deals 
with a relatively lafge number of 
nonselected cases of stroke, repre- 
senting a total community of approxi- 
mately 700,000 residents. The cases 

.^were new only (nonrecurrent) and 
occurred over a relatively short period 
of time. (18 months). Thus, the 
confounding effect of the factors 
whose levels or natures may change 
over long periods of time is minim- 
ized/In addition, since these were new 
cases, the description of the natural 
history of the disease will be more 
realistic and less distorted by factors 
related to recurrences and to other 
diseases. Other features of this study 
include the use of rigid criteria for 
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diagnosis, dealing with each diag- 


nostic category of stroke separately, 


adjusting for age when necessary, and 
dealing with each sex separately. The 
53 patients who were lost to follow-up 
donot constitute a large percentage of 
the total group (3.5% only) and, in 
addition to the fact that the part of 
their survival till the discharge from 
hospital was accounted for, their with- 
drawal does not affect the results 
seriously. 

While this study has certain advan- 
tages, its results are in agreement 
with others reported previously, par- 
ticularly those describing the differ- 
ential survival according to clinical 
types(The fact that patients with INF 
survived better than those with HGE, 
and that patients with SAH survived 
better than those with ICH has been 
demonstrated by others. Most of the 
deaths from HGE occurred early 
during the first three weeks, after 
which, if the patient survived, he 
would be considered to have passed 
the serious stag 

Patients with thrombotie INF sur- 
vived a little better than those with 
embolic INF, and both of these groups 
continued to have a risk of dying from 
the disease greater than that of the 
general population of the same age 
and sex structure{ The cases of unde- 


termined type of stroke followed a 


pattern of survival very close to that 
of INF, suggesting that most of these 
eases probably were INF, 

The finding that men in this study 
survived stroke better than women is 
noteworthy, particularly when this 
contrasts with the general known 
observation that all causes of mortali- 
ty are higher in men than in women in 
each age group.” Whereas this differ- 
ence in survival by sex in our study 
concurs with some of other studies," 
it still varies from some others who 


found either no difference or that . 


women survived better than men.'^" 
However, since the difference in our 
study was significant and age was 
adjusted for, plus the fact that this 
difference by sex was noted in each of 
the INF and HGE groups, it is likely 
that this difference is real. 

Our finding agrees with almost all 
other studies that the older the 
patient the poorer the prognosis. In 
only one instance was there an excep- 
tion to this rule: men under 45 years of 
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age had a higher mortality than men 
in the 45- to 64-year group. Most of the 
difference between these two age 
groups occurred early during the first 
week after stroke and is attributed 
mainly to the high mortality of 
younger than the older male patients 
with HGE, indicating that HGE 
afflicting young men may be more 
severe. Also, young men below age 45 
with INF tended to die more fre- 
quently than middle-aged men after 
the first year of stroke. This pecu- 
liarity about the survival of young 
men should not be overlooked, since it 
was illustrated also in other studies'^' 
and should direct our attention 
towards further care and study of this 
partieular group. 

The difference in survival by 
patient's residence illustrated in this 
study is of interest. While no differ- 
ence was revealed for the INF group, 
signifieant difference was found be- 
tween the survival of patients with 
HGE residing in urban and rural 
areas. In contrast to the expected, 
HGE patients in urban areas had less 
chance of survival than those in rural 
areas. In addition, HGE patients 
admitted to hospitals within the 
Greater Metropolitan Winnipeg area 
had less chance of survival than those 
admitted to hospitals outside Winni- 
peg. These observations may indicate 
that urban eases of HGE may have 
been more severe than rural cases. 
Another possible explanation for this 
is that severe cases of HGE that 
occurred in rural areas were more 
likely to result in death within a very 
short time after onset; thus, the 
patient had a small chance for admis- 
sion to the hospital, which might not 
have been located in the immediate 
vicinity. Thus, severe cases of HGE 
would be more likely underreported in 
rural areas with resultant false better 
survival rates for that group. 

In conclusion, the follow-up of 1,484 
new cases of stroke in this study 
revealed certain factors associated 
with survival. Prominent among these 
are the clinical type of stroke, age, 
sex, marital status, and residence. 
Occupation had no significant in- 
fluence on survival, and the apparent 
difference in survival between those 
transferred to long-term care hospi- 
tals and those cared for at home is 
probably due to the selection factor: 
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or those with residual defieits were 
usually transferred to long-term care 
hospitals. In addition to these find- 
ings, the effect on survival of more 
elaborate clinical factors and labora- 
tory measurements, to be reported 
next month, will help in predicting the 
outeome of stroke cases and in plan- 
ning for better care. 


This investigation was supported in part by 
grants 606-7-264 and 606-7-232 from the Depart- 
ment of National Health and Welfare, Canada. 

The Manitoba Health Services Commission 
provided the hospital claim reports. The Depart- 
ments of Medical Records in various Manitoba 
hospitals gave permission to review their records. 
Eileen Austen, Agnes Delaney, and Wilda 
Michaluk did the field work; Young S. Youn 
assisted with the tabulation and analysis; and 
Camille Guenette prepared the manuscript. 
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Ataxic Hemiparesis 


è Three stroke patients showed weak- 
ness and pyramidal signs on one side 
combined with a cerebellar-like ataxia on 
the same side. Pathologic study in each 
case showed an old infarct cavity in the 
basis pontis at the level of the junction of 
the upper one third and lower two thirds 
on the side opposite the neurologic defi- 
cit. The basilar artery was patent and the 
infarcts were probably the result of occlu- 
sion of penetrating arteries. This study 
demonstrates that a lesion of the basis 
pontis may be associated with a contralat- 
eral ataxia that is cerebellar in character. 
The designation ataxic hemiparesis is 
suggested for the syndrome. 

(Arch Neurol 35:126-128, 1978) 


I’ 1965, Fisher and Cole’ described a 
stroke syndrome in which the 
main feature was an unusual combi- 
nation of weakness and ataxia involv- 
ing the limbs on the same side. 
Although none of the cases was 
studied pathologically, the process 
was believed to be ischemia rather 
than hemorrhage. What remained 
particularly puzzling was the localiza- 
tion of a lesion that could cause both 
pyramidal and cerebellar signs in the 
same limbs. It was difficult on the 
basis of then-current knowledge to 
postulate a single site along the cere- 
bral neuraxis where pyramidal and 
cerebellar signs would not be contra- 
lateral to each other. 
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A Pathologie Study 


C. Miller Fisher, MD 


Three cases of the syndrome have 
now been examined pathologically 
revealing a lesion in the upper basis 
pontis contralateral to both the 
pyramidal and the cerebellar signs. 
These cases are the subject of the 
present clinicopathologic report. 


REPORT OF CASES 


CASE 1.—A hypertensive man, aged 82, 
experienced a transient episode of weak- 
ness of the left arm and unsteadiness of 
gait one week before admission. On the day 
of admission, his left side became almost 
completely paralyzed and the patient felt 
dizzy and vomited once. On arrival in the 
Emergency Department four hours later, 
return of power had begun. The patient 
was alert and oriented. There was a fine 
horizontal nystagmus on lateral gaze to 
each side and a coarse vertical nystagmus 
on gaze upwards. Examination showed 
slight weakness of the left side of the face, 
slight dysarthria, and deviation of the 
tongue to the left. Power in the left upper 
and lower extremities was 7/10 of normal. 
The tendon reflexes were brisker and there 
was a Babinski sign on the left side. The 
finger-nose and heel-knee-tibia tests re- 
vealed an intention tremor and a slow 
irregular dysmetria on the left side. The 
blood pressure was 170/90 mm Hg. The 
CSF was normal. Recovery was satisfac- 
tory, and in six weeks the patient was able 
to return home to live by himself. He died 
3/5 years later of pneumonia complicating 
senile dementia. 

Neuropathologic —Findings.- The brain 
showed advanced cortical atrophy. The 
large cerebral arteries, although moder- 
ately atherosclerotic, were patent. On 
sectioning the brain no lesions were found 
in the cerebral hemispheres. In the right 
upper basis pontis at about the junction of 
the upper one third and lower two thirds of 


the pons, there was a linear irregular cavi- 
tation extending from near the surface of 
the pons to the region of the medial 
lemniscus posteriorly (Fig 1). It measured 
7 mm in an anteroposterior direction, 3.5 to 
6 mm transversely, and 5 mm vertically. A 
small basilar branch artery that ran to the 
region of the infarct showed a thick plaque 
of yellow atherosclerosis at its junction 
with the basilar artery. 

Case 2.—A hypertensive man, aged 54, 
awakened one morning unable to walk 
without falling. Speech was thick but there 
was no headache, dizziness, or dysphagia. 
His condition had improved slightly upon 
admission to the hospital two weeks later 
when examination showed an alert, respon- 
sive man with slight to moderate dysar- 
thria. The pupils were equal and reacted to 
light. The extraocular movements were full 
with a brisk horizontal nystagmus on 
lateral gaze to each side and vertical 
nystagmus on gaze upwards. The face 
moved symmetrically. Rapid lingual move- 
ments were slow. The left arm and the left 
leg proximally were slightly weak, while 
the left toes and ankle were very weak. The 
tendon reflexes were brisker and there was 
a Babinski sign on the left side. Sensation 
was intact to pin, touch, joint-position, and 
vibration. On the finger-nose and heel- 
knee-tibia tests there was a moderate cere- 
bellar ataxia. Rapid movements of the left 
extremities were irregular, slow, and clum- 
sy. On the Romberg test swaying was 
excessive. On attempting to walk, the 
patient listed and staggered to the left and 
had to be supported. The left foot scuffed 
the floor. The patient cried on seeing his 
family. The blood pressure was 190/110 
mm Hg. The CSF was normal. In the 
following several months recovery was 
almost complete. 

Five years later, following a series of 
transient episodes of aphasia and numb- 
ness of the fingers of the right hand 
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Fig 1.-Section of pons showing small 
tandem infarcts (case 1). 





Fig 2.-Section of pons showing old infarct 
cavity (case 2). 


lasting 30 minutes, the patient developed a 
complete right hemiplegia. Angiography 
showed occlusion of the left internal 
carotid artery and the patient died one 
week following an unsuccessful emergency 
endarterectomy. 

Neuropathologic Findings.—There was a 
recent massive infarct of the left middle 
cerebral territory. The only old lesion was 
an irregular cavity measuring 8 mm trans- 
versely, 8 mm vertically, and 5 mm antero- 
posteriorly in the upper basis pontis at 
about the junction of the upper one third 
and lower two thirds. While straddling the 
midline, it extended mainly to the right 
and lay posteriorly near the medial lemnis- 
cus (Fig 2). A small area of infarction was 
also present superficially. There were no 
lesions in the cerebellum. The basilar, both 
vertebral and right internal carotid ar- 
teries were patent. The penetrating 
arteries were not examined. 

Case 3.—A hypertensive man, aged 63, 
suddenly developed moderate weakness of 
the left arm and leg one evening. The next 
morning strength was approximately nor- 
mal but at noon weakness recurred. On 
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Fig 3.-Section of pons showing softening 
at midline (case 3). 


examination in the Emergency Depart- 
ment a few hours later, the patient was 
alert and mentally clear with normal 
speech. The visual fields were full. The left 
arm and leg were slightly weak and on the 
finger-nose and heel-knee tests showed 
incoordination that was questionably re- 
lated to the weakness. There was no 
sensory deficit. The next day he was worse 
with slight left facial weakness, moderate 
weakness at the left shoulder, and marked 
weakness of the grip. The tendon reflexes 
were brisker and there was a Babinski sign 
on the left. Vertical nystagmus was 
present on upward gaze. On the third 
hospital day, the left leg became slightly 
weaker distally. Sensation was normal and 
the visual fields were full. The blood pres- 
sure was 180/85 mm Hg. The CSF and 
electroencephalographic findings were 
normal. After the third day the patient 
began to improve, and after six months the 
only abnormality was slight dragging of 
the left leg when he was tired. Seven years 
later the patient had a 45-minute episode 
of weakness of the right leg and numbness 
of the right arm. He died from unrelated 
carcinomatosis eight years later. 
Neuropathologic Findings- There were 
only two lesions. In the upper basis pontis 
at the level of the upper one third and 
lower two thirds, there was an elongated 
cavity 7.5 mm anteroposteriorly, 5 mm 
transversely, and 5 mm vertically (Fig 3). 
It lay along the midline extending slightly 
more to the right side and reaching a depth 
of 10 mm within the pons. The uppermost 
extremity was 5 mm from the rostral 
border of the pons. The only other lesion 
was a 5 mm recent softening in the head of 
the right caudate nucleus. The basilar 
artery was atherosclerotic but fully patent. 
The presence of intermittent symptoms at 
the onset indicated a thrombotic process. 


COMMENT 


The main clinical features of the 
stroke syndrome were weakness of 
one side (case 1, slight to moderate of 
face, arm, and leg; case 2, slight of 
arm, severe of toes; and case 3, severe 
of arm and slight of face and leg), 
inereased tendon reflexes, a Babinski 
sign, dysmetria resembling cerebellar 
ataxia on the finger-nose and heel- 
knee-tibia tests, slowness and incoor- 
dination in rapid alternating move- 
ments, slight dysarthria (cases 1 and 
2), vertieal and horizontal nystagmus 
(cases 1 and 2), and vertical nystag- 
mus alone (case 3). There was no 
numbness, sensory loss, diplopia, vi- 
sual field defect, or mental change. In 
case 1, dizziness was recorded by one 
examiner. In brief, there was a pure 
motor hemiparesis of variable severi- 
ty to which incoordination was added. 
The stroke deficit reached its maxi- 
mum in one to six days. 

The lesions lay approximately at the 
junetion of the upper one third and 
lower two thirds of the basis pontis on 
the side contralateral to the pyramidal 
and cerebellar signs. The configura- 
tion of the lesions was variable, and in 
cases 2 and 3 the localization was at 
the midline. Since in all cases clinical 
recovery was excellent, the residual 
pathologie findings do not necessarily 
reflect accurately the site of the acute 
insult that gave rise to the initial 
clinical syndrome. 

In each case the basilar artery, 
although atherosclerotic, was patent. 
In none of the cases was it possible to 
prepare serial sections of the spec- 
imen endeavoring to trace out the 
vascular supply to the territory of the 
infarct and identify the vascular 
occlusion. In ease 1, a bead of ather- 
oma lay at the origin of the pene- 
trating artery that ran to the region 
of the infaret. In cases 1 and 3 the 
symptoms fluctuated or were inter- 
mittent over a period of several days 
suggesting thrombosis rather than 
embolism. All patients were hyperten- 
sive, a necessary condition for throm- 
botic occlusion of a penetrating artery 
other than in the segment within the 
basilar wall. It is suspected that the 
responsible vascular lesions were simi- 
lar to those found in basilar branch 
occlusion in the lower pons in two 


Ataxic Hemiparesis—Fisher 127 


previous cases.” 

The prognosis for recovery is excel- 
lent explaining the rarity with which 
a satisfactory clinicopathologic corre- 
lation becomes possible. Since the 
deficit is limited, anticoagulant thera- 
py is not indicated. As already 
mentioned, infarcts at other sites do 
not produce the same combination of 
signs. When the syndrome is recog- 
nized, it can be confidently predicted 
that a major irreversible deficit is not 
in the offing. Angiography will not 
disclose the small blocked artery and 
shows normal findings or a demon- 
strated lesion is probably an unrelated 
incidental finding. 

An important question is whether 
weakness by itself accounted for the 
incoordination. It is our experience 
that patients with a sensorimotor or 
pure motor hemiparesis, whether due 
to border zone, capsular, or lower 
pontine lesions, generally show little 
or no incoordination on the nger- 
nose test; at least it is not of the 
severity in the present cases. Weak 
limbs are usually not dysmetric. In 
two personally studied cases of pure 
motor hemiparesis, one capsular and 
one lower pontine in origin, the 
involved leg when elevated with the 
knee straight wavered up and down 2 
to 3 em but dysmetria was not pres- 
ent. 

Whether the dysmetria was actually 
cerebellar in type is a matter difficult 
to settle, but the resemblance was 
close. In less severe cases the limbs, 
during action, show a swinging or 
swaying incoordination difficult to 
classify but nevertheless similar to the 
unsteadiness that may be seen in 
cases of cerebellar disease. In the 
absence of specific clinical criteria for 
a cerebellar deficit, the final answer 
must be left open. 

In our laboratory only four cases of 
upper pontine infarction have been 
examined in which a good clinicopath- 
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ologie correlation was possible—the 
three cases described here and the 
case of dysarthria-clumsy hand syn- 
drome reported in 1967. In that case, 
the findings included moderate facial 
weakness, slight weakness of the arm 
and leg, a cerebellar type of dysmetria 
on the finger-nose test, slowing of 
rapid repetitive movements of the 
hand and foot, a Babinski sign and 
slight dragging of the leg, all on the 
right side, moderate dysarthria, and 
slight imbalance. The similarity with 
the present three cases is obvious. 
Moreover the presence of dysmetria in 
the right arm in association with a left 
pontine infarct supports the view that 
ataxia may be contralateral in pontine 
lesions. 

In a fifth case studied in detail 
clinically, the pathologic report simply 
described a 4 mm lacune in the mid- 
basis pontis without further informa- 
tion. There were five other small cere- 
bral infarcts probably unrelated to the 
stroke. Seventeen years before death, 
the patient had three brief episodes in 
one day of staggering and falling to 
the left after which he remained 
ataxic. Examination showed slight 
horizontal nystagmus on left lateral 
gaze, moderate cerebellar-like ataxia 
of the left arm and leg, good strength 
in the left arm, buckling of the left 
knee on walking, moderate weakness 
of dorsiflexion of the left toes and 
ankle, enhanced tendon reflexes on 
the left side, a left Babinski sign, and 
listing to the left on the Romberg test. 
Recovery was almost complete in a 
month. Although the information is 
incomplete, this case clearly fits the 
syndrome under discussion. 

. From consideration of these four 
(five) cases, it is obvious that with 
infarction of the upper basis pontis 
the hemiparesis is variable in distribu- 
tion and severity. The reason for the 
variation is probably anatomical in 
that the compact corticobulbar and 


corticospinal tracts as they leave the 
cerebral peduncles become dispersed 
by the pontine nuclei with the result 
that different motor bundles may be 
damaged by lesions placed slightly 
differently. In the internal capsule, 
lower pons, and pyramid the fibers are 
closely congregated with a tendency 
for the face, arm, and leg to be 
uniformly involved. Cerebellar signs 
are a more constant part of the 
syndrome and may affect mainly the 
arm or the leg or both. On the basis of 
the present clinicopathologic experi- 
ence, it is proposed that the term 
ataxic hemiparesis be used for this 
syndrome to supplant the previous 
designation—homolateral ataxia and 
crural paresis.’ 

This study has furnished the solu- 
tion to an old neurologic problem—the 
site of the lesion responsible for ipsi- 
lateral pyramidal and cerebellar signs. 
The combination is not limited to 
vascular lesions but may be met with- 
in tumors and in demyelinating 
processes involving the pons. Specula- 
tion on the mechanism underlying the. 
contralateral cerebellar signs is 
limited to the suggestion that either 
the pontine nuclei sending fibers to 
the opposite cerebellar hemispheres 
are damaged or crossing fibers from 
the opposite pontine nuclei are inter- 
rupted. In either case it is not clear 
why the cerebellar signs are not bilat- 
eral. 


This study was supported in part by grant 
NS05152 from the National Institute of Neuro- 
logical and Communicative Disorders and 
Stroke. 
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Controlled Use 


of Cranial Computerized Tomography 


Frank R. Freemon, MD; Joseph H. Allen, MD; Gary W. Duncan, MD; Gerald P. Randle, MD 


® This study attempts to assess the 
impact of computerized cranial tomog- 
raphy (CT) on clinical practice in a 
veterans hospital. A CT scan could be 
performed only if there existed a reason- 
able potential for the results to affect the 
patient’s clinical course. We document 
many instances of how the 163 CT scans 
obtained during a one-year period aided 
patients. We quantitated one beneficial 
aspect by estimating the major neurora- 
diologic contrast procedures obviated by 
CT scan. Case-by-case review indicates 
70 cerebral arteriograms and 58 pneu- 
moencephalograms would have been per- 
formed had CT scanning not been avail- 
able. 

(Arch Neurol 35:129-132, 1978) 


n the five years since the introduc- 
tion of cranial computerized to- 
mography (CT)? a multitude of 
studies have described the appearance 
of the CT image in a specific clinical 
condition. This stream of publications 
has become such a torrent that some 
commentators have suggested that 
the uncontrollable desire to write 
about CT scanning is a symptom of a 
new disorder, CT hyperpyrexia.’ Few 
studies have attempted to analyze the 
overall clinieal value of this new 
neurodiagnostic technique. Clinicians 
have questioned whether the superior 
imaging ability of the CT sean trans- 
lates into improved patient care and 
whether the CT scan "is reducing the 
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cost of health care or adding to it?" 
Journalists have pointed to CT scan- 
ning as "the latest example of tech- 
nology run amok, driving up the cost 
of medical care" (Washington Post, 
May 13, 1977). Our study reviewed one 
year's experience with cranial CT 
scanning to see how this new diag- 
nostie method changed patient care at 
our hospital when used under special 
economic restraint. 


METHOD 


When CT scanning became available to 
the Nashville Veterans Administration 
Hospital through its sharing agreement 
with Vanderbilt University Hospital, no 
funds had been allocated for this purpose. 
The hospital medical staff and administra- 
tion set "maximally conservative" indica- 
tions for CT scanning. In order for a 
patient to have a CT scan there had to be a 
reasonable chance that the results of the 
study would substantially change clinical 
management. À CT scan could not be done 
for teaching purposes, intellectual interest, 
or to define the extent of a lesion whose 
nature was already known. Computerized 
tomographic scans were performed on an 
EMI seanner with a 160 x 160 matrix. 
Except for evaluation of dementia, scan- 
ning was performed before and after 
intravenous contrast enhancement. 

We examined the chart of each patient 
who had had a CT scan during the one-year 
period ending July 1, 1976. On the basis of 
knowledge of previous practice, the chart 
reviewers determined what other studies 
would have been done had CT scanning not 
been available. The chart reviewers had 
been the clinicians in charge of or the 
consultants for approximately two thirds 
of the patients who underwent CT scan- 
ning. 


RESULTS 
During this one-year period, 158 


patients had 163 CT scans. The charts 
of these patients were divided accord- 
ing to stated clinical indications for 
the procedure. Five patients had two 
separate scans for different indica- 
tions and each is considered a separate 
entry for data analysis. All patients 
were veterans of the US armed 
services except for two active-duty 
military personnel. Ages ranged from 
18 to 82 years; all but one were male. 
No effort was made to exclude outpa- 
tients, but all cases were either inpa- 
tients or had recently been inpa- 
tients. 


Dementia 


During the period of the study, 50 
patients of average age 61.4 years, 
underwent CT scanning because of 
progressive intellectual deterioration. 
The CT sean was normal in 1l 
patients, showed moderate to severe 
cortical atrophy in 21, and minimal or 
slight atrophy in five. In seven cases, 
the CT sean was compatible with the 
diagnosis of normal pressure hydro- 
cephalus, that is, enlarged ventricles 
without cortical atrophy. The remain- 
ing six cases showed a variety of 
results; three scans showed multiple 
areas of nonenhancing decreased den- 
sity in specific arterial distribution, 
corroborating the clinical suspicion of 
multiinfarct dementia; one showed an 
enhancing thalamic mass; and one 
showed a large subdural fluid collec- 
tion with a shift of intracranial 
contents. One CT scan showed an 
infarction in the left parietooccipital 
region and reexamination of the 
patient showed he was aphasic rather 
than demented. 
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Of these 50 patients, two had 
unexpected intracranial mass lesions. 
The recognition of the subdural hema- 
toma led to surgical drainage and 
clinical improvement. The thalamic 
mass was irradiated after evaluation 
failed to uncover a primary tumor site 
elsewhere in the body. Of the seven 
patients with the CT picture of 
normal pressure hydrocephalus, five 
underwent surgical placement of a 
ventriculoatrial shunt. Three of these 
patients were unchanged clinically at 
follow-up examination, but one was 
markedly improved; the fifth shunt 
became infected and was removed. 
One of the remaining patients refused 
shunting; in the other, the CT was not 
completely diagnostic and pneumoen- 
cephalography was performed. This 
study showed air over the convexities 
and the patient did not undergo 
ventriculoatrial shunt placement. 

We had performed pneumoencepha- 
lograms on the majority of demented 
patients prior to the introduction of 
computerized tomography and had 
demonstrated its value for our patient 
population in a previous study.° Three 
patients had clinically multiinfarct 
dementia and would not have been 
candidates for pneumoencephalogra- 
phy; the remaining cases would have 
undergone this procedure to rule out 
normal pressure hydrocephalus. In 
one patient, the CT suggested normal 
pressure hydrocephalus, and pneu- 
moencephalography was performed. 
From these data we calculate that the 
availability of the CT scan avoided 46 
pneumoencephalograms in 50 de- 
mented patients. 

To balance these prevented pro- 
cedures, however, a small enhancing 
density was seen in a CT scan that 
also showed generalized atrophy. This 
abnormality led to cerebral angiogra- 
phy, which was normal; angiography 
would not have been performed in the 
absence of this information from the 
CT scan. 


Primary Brain Tumor Suspect 


One might say that any patient 
with CNS symptoms might be a brain 
tumor suspect, but the clinicians using 
these conservative indications were 
instructed to obtain CT scans only in 
those patients for whom contrast 
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radiologic procedures would have been 
performed if CT had not been avail- 
able. Those patients believed certain 
to have a mass lesion (eg, a patient 
with papiledema and hemiparesis) 
went directly to angiography; CT was 
performed only in those patients in 
whom a normal CT scan would obviate 
the need for contrast studies. During 
the period of review, arteriography 
was always performed preoperatively; 
too little experience was then avail- 
able to allow brain tumor surgery 
based on the CT results alone. 

In the year of the study, CT scans 
were performed in 44 patients sus- 
pected of harboring a primary brain 
tumor. The average age of these 44 
male patients was 51.7 years. The CT 
was normal or showed only minimal 
atrophy in 27 cases. Four patients had 
a nonenhancing decreased density 
lesion in the distribution of a specific 
vessel without mass effect. The clin- 
ical suspicion of tumor had been 
raised in these patients whose CT scan 
permitted the final clinical diagnosis 
of brain infarction. Five patients had 
enhancing mass lesions. Three of 
these patients had cerebral angio- 
graphy and subsequent exploration, 
which disclosed astrocytoma in two 
instances and meningioma in the 
third. The fourth scan showed multi- 
ple enhancing densities; the patient 
underwent radiation therapy for me- 
tastases from an unknown primary 
tumor. The final patient with an 
enhancing mass lesion had a pituitary 
adenoma; he declined operation. An- 
giography was not done. One patient 
had a normal fourth but greatly 
enlarged third and lateral ventricles, 
and underwent surgical placement of 
a ventriculoatrial shunt for presumed 
aqueductal stenosis. He had no inva- 
sive contrast procedures performed. 
Seven patients had equivocal CT scans 
and required cerebral angiography. 
One of these seven had the angio- 
graphic findings of a stroke, a second 
of tumor (glioblastoma), a third of 
subdural mass (a subdural empyema 
was drained). Two angiograms (and in 
one case a pneuomencephalogram) 
were normal, and in two cases the 
suspected mass was equivocal on 
angiography as well as CT scan; these 
four cases continue to be followed. 


One can calculate that a large 
number of angiograms were pre- 
vented by the performance of a CT 
scan. Those 27 patients with a normal 
CT scan would probably have had 
angiography if the tomographic study 
had not been available. In addition, 
the four patients who had a nonen- 
hancing decreased density lesion sug- 
gesting a stroke escaped angiography. 
Two of the five tumor patients had 
such a clear CT picture that angio- 
graphy was not needed; the other 
three required cerebral angiography. 
The seven patients with equivocal CT 
scans all underwent arteriography. 
The subdural empyema patient re- 
quired preoperative cerebral angio- 
graphy. The patient with aqueduetal 
stenosis underwent no invasive radio- 
logical procedures; he probably would 
have required both angiography to 
suggest the diagnosis and subsequent 
pneumoencephalography to confirm 
it. Thus, we estimate that computer- 
ized tomography prevented 34 arterio- 
grams and one pneumoencephalogram 
in this group of 44 patients. 


Metastatic Brain Tumor Suspect 


During the year of the study, we 
encountered 15 patients with known 
systemic cancer in whom neurological 
symptoms developed suggesting brain 
metastases. These 15 male patients, 
average age 60.8 years, included ten 
patients with cancer of the lung and 
one each of cancer of the kidney, 
stomach, larynx, and prostate. One 
patient had adenocarcinoma of un- 
known origin in cervical lymph 
nodes. 

In six of these patients, the CT 
showed metastases and the patients 
received cranial irradiation. Eight CT 
scans were normal. In the final case, 
the CT was equivocal and the patient 
underwent cerebral angiography, 
which was most compatible with 
stroke. If CT scanning had not been 
available, all patients would have 
undergone arteriography. Therefore, 
we caleulate that 14 arteriographic 
studies were avoided. 


Subdural Hematoma Suspect 


Fifteen male patients, average 49.4 
years, underwent CT scanning be- 
cause of the suspicion of subdural 
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hematoma. Of the seven patients 
without hematoma, the CT scan was 
normal in five and showed an infarct 
in one. Cerebral angiography proba- 
bly would have been performed in 
these cases if CT had not been avail- 
able. The seventh CT scan was equi- 
vocal and the patient underwent 
arteriography, which was normal. Of 
the eight patients shown to have a 
subdural hematoma, five had CT scans 
of such a diagnostic exactness that 
surgery could be performed without 
angiography. In the remaining three 
patients, the CT was equivocal and the 
patients underwent arteriography, 
which showed the subdural hematoma. 
In this patient group, CT scanning 
prevented 11 angiograms. 


Intracerebral Hematoma Suspect 


Eleven patients, of average age 47.3 
years, underwent CT scanning be- 
cause of suspicion of intracerebral 
hematoma. In four patients with 
sudden onset of focal neurological 
deficit, CT scans were normal and 
subsequent evaluation indicated in- 
faretion. These patients were more 
lethargic than most stroke patients 
and one had received anticoagulant 
therapy at the time of the stroke. The 
CT scan in the latter patient led to the 
diagnosis of embolic disease, ruling 
out intracerebral hematoma and al- 
lowing continued anticoagulant ther- 
apy, possibly preventing further em- 
boli. Two of these four patients under- 
went cerebral angiography. 

In seven patients, the CT scan 
demonstrated intracerebral  collec- 
tions of blood. All had severe mental 
changes, usually coma, and other 
neurological deficits. Four of these 
seven patients had arteriography to 
find the site of the bleeding. The CT 
results led to surgical attempts to 
remove the intracerebral hematoma 
in two patients, but both died. 


Cerebellar Dysfunction 


It had been the authors’ practice to 
evaluate patients with chronic cere- 
bellar dysfunction with pneumoen- 
cephalography in order to visualize 
cerebellar atrophy for prognostic and 
counseling purposes and to be sure 
cerebellar tumor was not present. 
Eight patients with chronic cerebellar 
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symptoms underwent CT scanning. In 
one patient, the CT scan showed an 
equivocal area of enhancement in the 
cerebellar vermis; because of this, the 
patient underwent pneumoencepha- 
lography and cerebral angiography, 
which were normal. A second CT sean 
six months later was normal. Both CT 
scans were performed within the year 
of the study, so this patient is repre- 
sented by two CT results, one equi- 
vocal and one normal. Three other CT 
scans were normal. Two patients had 
definite cerebellar atrophy visible on 
CT scan. Another CT scan showed a 
cerebellar hematoma. The final study 
showed an equivocal area of decreased 
density; the subsequent pneumoen- 
cephalogram was normal. We calcu- 
late that these nine CT scans avoided 
seven pneumoencephalograms (four 
in patients with normal CT, two with 
cerebellar atrophy, and one with 
hematoma), but led to angiography in 
one instance. 


Miscellaneous Indications 


Four patients who had placement of 
ventriculoatrial shunt for the treat- 
ment of stenosis of the aqueduct of 
Sylvius or normal pressure hydroceph- 
alus underwent further mental deteri- 
oration or developed headache. Com- 
puterized tomographic scans were 
performed to see if shunt revision was 
indicated. The lateral ventricles were 
smaller or unchanged in three cases 
and shunt revision was not needed. 
The fourth scan showed worsening 
hydrocephalus, leading to surgical 
placement of another ventriculoatrial 


shunt. These four patients would have 
undergone pneumoencephalography 
had CT scanning not been available. 

Three patients were suspected of 
having brain abscess. All had abnor- 
mal isotope scans. One CT scan 
showed a cerebral infarction; the 
other two were normal. One of the 
latter two patients died of septicemia 
and the brain was free of abnormality 
at autopsy. These patients would 
probably have undergone cerebral 
arteriography if CT scanning had not 
been available. 

Three patients had orbital CT scans 
to evaluate proptosis. Angiographic 
evaluation of the orbit was avoided in 
these three cases. In two instances, 
the CT showed the orbits free of 
tumor; in the other, tumor was 
present and vision improved following 
radiotherapy. 

Two patients were delirious (pro- 
bably delirium tremens) and had 
abnormal isotope brain scans. The CT 
in these eases showed only moderate 
cortical atrophy. While cerebral angio- 
graphy might have been performed by 
an aggressive physician had CT not 
been available, an equally appropriate 
mode of management would have 
been to reevaluate the patient clini- 
cally after the delirium cleared. 

In one patient a brain stem tumor 
was suspected. The CT scan was 
normal as were the angiogram and the 
pneumoencephalogram. Autopsy six 
months later showed a brain stem 
glioma. 

Six patients had CT scans for 
unclear or inadequate indication. De- 


Table 1.—Presumed Studies Avoided* 


Patient Category 
Dementia 


Studies Avoided 


Angiography 
0 


Pneumoencephalography 


Primary tumor suspect 44 34 1 


Metastatic tumor suspect 
Subdural hematoma suspect 


Intracerebral hematoma suspect 11 5 0 


Totals 163 70 58 





*Two angiograms (one in a dementia patient and one in a patient with cerebellar dysfunction) were 


initiated by equivocal findings on CT scan. 
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*From Wortzman et al.* 


spite efforts by staff neurologists and 


 neurosurgeons to authorize only CT 


scans that had a reasonable potential 
to change the patient's management, 
six scans were performed in patients 
with brain tumors already diagnosed 
or in other situations where the 
results were interesting or educa- 
tional, but not directly relevant to 
patient care. 


Major Radiological 
Procedures Avoided 


Table 1 summarizes by patient cate- 
gory procedures that probably would 
have been performed had CT scanning 
not been available. In the year prior to 
the introduction of CT seanning, our 
hospital performed 229 cerebral arte- 
riograms and 55 pneumoencephalo- 
grams. During the year of the study, 
these figures dropped to 180 and 5, 
respectively. The "savings" cf 49 
angiograms and 50 air studies calcu- 
lated from these statistics are less 
than the 70 angiograms and 5$ air 
studies determined by the chart 
review. The increasing patient load in 
the entire hospital during the period 
of CT introduction may partially 
account for this difference. In addi- 
tion, some patients in different cate- 
gories, especially the brain tumor 
suspect group, would not have had 
angiograms if the CT had not been 
available and do not therefore repre- 
sent a true estimate. 


COMMENT 


The purpose of this study was to 
determine the value of CT scanning 
using conservative indications. Only 
certain clinicians could order a CT 
scan, and they only did so if there was 
a reasonable chance that the CT 
results would change the patient's 
clinical course. 
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Toronto* 
p i, 
Inpatients Outpatients 


Several investigators have com- 
pared the overall value of CT scanning 
with radionuclide (RN) brain scan- 
ning." In general, these investigators 
have tended to group patients into 
four categories: CT and RN both posi- 
tive or both negative and one study 
positive but the other negative. In 
general, the CT is abnormal and the 
RN sean is normal in demented 
patients with brain atrophy, in a few 
patients with low-grade glioma, and 
in some patients with either very new 
or very old strokes. The RN sean 
shows abnormal uptake, while the CT 
is normal in a few cerebral infarctions 
and in bilateral chronic subdural 
hematomas. This type of positive- 
negative or abnormal-normal dichot- 
omy was not the approach of the 
present study. We were not as inter- 
ested in "showing the lesion" as in 
helping the patient. A normal CT scan 
was clinieally just as valuable as an 
abnormal one. 

Only one other published study has 
attempted to calculate the major 
neuroradiologie procedures prevented 
by the introduction of computerized 
tomography. Wortzman et al’ at the 
Toronto General Hospital, reviewed 
the charts of 203 inpatients who 
underwent CT scanning. The authors 
determined that 61 angiograms and 
89 air studies had been avoided by the 
CT scan results; they also found 8 
angiograms and three air studies that 
resulted from or were prompted by CT 
scan findings. The authors also stud- 
ied outpatients by sending question- 
naires to 30 clinicians who ordered 241 
outpatient CT scans. The question- 
naire answers indicated that 146 
angiograms, 126 air studies, and 140 
hospital admissions had been pre- 
vented, but eight angiograms, three 
air studies, and 28 admissions had 


ET ———5 S xD + x ro - = — a yx 
= gpm d TEL Aye. E we > z mULGEE X747 an 7 A MAG ALT” OF ere F. m* 7 Ie 2*9 = zi so b E mI OLESTIE, YT TEN. nj Jue ka SPAY 
PE ETS berg ie “AY trans RATS PET ae eRe ee TR ED Nu COE EN dd. F et 28251» FAM TUS T ie zu Ver 
"n "s E Dy Q "LE d da ace RN Ange m V 0. Lr; ’ 27 E wi ! ; mL t ^ T ^ s : 5 te 2 * 

, : 4," > / € i ^ i 


been prompted. 

As summarized in Table 2, the 
results from our predominately inpa- 
tient population are similar to those 
from the inpatient portion of the 
Toronto study. Comparing the Toron- 
to outpatient results with either Nash- 
ville or Toronto inpatient values 
reveals the paradox that this outpa- 
tient group was destined for more 
major neuroradiologie studies. Since it 
is unlikely that the outpatient group 
was more seriously ill than the inpa- 
tients at the same hospital, the 
paradox can be resolved only by 
assuming that the questionnaire 
method of evaluating this type of 
information must not be as accurate 
as the case-by-case chart review. 

The Toronto and Nashville studies 
taken together document that a num- 
ber of expensive, painful, and poten- 
tially dangerous neuroradiologic pro- 
cedures can be obviated by CT scan- 
ning. The introduction of the CT scan 
has prevented many of these major 
procedures that otherwise would have 
been performed. The present study 
further documents many instances in 
which patients benefited from CT 
scanning in other ways. Whether or 
not these conservative criteria for CT 
performance are adequate or whether 
further benefit could accrue from 
more liberal indications is a question 
which can only be answered by future 
studies. 
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Combined Nuclear and Supranuclear Defects 


in Ocular Motility 


A Clinicopathologic Study 


Thomas J. Reagan, MD, James C. Trautmann, MD 


€ A 65-year-old man suffered a mid- 
brain infarct after coronary artery bypass 
surgery. He was left with a severe neuro- 
ophthalmologic deficit consisting of pa- 
ralysis of upward and downward vertical 
gaze, weakness of adduction of the left 
eye, a dilated fixed left pupil, and partial 
right Horner's syndrome. He died 31 
months after the episode. Postmortem 
examination disclosed an infarct involv- 
ing parts of both oculomotor nuclei as 
well as supranuclear structures thought to 
be involved in the mediation of vertical 
eye movements. 

(Arch Neurol 35:133-137, 1978) 


ne. of pathologic examinations 
of the brains of patients with 
small lesions confined to the region of 
the oculomotor nuclei are uncommon. 
These cases provide a unique oppor- 
tunity to correlate clinical and patho- 
logic data and to test hypotheses 
concerning the organization of the 
oculomotor nuclei and their connec- 
tions as based on animal experiments. 
The patient presented in this report 
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had an unusual combination of nuclear 
and supranuclear defects in ocular 
motility. Postmortem examination 
confirmed the presence of lesions at 
both levels of the ocular motor 
system. 


REPORT OF A CASE 


The patient was a 65-year-old man who 
was admitted to the hospital in July 1973 
because of crescendo angina and suspected 
myocardial infarction. Coronary angiogra- 
phy disclosed significant stenosis of the 
right coronary artery, the main trunk of 
the left coronary artery, and the circum- 
flex artery. The day after this examina- 
tion, a two-vessel aorta-coronary artery 
saphenous vein bypass graft was per- 
formed. Reoperation was required the 
same day to control bleeding from a small 
coronary artery at the base of the right 
atrial appendage. The anesthesia time for 
the first operation was six hours; there was 
95 minutes of extracorporeal circulation 
with an oxygenator. The anesthesia time 
for the second surgical procedure was one 
hour and 55 minutes. 

The patient remained obtunded for the 
first three to four postoperative days. 
Ocular examination on the third postopera- 
tive day showed the eyes to be in a midline 
position, with the right pupil 1.5 mm in size 
and reactive to light and the left pupil 5 
mm in size and nonreactive to light. On 
ophthalmoscopy, the fundi were normal. 
The patient had complete left third cranial 


nerve paralysis as well as complete paral- 
ysis of conjugate vertical gaze, up and 
down, and questionable right Horner's 
syndrome. 

In addition to the ocular findings, he had 
mild paresis of the right extremities, with 
a Babinski’s sign on the right. The clinical 
impression was that he had sustained 
infarction to the high mesencephalic 
region of the brain stem. 

Over the following week, the patient’s 
mentation and alertness improved, and it 
was possible to perform a more complete 
examination. Mentation was thought to be 
normal, although he was severely dysar- 
thrie. Horner's syndrome was present in 
the right eye, with miosis and ptosis. He 
had total absence of conjugate vertical 
gaze both to voluntary effort and to 
passive movement of the head (oculoce- 
phalic reflex), together with complete left 
third cranial nerve paralysis. 

There was mild right hemiparesis, with 
hyperactive reflexes in both lower extrem- 
ities. Pain, touch, and vibratory sensation 
were normal throughout; joint sensation 
was impaired in the right arm. 

By the 24th postoperative day, he could 
walk with a walker; the ocular palsies were 
unchanged except for partial recovery of 
the ptosis of the left lid. He was dismissed 
to home care on the next day. 

Visual acuity two months after the 
stroke episode, with correction, was 20/50, 
14/21 in the right eye and 20/20, 14/21 in 
the left eye. The right pupil was 2 mm in 
size and reactive to light and the left pupil 
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Fig 1.—Left, Gross appearance of infarct at autopsy showing cystic necrosi 
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regions. Right, Extension of necrosis through right periaqueductal area into posterior diencephalon. 


was 5 mm in size, with a minimal reaction 
to light (direct and consensual) and to 
accommodation. Visual fields and fundi 
were normal except for grade 1+ hyper- 
tensive arterial narrowing and grade 2 
sclerosis. There was no ptosis of either lid; 
the left eye was divergent approximately 
15°. Conjugate vertical gaze was totally 
absent, and there was moderate paresis of 
the left medial rectus muscle. 

Oeular examination in November 1975 
showed no change. He had improved in gait 
and speech and had sustained no additional 
neurologic insults. 

He was rehospitalized in May 1975 for 
chronic heart failure and progressive renal 
failure and died in March 1976 of a myocar- 
dial infarction in end-stage renal failure. 


RESULTS OF 
POSTMORTEM EXAMINATION 
General 


Significant pathologic findings out- 
side the CNS were severely contracted 
granular kidneys with  arteriolar 
nephrosclerosis, severe coronary ath- 
erosclerosis with an old posterior wall 
infarct, extensive subendocardial fi- 
brosis, and pericardial and pleural 
adhesions. The aorta-coronary artery 
saphenous vein grafts were patent. 


Nervous System 


The external appearance of the 
brain was normal, and there was 
moderate atherosclerosis of the carot- 
id, vertebral, and basilar arteries, with 
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no occlusions. The left oculomotor 
nerve was gray and atrophic. 

Coronal sections of the cerebrum 
showed small (1 cm) old cystic infarcts 
in the left anterior limb of the 
internal capsule and putamen. 

On sectioning of the midbrain, an 
area of old infarction was found in the 
tegmentum and oculomotor nuclear 
area bilaterally (Fig 1, left). At the 
level of the caudal half of the nucleus, 
the infarct involved primarily the left 
side. Rostrally, the lesion crossed the 
midline to the right to involve the 
right oculomotor nucleus and lateral 
periaqueductal gray matter. It contin- 
ued rostrally on the right side into the 
posterior diencephalon medial to the 
nucleus centrum medianum of the 
thalamus and ventral to the habenular 
nucleus (Fig 1, right). 

The midbrain, from the caudal 
border of the inferior colliculi to the 
level of the posterior commissure, was 
embedded in three blocks and sec- 
tioned serially in 15-um sections 
(except for initial 6-um sections 
stained with hematoxylin-eosin). Ev- 
ery 10th to 20th section was stained 
with Luxol fast blue-cresyl violet, and 
oecasional sections were stained by 
the Holzer method for glial fibers. 

Microscopic examination disclosed 
that the inferior colliculi were normal. 
At this level, the infarct involved the 


left lateral border of the decussation 
of the brachium conjuctivum and the 
medial portion of the medial lemnis- 
cus. The superior colliculi were normal 
throughout their extent. At the caudal 
superior collicular level, the right 
oculomotor nucleus was normal. The 
infarct destroyed all but a small group 
of cells in the ventromedial portion of 
the left oculomotor nucleus. Ventro- 
lateral to the nucleus, the medial 
longitudinal fasciculus, fibers of the 
oculomotor nerve, red nucleus, bra- 
chium conjunctivum, and medial lem- 
niscus were severely damaged, but 
numerous myelinated fibers in the 
left oculomotor nerve were still intact 
(Fig 2). 

At the  midcollicular level, the 
infarct was similarly distributed, still 
sparing a small ventromedial zone of 
the left nucleus and far ventrally 
beginning to cross the right medial 
longitudinal fasciculus (Fig 3). More 
rostrally, the left oculomotor nucleus 
was completely destroyed and gliotic. 
On the right side, the infarct crossed 
the entire extent of the oculomotor 
nucleus and passed into the lateral 
periaqueductal gray matter and adja- 
cent tegmentum. A cap of small 
ganglion cells overlying the dorsal 
surface of the right oculomotor nu- 
cleus was spared. 

On the left side, moderate damage, 
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with neuronal loss and gliosis, contin- 
ued through the pretectal region to 
the rostral pole of the red nucleus, 
with complete demyelination of the 
dentatorubrothalamic tract. 

On the right side, the cystic infarct 
passed rostrally through the periaque- 
duct and adjacent tegmental region to 
the posterior medial thalamus, just 
medial to the nucleus centrum me- 
dianum of the thalamus and anterior 
to the habenular nucleus. In its 
passage, it destroyed the regions of 
the nuclei of Cajal and Darksche- 
witsch, the fasciculus retroflexus, and 
the interstitial nucleus of the poste- 
rior commissure. The posterior com- 
missure showed moderate gliosis 
(Fig 4). 


COMMENT 


The patient presented here had two 
different types of disturbances of 
ocular motility. First, he had paralysis 
of most of the muscles innervated by 
the third cranial nerves bilaterally. 
Second, he had a profound palsy of 
vertical gaze in both upward and 
downward direction. 

With respect to the first type of 
disorder, it is interesting to attempt 
to correlate his clinical disturbance 
and pathologic findings with the plan 
of organization of the oculomotor nu- 
cleus described by Warwick. This 
pattern has been convincingly pre- 
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Fig 2.—Left, Section through lower su- 
perior collicular level showing lesion in left 
oculomotor area. Right, Enlargement of 
inset. Note sparing of ventromedial cell 
group of left oculomotor nucleus (Luxol- 
fast blue-cresy! violet; original magnifica- 
tion x 4). 





Fig 3.—Section through midsuperior collicular level showing sparing of ventromedial cell 
group on left as well as extension of lesion into right medial longitudinal fasciculus 
(Luxol-fast blue-PAS). 


sented as being the correct topo- 
graphie disposition of the oculomotor 
neurons in the primate. The levator 
palpebrae muscles, though transiently 
involved, were functioning normally 
during the last two years of his life. 
These muscles are represented bilat- 
erally in the central caudal nucleus 
and would have been spared in the 
caudal portion of the infaret, which 
passed ventrally and laterally through 


the left side of the oculomotor nuclear 
complex. The only other part of the 
oculomotor nucleus spared on the left 
side was a group of ganglion cells 
situated medially and medioventrally 
in the caudal to middle portion of the 
nucleus. The more ventral neurons in 
this group would correspond to neu- 
rons to the medial rectus muscle, 
which would explain partial sparing of 
adduction of the left eye. The more 
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dorsal neurons would give rise to 
axons to the superior rectus muscle of 
the right eye. This will be considered 
in more detail below. | 

On the right side, the caudal half of 
the nucleus was spared. Thus, some of 
the neurons serving all four oculomo- 
tor-innervated muscles should have 
been spared, including the superior 
rectus innervation of the left eye. In 
fact, however, only the right medial 
rectus function was spared. In addi- 
tion, the right pupil reacted directly 
and consensually to light, whereas the 
left did not. This may be related to the 
sparing of a cap of small ganglion 
cells, corresponding to the right Edin- 
ger- Westphal nucleus, over the other- 
wise destroyed rostral end of both 
oculomotor nuclei. The small pupil on 
the right may be explained by involve- 
ment of descending sympathetic path- 
ways by extension of the infarct into 
the posterior diencephalon. 

Despite sparing of the trochlear 
nuclei and nerves and at least some 
neurons corresponding to the superior 
rectus muscles bilateraly and the 
inferior oblique and inferior rectus on 
the right, the patient was incapable of 
vertical eye movement on either side. 
In addition, oculocephalic reflexes in 
the vertical plane were absent, a sign 
often said to be indicative of nuclear 
paralysis of vertical eye movements. 
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Bilateral loss of superior rectus 
funetion can theoretically be caused 
by a lesion in one caudal oculomotor 
nucleus.’ Such a lesion could damage 
the nerve cell bodies serving the 
contralateral superior rectus and the 
axons from the contralateral superior 
rectus nucleus passing to the ipsilat- 
eral third nerve. However, the lesion 
in our patient was more lateral in the 
left caudal nuclear complex than the 
position usually assigned to the 
superior rectus nucleus. In addition, 
there was no pathologie evidence of 
retrograde degeneration of neurons in 
the right nucleus at this level; such 
degeneration would have been ex- 
pected if their axons had been inter- 
rupted so close to the cell bodies. 

Paralysis of vertical gaze, especially 
upward, has been classically asso- 
ciated with lesions in the region of the 
superior colliculi. Despite a great deal 
of evidence to the contrary, the func- 
tion of integrating vertical gaze is still 
assigned by some to the colliculi them- 
selves. Experimental confirmation of 
the hypothesis is lacking. Destruction 
of the colliculi in the primate is not 
associated with disturbances of 
gaze.** Nor are vertical eye move- 
ments obtained with stimulation of 
the colliculi.’ In keeping with these 
observations, as well as numerous 
other clinicopathologic studies in man, 





Fig 4.—Left, Section through posterior commissure level showing extension of infarct into right periaque- 


ductal gray and lateral fibers of posterior commissure (Luxol-fast blue-cresyl violet). Right, Holzer stain 
showing gliosis of fibers of posterior commissure. 


the superior colliculi in our patient 
were normal. 

Vertical eye movements can be 
obtained occasionally by single point 
stimulation in the midbrain and 
pontine tegmentum in or close to the 
midline. More often, bilateral simulta- 
neous stimulation of the midbrain and 
the pontine reticular formation near 
the midline is required. Similarly, 
paralysis of vertical gaze has been 
produced in monkeys only with bilat- 
eral lesions in the paramedian rostral 
midbrain tegmentum or in the pretec- 
tal area involving the interstitial 
nucleus of the posterior commissure or 
with a single lesion in the commissure 
itself.^ The dissociation between up- 
ward and downward gaze is striking 
in all these experiments, upward gaze 
being frequently affected alone but 
downward gaze being uncommonly 
affected and never alone. It is of 
interest that in these monkeys, as in 
our patient, vertical oculocephalic re- 
flexes are abnormal or absent. 

Most reported lesions in humans 
that affect vertical gaze are also bilat- 
eral, at least in their effects.’ How- 
ever, there are reports of vertical 
paralysis in humans with unilateral 
midbrain lesions. Hatcher and Klint- 
worth* reported on a patient with 
permanent paralysis of upward gaze 
after a midbrain infarct. The lesion 
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thought to be responsible for the 
syndrome was on the right side of the 
aqueduct, extending rostrally to in- 
volve fibers entering the posterior 
commissure. An additional lesion was 
present in the left medial longitudinal 
fasciculus. 

Nashold et al*'^ produced paralysis 
of upward gaze in 13 of 16 patients in 
whom unilateral stereotactic spino- 
thalamie and quintothalamie tracto- 
tomies were performed for pain. 
Downward gaze was impaired in ten 
patients. Vertical oculocephalie re- 
flexes were impaired in all, and Bell's 
phenomenon was absent in all but 
three patients, despite the presumed 
absence of oculomotor nucleus or 
nerve lesions. The lesion in these 
patients was calculated to be 6 to 8 
mm wide from the lateral periaque- 
ductal border to the spinothalamic 
region and 5 mm long extending 
rostrally from just below the level of 
the posterior commissure. The de- 
scription corresponds closely to the 
right-sided rostral extension of the 
lesion in our patient except that in our 
patient, the lesion was more medially 
situated, sparing the spinothalamic 
region, and extended more rostrally. 

Paralysis of downward gaze is much 
rarer both experimentally and clini- 
cally. When it occurs, it is almost 
always associated with paralysis of 
upward gaze as in the cases already 
cited. Cogan" presented the clinical 
features of 30 patients with down- 
ward-gaze paralysis associated with a 
variety of CNS diseases. Most pa- 
tients had widespread CNS disorders, 
with predominant  extrapyramidal 
system involvement and so localiza- 
tion of the lesion responsible for 
paralysis of downward gaze was 
impossible. Postmortem examination 
was performed on one patient with a 
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brain stem infarct. The relevant lesion 
was located between and dorsal to the 
oculomotor nuclei. Extension bilater- 
ally to the region lateral to the thal- 
amus was noted. Although no details 
are given, one could assume that this 
extension must have followed a lateral 
periaqueductal course similar to the 
right-sided lesion in our patient. 
Jacobs et al? reported a case of down- 
ward-gaze paralysis with normal up- 
ward gaze. The downward oculo- 
cephalic reflex, convergence, and pu- 
pillary light reflex were also impaired. 
The lesion was an infarct involving 
rostral midbrain and diencephalic 
structures. The authors believed that 
the part of the lesion relevant to 
downward gaze paralysis was bilat- 
eral infarction of the rostral Edinger- 
Westphal nucleus and region of the 
fasciculus retroflexus medial and dor- 
sal to the red nucleus. Included in the 
series of Nashold and Gills* was one 
patient with a movement disorder 
who had a lesion in the prerubral field 
and red nucleus on one side; there was 
loss of conjugate downward gaze that 
cleared in three months. 

Nittner and Petrovici'? reported on 
a patient in whom bilateral stereo- 
tactie coagulation of the interstitial 
nucleus of Cajal was performed for 
retrocollis. The result was palsy of 
vertical gaze, both upward and down- 
ward. There was no comment on Bell's 
phenomenon. 

The lesions in our patient are 
consistent with the localization in 
previous human cases and the lesions 
produced in monkeys by Pasik and 
Pasik,* which caused both upward and 
downward conjugate paralysis. On the 
right side, the cystic lesion passed 
through both the interstitial nucleus 
of the medial longitudinal fasciculus 
(Cajal) and the lateral fibers of the 


posterior commissure and fasciculus 
retroflexus dorsomedial to the red 
nucleus. On the left side, these areas 
were partially involved and their 
contribution to the defect could not be 
assessed with certainty. 


Don Beinfang, MD, and Shirley Wray, MD, of 
the Massachusetts Eye and Ear Infirmary 
provided helpful suggestions in the preparation 
of this manuscript. 
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Glissadic Overshoots Are Due to 
Pulse Width Errors 


A. Terry Bahill, PhD; Frederick K. Hsu, MS; Lawrence Stark, MD 


e Glissades are the slow, gliding eye 
movements often appended to the end of 
human saccadic eye movements. They 
have been used as an aid in diagnosing 
disease states, eg, multiple sclerosis and 
vascular lesions. Glissades are a conse- 
quence of a mismatch between the sizes 
of the pulse and step components of the 
pulse-step motoneuronal controller sig- 
nals. This physiological and simulation 
study shows that glissadic overshoot is 
caused by pulse width errors and not by 
pulse height errors. This implies that the 
CNS can control the firing frequencies 
and recruitment of motoneurons more 
precisely than it can control the duration 
of the high-frequency motoneuronal sac- 
cadic burst. 

(Arch Neurol 35:138-142, 1978) 


lissades are the slow, gliding 
movements sometimes ap- 
pended to the end of normal human 
saccadic eye movements. Their fre- 
quency of occurrence in normal sub- 
jects is increased by fatigue.’ 

Several recent papers^^ have sug- 
gested that the existence of glissades 
could be used to aid in diagnosing 
internuclear ophthalmoplegia. In 
these patients, there is a glissadic 
undershooting of the adducting eye 
and a concommitant glissadic over- 
shooting of the abducting eye. Some- 
times there is abduction nystagmus. 
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However, normal subjects can also 
exhibit these same eye tracking 
patterns.* So there is clinical interest 
in the etiology of glissades, as well as 
the evident physiological interest. 

The cause of glissades has been the 
subject of previous speculation. Da- 
roff and his group'? named glissades 
and suggested that they were zero- 
latency, monocular corrective move- 
ments and products of a prenuclear 
feedback system. Later, it was sug- 
gested that a glissade was probably 
due to an error in the magnitude of 
the firing rate, comprising the pulse 
portion of the motoneuronal pulse- 
step controller signal.'^" This moto- 
neuronal control signal consists of two 
portions: first, the phasic or pulse 
component, characterized by a high- 
frequency burst of motoneuronal ac- 
tivity for the agonist and an inhibi- 
tion of motoneuronal activity for the 
antagonist; and secondly, the tonic or 
step component, the steady state 
neuronal firing rate. For normal-sized 
saccades, the duration of the pulse 
component is about one half the dura- 
tion of the saccade." This pulse 
component is responsible for the large 
forces that rapidly move the eye from 
one position to another. The step 
component holds the eye in its new 
position. Bahill et al showed that 
glissades could be caused by errors in 
either the pulse or the step portions of 
the motoneuronal controller signal. 
This allowed a 13-fold way for saccad- 
ic-glissadic interactions (Fig 1). This 
present report investigates the neuro- 
physiological origins of one of these 13 
possibilities: glissadic overshoot due to 
a pulse error (type H, Fig 1). 


MATERIALS AND METHODS 


Computer models are often used to study 


complex neurological systems because it is 
easier, cheaper, safer, and quicker to 
manipulate internal parameters of a model 
than to alter the internal parameters of a 
human or an animal. Furthermore, direc- 
tions for new neurophysiological experi- 
ments can usually be suggested by the 
modeling results. The modeling data of this 
report were performed on the Reciprocal 
Innervation Model for human eye move- 
ments (Fig 2). This model was justified 
qualitatively by comparing shapes of 
human and model saccadic and vergence 
eye movements, quantitatively by compar- 
ing the Main Sequence (peak velocity, 
magnitude, duration) relationships of hu- 
man and model saccadic and vergence eye 
movements, analytically by doing a sensi- 
tivity analysis, and heuristically by simu- 
lating eye movements that the model was 
not designed to simulate.'** The model has 
faithfully emulated all eye movements that 
we have attempted to simulate." 
Therefore, confidence in this model is justi- 
fied. 

The photoelectric method of eye move- 
ment measurement was used for gath- 
ering the human data. An important part 
of the data analysis was the definition of 
saccadic magnitude. For overshooting sac- 
cades, we defined saccadic magnitude as 
the angle transversed from the original 
starting position to the peak of the over- 
shoot (from foot to peak). The instrumental 
bandwidth extended from 0 to at least 500 
Hz. The system was linear for 20 degrees. 
However, computer processing and careful 
calibration allowed accurate quantification 
of larger saccades. Saccades as small as 
three minutes of arc have been recorded on 
this equipment. 

The normalitive human data, small dots 
in the Main Sequence diagrams, and the 
experimental details for their collection 
have been previously reported. ^'^ They 
were collected from one normal subject. 
Data from seven other subjects were 
subsequently collected. This later data 
could be superimposed on the original data. 
No other subject was studied over such a 
large range and in such detail. The glas- 
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Fig 1.—Thirteen-fold way, showing all saccadic-glissadic interactions 
that are possible due to mismatches of pulse and step portions of 
motoneuronal controller signals. These illustrations were made to 
clearly demonstrate the glissades that are slow gliding movements 
after main large saccade. Naturally occurring glissades in unfatigued 
normal subjects are usually not this large. 


Pulse 


Correct 





Fig 2.—Two reciprocal innervation models for human eye movement 
system—Descartes’ 1626 model and our 1976 model. The top figure 
shows Descartes’ basic concept of reciprocal action of extraocular 
muscles: Descartes thought that muscles were like balloons; when 
inflated, they would be short and fat, when deflated, they would be 
long and thin. Pipes, representing nerves, were used to pump fluid in 
and out of muscles. Shortening of agonist together with lengthening 
of antagonist produces eye movements. Bottom figure shows ideal 
mechanical elements used for modelling plant. Globe and 
surrounding tissues were modelled by effective inertia (J,), a viscous 
element (B,) and a passive elasticity (K,). Each muscle was modelled 
by active state tension generator, F,,, for the agonist and Faxr for 
the antagonist, nonlinear dashpot (NL-FV) representing nonlinear 
force-velocity relationship, series elasticity (K,), and parallel elas- 
ticity that was combined with passive elasticity of globe to form (K,). 
Active state generator converts oculomotoneuronal firing into force 
through first order activation-deactivation process. Controller 
signals (CS,, and CS...) represent aggregate activity of all of 
motoneurons in agonist and antagonist motoneural pools. 





sadic data are for two subjects: the original 


subject and one subsequent subject. In- 
formed consent was obtained from the 


experiment and the equipment was ex-. 


plained to the subject. 


RESULTS 


There are two obvious ways of 
making the pulse portion of the 
motoneuronal controller signal too 
large, thus mismatching the pulse and 
step components of the controller 
signal and producing type H glissadic 
overshoot: the pulse could be either too 
wide or too high. Both of these possi- 
bilities were tried in the model. The 
resulting mismatched saccades had 
similar qualitative shapes but differ- 
ent quantitative Main Sequence Mea- 
surements. | 

Figure 3 shows (with dotted lines) 
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ideal 10-degree saccades, with no 
mismatch of the pulse and step compo- 
nents and (with solid lines) mis- 
matched 12-degree saccades with 2- 
degree glissades appended. These 
mismatched saccades were produced 
by making the pulse portions of the 
agonist controller signals too large. 
For simplicity, the antagonist control- 
ler signals were not altered. The final 
eye positions were the same because 
the tonic firing rates of the motoneu- 
rons (the step portions of the control- 
ler signals) were the same. The 
mismatched saccade (solid lines) of 
Fig 3-PW was produced by increasing 
the pulse width of an ideal 10-degree 
saccade from 20 to 26 msec. This pulse 
width was the only parameter that 
was different in the controller signals 
for the 10- and 12-degree saccades of 


Fig 3-PW. The mismatched saccade 
(solid lines) of Fig 3-PH was produced 
by increasing the pulse height of an 
ideal 10-degree saccade from 87 to 120. 
The pulse height was the only param- 
eter that was different in the two 
controller signals of Fig 3-PH. Thus, 
Fig 3 shows that eye movements that 
qualitatively look like human glis- 
sades could be created by making 
either the pulse width or the pulse 
height too large. However, quantita- 
tively, these eye movements differed: 
the peak velocity of the pulse width 
mismatched saccade (Fig 3-PW) was 
smaller than the peak velocity of the 
pulse height mismatched saccade (Fig 
3-PH), although they were both 12- 
degree saccades. In order to gain 
further insight into the neurological 
control of saccades, these mismatched 
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Fig 3.—ldeal 10-degree saccades (dotted lines) and mismatched 12-degree saccades, with 2-degree glissades appended (solid lines). 
Mismatched saccades were created by increasing only pulse width (PW) or only pulse height (PH) of agonist controller signals. Shown 
from top to bottom, as functions of time, are eye position, eye velocity, and the pulse-step motoneuronal controller signals that represent 
average firing rates of all motoneurons in agonist and antagonist motoneuronal pools. For simplicity, no time delay is shown between 
onset of motoneuronal activity and onset of movement, and corners of motoneuronal controller signals are not rounded by activation 
and deactivation time constants. Each record represents 500 msec. 
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Fig 4.—ldeal 12-degree saccades (do:ted lines) and same mismatched 12-degree saccades, with 2-degree glissades appended (solid 
lines). Velocity traces show that pulse width errors (PW) produce smaller saccadic peak velocities, while pulse height errors (PH) 
produce larger saccadic peak velocities. 
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Fig 5.—Linear Main Sequence diagram showing that naturally occurring human 
saccades with glissadic overshoot (type H of Fig 1) have reduced saccadic peak 
velocities just as pulse width mismatched saccades from model have. Shown are normal 
human saccades (dots), human mismatched saccades (triangles), model pulse width 
mismatched saccades (PW), model pulse height mismatched saccades (PH), and model 
ideal 12-degree saccades (l). 
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Fig 6.—Log-Log Main Sequence diagram showing that over range of 5 to 50 degrees, 
naturally occurring human saccades with glissadic overshoot (type H), shown with 
triangles, have reduced peak velocities. 
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12-degree saccades were next com- 
pared to ideal 12-degree saccades. 
Figure 4 demonstrates this compari- 
son. 

Figure 4 shows (with dotted lines) 
ideal 12-degree saccades, and (with 
solid lines) the same movements as 
the solid lines of Fig 3, ie, mismatched 
12-degree saccades, with 2-degree 
glissades appended. The important 
traces in Fig 4 are the velocity traces. 
The peak velocity of the 12-degree 
pulse width mismatched saccade (Fig 
4-PW) was 518 degrees/sec, which was 
smaller than the 560 degrees/sec peak 
velocity of an ideal 12-degree saccade. 
In eontrast, the peak velocity of the 
12-degree pulse height mismatched 
saccade (Fig 4-PH) was 612 degrees/ 
sec, which was larger than the 560 
degrees/sec peak velocity of an ideal 
12-degree saccade. 

These peak velocities are indicated 
with the symbols PW, PH, and I on 
the linear peak velocity Main Se- 
quence diagram of Fig 5. Normal 
human saccades are indicated with 
dots. Therefore, actual human mis- 
matched saccades with glissadic over- 
shoot (type H) should have either 
unusually low peak velocities, if they 
were produced by pulse width errors, 
or else exceptionally high peak veloci- 
ties, if they were produced by pulse 
height errors. 

Human saccades with  glissadic 
overshoot actually had unusually low 
peak velocities. Figure 5 shows normal 
human saccades, indicated with dots, 
and human mismatched saccades 
(type H) with glissadic overshoot due 
to oversized pulse components, indi- 
cated with triangles. The peak veloci- 
ties of these mismatched saccades 
were smaller than the peak velocities 
of normal saccades, just as in the pulse 
width error mismatched saccades of 
the model. 

This implies that in normal human 
eye movements with glissadic over- 
shoot due to the pulse being too large, 
the error is caused primarily by the 
brain’s mistake in computing the 
pulse width and not the pulse height. 
One implication of this is that normal 
human glissades are not caused by 
peripheral disturbances but are 
caused by the CNS circuits that 
produce the pulse width. 
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Figure 6 shows the more usual log- 
log Main Sequence diagram, with 
normal and mismatched (type H) 
human saccadic eye movements plot- 
ted. It confirms that in humans 
without disease, saccades with glis- 
sadic overshoot had smaller than 
normal peak velocities for saccades in 
the range of 5 to 50 degrees. For 
smaller saccades, this may not be 
true. 


COMMENT 


Our theory that glissades are caused 
by pulse width errors has been demon- 
strated only for large saccades with 
glissadic overshoot (type H) in normal 
subjects. However, three cases have 
been reported where the patients may 
have used central adaptation to com- 
pensate for a peripheral deficit (a 
unilateral abducens nerve paralysis). 
The resulting eye movements of these 
patients look like saccades with glis- 
sadic overshoot (type H). The findings 
of our report would imply that these 
patients had changed the pulse by 
making a pulse width adaptation 
(they also changed the step size). It is 
also probable that the characteristic 
eye movement patterns of patients 
with intranuclear ophthalmoplegia 
are manifestations of CNS pulse 
width adaptations compensating for 


pathological states.'^ Generalizing, the 


CNS control of duration is more flex- 
ible than the eontrol of motoneuronal 
frequency or recruitment. This pro- 
duces more errors of duration in 
normal subjects but also allows for 
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adaptive control in pathological pa- 
tients (perhaps via the cerebellum). 

This prediction that pulse width and 
not pulse height errors are the cause 
of glissadic overshoot provides insight 
into the neurophysiological control 
circuits for saccadic eye movements. 
It implies that it may be more diffi- 
cult for the CNS to accurately control 
the motoneuronal burst duration 
(pulse width), than the motoneuronal 
firing frequencies and number of 
motoneurons recruited (pulse height). 

In the sensitivity analysis of the 
model,'' it was also shown that errors 
in the pulse width and not the pulse 
height should be responsible for glis- 
sadic overshoot. This sensitivity anal- 
ysis individually varied each of the 
model’s internal parameters and re- 
corded the effects on an ideal 10- 
degree saccade. It showed that in- 
creasing the pulse height from its 
nominal value produced increases in 
both saccadic amplitude and saccadic 
peak velocity. However, increases in 
the pulse width produced an increase 
in only saccadic amplitude. These are 
precisely the findings of this present 
report. 

These reports have shown that glis- 
sadic overshoots (type H) could be due 
exclusively to pulse width errors but 
not exclusively to pulse height errors. 
The possibility that they could be due 
to a combination of pulse height and 
pulse width errors was found to be 
unlikely but was not ruled out by the 
data of these reports. 


The sensitivity analysis also 
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Computerized Tomography 
and Auditory-Evoked Potentials 


Use in the Diagnosis of Olivopontocerebellar Degeneration 


John Gilroy, MD, FRCP(C), George E. Lynn, PhD 


e The pneumoencephalogram has 
been the only diagnostic test available to 
confirm the diagnosis of olivopontocere- 
bellar degeneration during life. This study 
suggests that pneumoencephalography 
may be obsolete and that the diagnosis of 
olivopontocerebellar degeneration may 
be established by abnormalities seen 
during computerized tomography (CT) 
and by abnormal responses to auditory- 
evoked potentials (AEPs). The combina- 
tion of CT scans and AEPs provides a 
completely nontraumatic method of diag- 
nosis in olivopontocerebellar degenera- 
tion and eliminates the need for pneu- 
moencephalography. 

(Arch Neurol 35:143-147, 1978) 


he diagnosis of olivopontocere- 

bellar degeneration has followed 
a stereotyped course in the past. 
Patients have a history of progressive 
ataxia and dysarthria, occasionally 
beginning in late childhood or adoles- 
cence but sometimes delayed until 
adult life. Other family members are 
often involved, suggesting an auto- 
somal dominant or occasionally an 
autosomal recessive trait. The diag- 
nosis has been established by pneu- 
moencephalography with demon- 
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strated atrophy of the brain stem and 
cerebellum and enlargement of the 
prepontine cistern and fourth ventri- 
cle. 

The following cases are presented 
to illustrate that the diagnosis may be 
established by computerized tomogra- 
phy (CT) and auditory-evoked poten- 
tial (AEP) studies. This would elimi- 
nate the use of pneumoencephalogra- 
phy, admittedly a study of low risk but 
which is an unpleasant procedure for 
the patient. 


AUDITORY-EVOKED POTENTIALS 


Auditory evoked brain stem poten- 
tials were recorded with conventional 
EEG disk electrodes with monaural 
click stimuli in each ear at 76, 80, or 86 
dB hearing levels. Collodion was used 





to fix the electrodes to the vertex of 
the scalp and mastoid ipsilateral to the 
stimulated ear. A total of 1,024 clicks 
was presented by a shielded earphone 
at a stimulus rate of 11/sec. The EEG 


Normal Peak Latencies of Auditory 
Evoked Brain Stem Potentials* 


Relative 

to Wave ! 
m 
Wave Mean 


Relative 
to Click Stimuli 
rma Aa 
Wave Mean 


*Obtained monaurally at 75-dB hearing level. 


Fig 1.—CT scan shows severe atrophy of cerebellum (left) and brain stem (right) with 
enlargement of fourth ventricle and quadrigeminal and ambiens cisterns. 
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response was filtered with a band- 
pass of 150 to 3,000 Hz amplified 
200,000 times and delivered to a 
signal-averaging computer (Nicolet, 
CA-1000) for summation and averag- 
ing. The computer time base trig- 
gered by each click was 10.24 msec and 
consisted of 256 data points with a 
sampling rate of 40 usec. Two trials 
were obtained for each averaged 
response and a permanent record of 
the evoked potentials was recorded by 
an X-Y plotter. 

Seven distinct waves occur in the 
normal evoked response within the 
first 10 msec following the stimulus 
with amplitudes less than 1.0 uV. 
These potentials represent sequential 
electrical activity along the auditory 
pathways in the brain stem. Studies 
with experimental lesions in the cat 
with depth and surface electrodes and 
various clinical reports** indicate that 
the neural generators of these waves 
are the peripheral auditory nerve 
(wave I), the region of the cochlear 
nuclei (wave II) at the medullopontine 
junction, superior olivary complex 
(wave III) in the caudal pons, the 
nuclei of the lateral lemniscus (wave 
IV), and the inferior colliculus (wave 
V) in the rostral pons and caudal 
midbrain. The source of waves VI and 
VII has not been confirmed from 
animal studies, but clinical data sug- 
gest the generators of these responses 
may be located in the region of the 
thalamus (wave VI) and the auditory 
radiations (wave VII) that course to 
the receptive areas on the temporal 
cortex.’ 

Normative peak latency reference 
data obtained with the signal aver- 
aging computer from 15 norma -hear- 
ing, young, adult subjects at a 75-db 
hearing level are shown for these 
waves in the Table. Wave I usually 
occurred about 1.5 msec after stimulus 
followed by the brain stem waves II 
through V at approximately 1.0 msec 
intervals with SDs ranging from .09 to 
.28 msec. Waves VI and VII usually 
followed wave V with intervals of 
about 1.5 msec. 


REPORT OF CASES 


CasE 1.—A 36-year-old man was seen in 
August 1975, with a four-year history of 
progressive difficulty in walking. His 
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Fig 2.—Auditory evoked brain stem potentials showing abnormally delayed waves II and 
Ill, reduced voltage levels, and distorted wave morphology indicating abnormal evoked 
electrical activity in region of cochlear nuclei at medullopontine junction and superior 
olives in caudal pons, bilaterally. Normal response is shown at top for comparison. HL 
indicates hearing level. 


Fig 3.—CT scans (left and right) show dilatation of fourth, third, and lateral ventricles. 
There is some cortical atrophy. Brain stem is small, and quadrigeminal and superior 
cerebellar cisterns are enlarged. 
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condition had progressed steadily and he 
had fallen on several occasions. He also 
complained of increasing difficulty with 
speech and stated that people had diffi- 
culty understanding him. 

The family history indicated that his 
father and sister had suffered progressive 
difficulty in gait and the father was now 
confined to a nursing home. 

The general physical examination re- 
sults were normal. The neurological exami- 
nation showed a severe degree of dysar- 
thria and evidence of a mild dementia with 
some impairment of judgment, insight, 
retention, recall, visual recognition, and 
visual abstraction. This was confirmed by 
neuropsychological testing. The cranial 
nerve examination showed normal fundi 
and disks, but there was marked jerkiness 
of eye movements with coarse nystagmus 
in all directions of gaze. There were no 
abnormalities in muscle power or develop- 
ment. Coordination testing showed consid- 
erable slowing of rapid alternating move- 
ments, bilateral dysmetria, and bilateral 
intention tremor. The gait was wide based 
and severely ataxic, and he could not walk 
without assistance. Sensation was intact to 
touch, pin prick, and vibration sense, but 
position sense was reduced in the toes. The 
muscle stretch reflexes were greatly 
increased bilaterally in the lower limbs and 
there was a bilateral extensor plantar 
response. 

A CT sean showed enlargement of the 
fourth ventricle with prominence of the 
quadrigeminal and ambiens cisterns. The 
brain stem was small, and there was 
atrophy of the cerebellum (Fig 1). This 
finding was compatible with olivopontocer- 
ebellar degeneration. A pneumoencephalo- 
gram showed similar findings. 

The AEPs obtained with click stimula- 
tion of each ear are shown in Fig 2, 
together with a response from a normal 
subject for comparison. Peak latency of 
wave I relative to the stimulus onset was 
1.56 and 1.48 msec for the right and left 
ears, which were within normal limits and 
consistent with the patient’s normal audio- 
gram obtained before the AEP recording. 
Wave II latency relative to wave I was 1.48 
msec for the right ear and 1.52 msec for the 
left, which represents a slight conduction 
delay of about 2 SDs in the region of the 
cochlear nuclei. Latency of wave III was 
also slightly delayed following wave II 
suggesting further slowing of conduction 
in the region of the superior olivary 
complex. However, the response latency of 
wave V relative to wave III was within 
normal limits. Wave IV was fused with 
wave V and, because this is often seen in 
recordings from normal subjects, the 
absence of wave IV in this case in a region 
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Fig 4.—Auditory evoked brain stem potentials show reduced voltage levels from eighth 
nerve and cochlear nuclei bilaterally. Latency of wave III from superior olivary complex is 
abnormally delayed. Findings indicate abnormal evoked electrical activity from region of 
medullopontine junction and caudal pons, bilaterally. Normal response is shown at top 
for comparison. HL indicates hearing level. 


Fig 5.—CT scan shows considerable cerebellar atrophy (right). Brain stem is small and 
there is enlargement of quadrigeminal, ambiens, and superior cerebellar cisterns 
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Fig 6.—Auditory evoked brain stem potentials show a normal eighth nerve response and 
prolonged interwave latencies for waves Il through V and decreased voltage levels. 
Findings indicate slowed conduction along auditory pathways from cochlear nuclei at 
medullopontine junction to inferior colliculi in caudal midbrain. Normal response is 
shown at top for comparison. HL indicates hearing level. 


where interwave latencies were normal is 
probably not significant. The mild, yet 
significant, delay of waves II and III 
caused total conduction time from the 
eighth nerve (wave I) to the inferior collic- 
ulus (wave V) to be abnormal (4.32 and 4.48 
msec.) for the right and left ears. 

Voltage levels for all of the components 
in the response were reduced. Wave 
morphology showed some distortion, par- 
ticularly in waves II and III, such as flat- 
tening of some of the peaks and the 
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presence of small peaks or bumps superim- 
posed on the overall wave configurations. 
The auditory evoked brain stem poten- 
tials recorded in this patient with normal 
hearing revealed a slight decrease in 
conduction velocity localized to the level of 
the cochlear nuclei on the dorsolateral 
surface of the pontomedullary junction, 
and the region of the superior olives in the 
caudal pons, right and left. Conduction 
time between higher level centers of the 
pons and midbrain (waves III and V) 


remained normal. Total conduction time 
from the eighth nerve to the inferior collic- 
ulus in the midbrain was abnormal because 
of the delay in conduction in the caudal 
pons. These electrophysiological findings 
indicate bilateral brain stem disease in the 
region of the cochlear nuclei at the ponto- 
medullary junction of the brain stem and 
superior olivary region of the caudal 
pons. eis 
Case 2.—A 65-year-old woman was seen 
in July 1976. She had noticed increasing 
difficulty in handling objects and feeding 
herself because of tremor of the hands and 
upper limbs of 18 months’ duration. This 
had been associated with progressive diffi- 
culty with gait to the point where she had 
to use a four-point cane when walking. 
Results of the general physical examina- 
tion were normal. The neurological exami- 
nation showed a mild degree of dementia 
with disorientation to time, impairment of 


judgment, little knowledge of current- 


events, and impairment of retention, 
recall, and recent memory. There was a 
mild dysarthria. The cranial nerve exami- 
nation showed normal findings and there 
was no nystagmus. The motor system 


showed weakness in both upper limbs in all . 


muscle groups; the strength in the lower 
limbs was normal. There was a severe 
intention tremor bilaterally with dysmet- 
ria, more marked on the left side. The gait 
was ataxic, and the patient had a tendency 
to fall backwards; she showed a marked 
truncal ataxia when seated. Sensation was 
intact to touch, pin prick, vibration, and 
position sense. The muscle stretch reflexes 
were increased bilaterally in both upper 
and lower limbs, but there was a bilateral 
flexor plantar response. 

A CT sean (Fig 3) showed some dilata- 
tion of the third, fourth, and lateral ventri- 
cles of a mild degree. The quadrigeminal 
cistern was very prominent and the brain 
stem was small. There was diffuse atrophy 
of the cerebral hemispheres and cerebellum 
with a prominent superior cerebellar 
cistern. The appearance was compatible 
with diffuse cerebral atrophy and olivopon- 
tocerebellar degeneration. 

An audiogram obtained prior to the AEP 
recordings revealed a moderate high 
frequency sensorineural type hearing loss 
above 2,000 Hz that was bilaterally sym- 
metrical. Low frequency sensitivity was 
within normal limits in both ears. There 
was no conductive component in either 
ear. 

Auditory evoked potentials obtained 
from the right and left ears are shown in 
Fig 4, with a recording from a normal 


subject shown at the top of the figure. As 


with the previous case, wave I latency was 
normal for both sides but greatly reduced 
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in amplitude. Wave II could not be easily 
identified in the recordings from either 
ear. Wave III latencies of 2.72 and 2.76 
msec relative to wave I were abnormally 
prolonged—0.4 msec beyond the normal 
range. Wave IV was absent from the 
response of the left ear; however, inter- 
wave latencies of waves III to V were 
normal on both sides. Total conduction 
time from the eighth nerve (wave I) to the 
inferior colliculus in the midbrain (wave V) 
was 4.56 msec for the right ear and 4.36 
msec for the left. These values are 
abnormal by 0.2 to 0.4 msec. Voltage levels 
for all of the components were greatly 
reduced. Distorted wave morphology was 
evident throughout, particularly waves II, 
IV, and V. 

Auditory evoked potentials showed re- 
duced electrical activity in the region of the 
cochlear nucleus bilaterally and slowed 
conduction to the region of the superior 
olivary complex in the caudal pons. Above 
the superior olives, conduction time along 
the lateral lemniscus to the inferior collic- 
ulus was within normal limits. Maximum 
involvement appeared in the region of the 
cochlear nucleus of the pontomedullary 
junction on both sides of the brain stem 
and the region of the superior olivary 
complex. 

Case 3.—An 18-year-old man was seen in 
March 1977. He gave a ten-year history of 
slowly progressive unsteadiness of gait 
and increasing difficulty in coordinated 
movements of his hands. There had been 
frequent falls in the last several years with 
severe injuries. He had experienced 
increasing difficulty in maintaining his 
grades and had been transferred to a 
special education class in the last year. 
However, he continued to experience diffi- 
culty and frustration in school and had 
ceased attendance just before admission to 
the hospital. 

The patient had been abandoned by his 
. parents at the age of 2 years and had lived 
in several foster homes since then. He was 
aware of two sisters who had unsteadiness 
of gait. 

The general physical examination re- 
sults were normal. The neurological exami- 
nation showed moderately severe dysar- 
thria and a mild degree of dementia with 
impairment of judgment, insight, reten- 
tion, recall, and recent memory. These 
changes were later confirmed by neuropsy- 
chological testing. The only abnormalities 
in cranial nerve examination were the 
presence of a coarse nystagmus on hori- 
zontal and vertical gaze and a moderate 
degree of dysarthria with slowed tongue 
movements. The motor system showed 
good strength bilaterally without wasting. 
There was titubation of the head and 
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truncal ataxia. Rapid alternating move- 
ments of upper and lower limbs were 
slowed and there was a bilateral intention 
tremor. The gait was wide based and 
showed a combination of spasticity and 
ataxia. Sensation was intact to touch, pin 
prick, vibration, and position sense in all 
areas. The muscle stretch reflexes were 
greatly increased with clonus in the lower 
extremities. There was a bilateral extensor 
plantar response. 

The CT scan (Fig 5) showed normal 
lateral and third ventricles. There was no 
cerebral cortical atrophy. The cerebellar 
folia were prominent, with excess air in the 
superior cerebellar cistern. There appeared 
to be some enlargement of the quadrigem- 
inal cistern, and the ambiens cisterns were 
prominent. The brain stem was not clearly 
seen. The scan was compatible with cere- 
bellar atrophy and olivopontocerebellar 
degeneration. 

The preliminary audiogram showed 
hearing well within normal limits bilater- 
ally. The auditory evoked brain stem 
responses are displayed in Fig 6 together 
with the response from a normal subject 
for comparison. Waves I through VII were 
well defined with relatively undistorted 
wave morphology. Wave I was normal, 
right and left. Waves II through V showed 
a slight but progressive increase in the 
interwave latencies, which accumulated to 
an abnormal shift at wave V of about 0.2 
msec beyond the normal range. Stimula- 
tion of the right and left ears gave essen- 
tially the same findings. Voltage levels for 
wave I for both ears were normal. 
Response from brain stem waves II 
through V were somewhat reduced in 
voltage. With left ear stimulation, the 
amplitude of wave V was slightly lower 
than that of wave I, suggesting abnormal 
brain stem function.* 

The evoked potential recordings ob- 
tained in this normal hearing patient 
revealed slowed conduction all along the 
auditory pathways from the level of the 
cochlear nuclei and superior olivary com- 
plex in the caudal pons to the inferior 
colliculus in the midbrain. This is shown by 
the progressive increase in interwave 
latencies of the various components of the 
evoked potentials with somewhat reduced 
amplitude. 


COMMENT 


The three cases presented have clin- 
ical findings compatible with a diag- 
nosis of olivopontocerebellar degener- 
ation. Subjects 1 and 3 had a family 
history of ataxia, and all three 
patients showed mild dementia, pro- 
gressive ataxia, and increased re- 


flexes. Olivopontocerebellar degener- 
ation is, however, quite protean in 
presentation in terms of age of onset 
and clinical findings, and the common 
factors in these three cases are 
abnormal CT scans and abnormal 
AEPs. 

In ease 1 seen in 1975, the lack of 
experience prompted the use of pneu- 
moencephalography to confirm the 
diagnosis of olivopontocerebellar de- 
generation. Experience indicated that 
this was not necessary in cases 2 and 
3. The brain stem involvement on CT 
scanning may be equivocal in the 
early case of olivopontocerebellar de- 
generation, and difficulties in demon- 
strating early abnormalities in the 
brain stem with current techniques of 
CT scanning are well known.*'*^ Con- 
sequently, there will be a need for 
additional studies in suspected cases 
of olivopontocerebellar degeneration. 
The results of this investigation indi- 
cate that the innocuous AEP proce- 
dure may be used in conjunction with 
the CT scan in the diagnosis of olivo- 
pontocerebellar degeneration, elimi- 
nating the need for pneumoencepha- 
lography. 
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Tuberculous Brain Abscess 


Report of a Case and Review of the Literature 


Don R. Whitener, MD 


* Tuberculous brain abscess is a rarely 
reported form of central nervous system 
tuberculosis. Fifty-seven cases were 
found in a review of the world's literature; 
only 16 met rigid diagnostic criteria. 
Tuberculous brain abscesses are devoid 
of the granulomatous reaction associated 
with tuberculosis. Histologically and clini- 
cally, these abscesses are similar to 
pyogenic brain abscesses. An analysis of 
16 verified cases from the literature and 
one reported case showed that tubercu- 
lous brain abscesses usually present 
acutely, often in the third and fourth 
decades, commonly have a supratentorial 
location, frequently present with focal 
neurologic signs, and are associated with 
historical and laboratory evidence of 
tuberculosis. Tuberculous brain ab- 
scesses may be difficult to differentiate 
from pyogenic brain abscesses, tubercu- 
lomas, and tuberculous meningitis on the 
basis of clinical, laboratory, and roentgen- 
ographic information. Appropriate therapy 
includes adequate antituberculous che- 
motherapy and surgical excision. 

(Arch Neurol 35:148-155, 1978) 


T uberculous involvement of the 
central nervous system usually 
appears as tuberculous meningitis or a 
discrete tuberculoma.: Tuberculous 
brain abscess is a rarely reported form 
of central nervous system tuberculo- 
sis. Pathologically, tuberculous brain 
abscess differs from tuberculoma in 
lacking the giant cell and epithelioid 
cell granulomatous reaction usually 
associated with tuberculosis. Tubercu- 
lous brain abscess has vascular granu- 
lation tissue with acute and chronic 
inflammatory cells similar to pyogenic 
brain abscesses. In the United States, 
where tuberculomas of the brain 
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constitute from 0.7% to 1.4% of all 
brain tumors,’ tuberculous abscess of 
the brain has been reported only 11 
times." Even in countries where 
tuberculosis of the central nervous 
system is more common than in the 
United States, tuberculous brain ab- 
scesses are a medical curiosity.'*'* The 
last report in the United States was in 
1945 by Courville,* who found three 
tuberculous brain abscesses in 30,000 
autopsies. 


MATERIALS AND METHODS 


Fifty-seven cases of tuberculous brain 
abscesses were found in the world’s litera- 
ture.** However, only 16 of the 57 cases 
met the following criteria and were consid- 
ered verified tuberculous brain abscesses:* 
(1) macroscopic evidence from surgical or 
autopsy material of true abscess formation 
within the brain substance, characterized 
by cavity formation with central pus; (2) 
sufficient histologic description to assure 
that the inflammatory reaction in the 
abscess wall was composed predominantly 
of vascular granulation tissue containing 
acute and chronic inflammatory cells, 
particularly polymorphonuclear leukocytes; 
(3) proof of the tuberculous origin by either 
a positive culture of the pus for Mycobac- 
terium tuberculosis or demonstration of 
acid-fast organisms in the pus or abscess 
wall Reports in which the tuberculous 
origin of the abscess was based solely on 
the concomitant presence of tuberculosis in 
another area of the brain or body were 
excluded, as were reports with evidence of 
a simultaneous pyogenie pathogen by 
smear or culture in conjunction with acid- 
fast organisms. Reports in which there was 
evidence of early typical tuberculous gran- 
uloma formation were included as long as 
the predominant histologic findings were 
of vascular granulation tissue with mono- 
nuclear and polymorphonuclear cells. The 
16 verified cases and the case reported here 
form the basis of an analysis of the clinical 
manifestations of tuberculous brain ab- 
Scesses. 


*References 9, 11, 16, 17, 23, 26, 30, 31, 33, 39-41, 
43, 44, 48-50. 


REPORT OF A CASE 


A 28-year-old black man was seen on Dec 
17, 1971, complaining of a sore throat for 
two months with increasing throat pain, 
fever, chills, and swelling of the left side of 
the neck and jaw for one week. 

Physical examination disclosed the fol- 
lowing: temperature, 38.33 C; blood pres- 
sure, 90/70 mm Hg; pulse, 116 beats per 
minute; respirations 18/min, with audible 
stridor. Both tonsils were enlarged and the 
pharyngeal mucosa was erythematous 
without exudate. The left tonsil and left 
side of the soft palate were deviated ante- 
riorly and medially. The left side of the 
neck was swollen from the ear to the 
clavicle. Abdominal examination showed 
no hepatosplenomegaly. Neurologie exami- 
nation gave normal findings. 

A complete blood cell count disclosed the 
following values: W BCs, 7,900/eu mm, with 
56% segmented polymorphonuclear leuko- 
cytes and 7% band forms; hematocrit, 31%; 
hemoglobin, 9.9 gm/100 ml. Sedimentation 
rate was not determined on admission. A 
lateral neck x-ray-film showed a massive 
soft-tissue density in the retropharyngeal 
space with anterior deviation of the larynx 
and trachea (Fig 1). A chest roentgeno- 
gram showed widening of the superior 
mediastinum with a mass in the right apex 
contiguous with the posterior mediastinum 
(Fig 2). The aorta was deviated to the left. 
An esophagram confirmed dissection of 
the abscess to the level of the aortic arch. 

Following the patient’s admission, peni- 
cillin and tetracycline were administered 
intravenously. Surgical drainage of the 
abscess via a transverse incision above the 


Fig 1.—Lateral neck x-ray film with barium 
swallow, showing retropharyngeal ab- 


scess with anterior deviation of esophagus 
and larynx. Prevertebral shadow mea- 
sured 4 cm. 





Tuberculous Brain Abscess—Whitener 


~ 








Fig 2.—Chest roentgenogram, showing widening of superior mediastinum and mass in 
right apex caused by dissecting retropharyngeal abscess. 





Fig 3.—Brain radionuclide scan, showing mass in right subfrontal area. 


sternal noteh yielded 200 ml of purulent, 
nonputrid material. Stains of the pus were 
not done; aerobic eultures were negative. 
On Dee 29, the patient complained of 
neck pain and headache. On Jan 9, 1972, 
low-grade fever and nuchal rigidity with- 
out papilledema or focal neurologic signs 
were noted. The patient was lethargic, 
somnolent but arousable, apathetic, and 
disoriented to time, place, and person. A 
lumbar puncture disclosed the following 
values: opening pressure, 360 mm H,O; 
closing pressure, 190 mm H,0; 120 leuko- 
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cytes/cu mm; 71% polymorphonuclear cells; 
299; lymphocytes; CSF glucose, 23 mg/100 
ml with a simultaneous plasma glucose of 
96 mg/100 ml; and protein, 230 mg/100 ml. 
Gram stain, india ink preparations, and 
routine bacterial and fungal cultures of the 
CSF, which was concentrated by centrifu- 
gation, were negative. Smears of the CSF 
and healing suprasternal wound were 
negative for acid-fast bacilli (AFB). Skull 
roentgenogram, brain radionuclide scan, 
and cervical spine x-ray films were normal. 
Chest roentgenogram demonstrated reduc- 





tion of the upper mediastinal mass and no 
parenchymal lesions. The intermediate- 
strength tuberculin skin test was negative, 
but a second-strength skin test had 18 mm 
of induration. The sedimentation rate was 
61 mm/hr. 

A presumptive diagnosis of tuberculous 
meningitis was made. Therapy with isonia- 
zid, 300 mg/day, and ethambutol, 1,600 
mg/day, was started. An AFB culture of 
the suprasternal wound was positive for M 
tuberculosis sensitive to all antitubereulous 
drugs, although multiple AFB cultures of 
the CSF, sputum, urine, and gastrie wash- 
ings were negative. 

In early March 1972, the patient, though 
improved, remained lethargie and disor- 
iented. There was no papilledema. Serial 
lumbar punctures showed no significant 
change from the initial examination, 
except for a predominance of lymphocytes 
in the CSF. Repeated brain radionuclide 
scan disclosed a 3-cm mass in the right 
subfrontal area (Fig 3). Bilateral carotid 
angiograms confirmed a low right frontal 
mass with a vascular capsule. Pneumoen- 
cephalogram confirmed the mass (Fig 4) 
and showed blockage to the flow of air in 
the basilar areas. 

A right frontal craniotomy on March 20 
disclosed normal meninges. The brain did 
not appear to be edematous. A 5 x 3-cm 
abscess was found in the right frontal lobe, 
deep and anterior to the ventricle. The 
abscess, containing 18 ml of thick yellow 
pus, was excised en bloc via a transcortical 
approach. 

Acid-fast bacilli stains of the pus were 
positive, and culture grew M tuberculosis 
sensitive to all antituberculous drugs. 
Aerobic, anaerobic, and fungal cultures 
were negative. Pathologic examination of 
the abscess showed a fibrous tissue wall 
diffusely infiltrated by neutrophils (Fig 5, 
top). A few epithelioid cells were noted but 
there were no giant cells, granulomas, or 
caseous necrosis. Postoperatively, with 
continued antituberculous therapy, the 
patient’s mental status markedly improved 
although he remained slightly confused 
with intermittent disorientation to time 
and place. Lumbar puncture on April 4 
demonstrated normal CSF values. 

After the patient’s discharge, follow-up 
appointments were not kept. The patient 
was brought to the emergency room on 
July 16, 1972, following a seizure and was 
found to be taking the previous medi- 
cations. He was transferred to a state 
mental hospital in August 1972, because of 
persistent disorientation. Antituberculous 
therapy was discontinued. 

In February 1973, complaints of dimin- 
ished vision prompted an ophthalmologic 
examination, the findings of which were 
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reportedly normal. In early March, fever 
was noted followed by nuchal rigidity, 
coma, and status epilepticus. The patient 
died on March 11, 1973. 

Autopsy disclosed edema of the brain, 
herniation of the cerebellar tonsils, and 
normal meninges. Coronal sections 
through the cerebral hemispheres dis- 
played a 4 x 6-cm tan mass centered in the 
midline in the region of the thalamus and 
hypothalamus. The mass invaded the pitui- 
tary gland and optic nerves. The left 
portion of the mass extended inte a cavity 
within the left temporal lobe that con- 
tained thick yellow caseous material. 
Histologic examination revealed caseous 
necrosis with large multinucleate giant 
cells predominantly of the Langhans type, 
epithelioid cells, and mononuclear eells (Fig 
5, bottom). No fungi or AFB were seen in 
multiple appropriately stained sections; 
AFB cultures were not done. Examination 
of the other organs disclosed no evidence of 
tuberculosis. 


The correct diagnosis was delayed 
because tuberculosis was not consid- 
ered as a potential cause of the orig- 
inal neck abscess, and appropriate 
stains and cultures were not obtained. 
The development of a tuberculous 
brain abscess during antituberculous 
therapy has been reported," * but 
verifieation by serial brain radionu- 
clide scans has not been previously 
reported. The initial brain abscess 
meets criteria for a tuberculous brain 
abscess. Cessation of antituberculous 
therapy permitted recurrence of the 
tuberculous process in the brain with 
the more typical histologic reaction 
and cavitation due to caseous necro- 
sis. 


ANALYSIS OF VERIFIED CASES 
Demographic Data 


Six of the 17 verified cases analysed 
were reported in the French litera- 
ture,?5-29.39-11.:415» three from the United 
States, including the case reported 
here," two from India,*'' and one 
each from Germany,” Spain,” Italy," 
Belgium, England,? and Algeria.“ 
The mean age was 34.8 years, with a 
range of 8 to 56 years. Fifty-three 
percent (9/17) of the cases were in 
individuals in the third and fourth 
decades. There have been 11 men and 
six women. 


Location of Abscesses 
Thirty-five percent (6/17) of the 
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Fig 4.—Pneumoencephalogram showing upward displacement of frontal pole of right 
lateral ventricle by mass lesion. 


patients had multiple abscesses. In 
four of the six subjects with multiple 
abscesses, localization was on the 
same side of the brain, while in two 
there was bilateral involvement. One 
case with bilateral involvement had 
greater than 100 multiple small 
abscesses at autopsy." A total of 25 
separate abscesses in which the loca- 
tion was adequately described were 
found in 16 subjects. The most 
frequent location was the frontal lobe, 
where 48% of the 25 abscesses were 
situated. 


Signs and Symptoms 


The most common finding was a 
focal neurologic deficit, present in 71% 
(Fig 6). These were paralysis in 71%, 
sensory deficits in 18%, and cranial 
nerve deficits in 41%. Cerebellar 
abscesses were found in five patients 
and frequently led to symp- 
toms.''393133 In three of the five 
patients, cerebellar signs were pres- 
ent at the onset. One of the five had 
normal findings on examination of 
cerebellar function. One patient had 
bilateral cerebellar abscesses and bi- 
lateral cerebellar signs. 

Headache was the second most 





common symptom, occurring in 47%. 
Fever was present in five of the 11 
patients (46%) in whom temperature 
was reported, but a history of fever 
prior to admission was obtained in 
two of the six patients who were 
afebrile. Seizures were noted in 35% at 
the onset, with focal seizures reported 
in three, unilateral seizures in two, 
and generalized seizures in one. Papil- 
ledema was noted in 35%. Altered 
mentation, most commonly somno- 
lence, confusion, disorientation, and 
coma was found in 24%. Progressive 
mental deterioration was usually re- 
ported if therapy was delayed. Three 
patients had nuchal rigidity, while 
nausea and vomiting occurred in 12%. 
Only 24% of the patients were de- 
scribed as cachectic, a finding fre- 
quently associated with tuberculosis. 


Duration of the Illness 


The patient with a tuberculous 
brain abscess tends to seek medical 
attention early. The duration of the 
illness before the patient sought med- 
ical attention was less than one week 
in 47% (8/17) of the cases reviewed. In 
71% (12/17) symptoms were present 
for less than one month. 


Tuberculous Brain Abscess—Whitener 


AM TAR r $7 <= -— E Ee ae = ——— : 
uw 7 o 7 POM 


"t. E : 
P 


; P 
yop P^ à |j ans 


OI ES ud ^7 rut 


E 


Es d 
" ^ in 
7 S 
AE 
rd e 
Tw S» r * 
di ai A a 
(2^ "à 
^ E 
v 






ee M 
Adm. ce AF S REA 
y ich y ^ * : + Ae 
Soe |y. ei 
Fig 5.—Top, Section of abscess wall from surgery, March 1972, showing granulation 
tissue with gliosis and fibrosis. There is necrosis with liquifaction and fragmenting 
polymorphonuclear leukocytes within granulation tissue of abscess wall (original 
magnification x 150). Bottom, Section through tuberculous lesion from autopsy, March 
1973, showing central zone of caseous necrosis with pseudocapsule, inner zone of 
which is composed of mononuclear cells and karyorrhetic polymorphonuclear leuko- 
cytes, middle zone of epithelioid cells, and outer zone of granulation tissue containing 
occasional Langhans' giant cells (original magnification x 150). 
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Chest Roentgenograms 


In eight cases, results of chest 
roentgenograms were reported at the 
onset of the neurologic illness. Three 
subjects had roentgenograms with 
normal findings. Three patients had 
changes consistent with pulmonary 
tuberculosis. Two of these patients 
had known prior pulmonary tuberculo- 
sis. Lower lobe infiltrates were noted 
in two patients, one of whom devel- 
oped a miliary pattern after three 
weeks. 

After excision of the brain abscess, 
one patient was found to have a small 
left upper lobe infiltrate consistent 
with tuberculosis. A preoperative 
chest roentgenogram was not re- 
ported. Another patient had been 
treated with streptomycin for pul- 
monary tuberculosis with unspeci- 
fied roentgenographie changes five 
months before neurologic symptoms 
developed. The chest roentgenogram 
was not repeated when the neurologic 
symptoms began, but a miliary pat- 
tern was noted after one month. 
Therefore, six patients had chest 
roentgenographie changes consistent 
with tuberculosis at some time during 
treatment for tuberculous brain ab- 
scesses. Two of these six patients had 
evidence of miliary tuberculosis. 


Blood Leukocytes, CSF, 
Sedimentation Rate 


Results of lumbar punctures done 
early in the course of the illness were 
reported in 13 cases. In one case there 
was not enough information for anal- 
ysis. Results of the remaining 12 are 
presented in the Table. In most cases 
the CSF had few cells, and only in the 
patient described here did polymor- 
phonuclear cells predominate. The 
CSF glucose concentration was less 
than 60 mg/100 ml in four of seven 
patients. Simultaneous plasma glu- 
cose values were not given except in 
the patient reported here. Protein 
concentration was less than 50 mg/100 
ml in six of ten patients. The pressure 
of the spinal fluid was reported to be 
elevated in four of eight cases. All 
seven reported AFB smears were 
negative. Only the patient reported 
here had a CSF culture for tuberculo- 
sis; it was negative. 
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Blood leukocyte counts, reported in 
six patients, were greater than 
10,000/cu mm in two patients (14,000 
and 19,000/cu mm). Sedimentation 
rates were reported in five patients; 
all were greater than 20 mm/hr 
(range, 22 to 85). 


Tuberculin Skin Tests 


Tuberculin skin test results were 
reported for six patients; five were 
positive. Three patients had a history 
of known prior tuberculosis. The 
patient presented here had a negative 
intermediate-strength but a positive 
second-strength test. In the ease with 
a negative skin test, the chest roent- 
genogram concurrently revealed a 
miliary pattern. The strength of the 
skin test used was not given. 


Evidence of Tuberculosis at Onset 


An initial diagnosis was recorded in 
14 case reports. Tumors and tubercu- 
lomas were the most frequent initial 
diagnoses. Other initial diagnoses 
included tuberculous meningitis, 
pyogenic brain abscess, encephalitis, 
Intracranial hemorrhage, and alcohol 
withdrawal. In 11 of 17 patients (64%) 
with tuberculous brain abscess, the 
etiology was suggested at the onset of 
the neurologic symptoms by extraner- 
vous system findings. Five patients 
had documented prior extracranial 
tuberculosis, and six had a family 
history of tuberculosis. Three of the 
latter were patients with known prior 
tuberculosis. The tuberculin skin test 
was positive in five patients. Three of 
these five patients had a history of 
known prior tuberculosis. Two addi- 
tional patients had a history of 
prolonged pulmonary symptoms that 
might have suggested tuberculosis, 
but chest roentgenograms were not 
reported. Chest roentgenographic 
findings consistent with tuberculosis 
were present in three patients at the 
onset. One was not previously known 
to have pulmonary tuberculosis. 

Two of the five patients with known 
tuberculosis had been receiving treat- 
ment with two antituberculous drugs 
for at least one month before the 
onset of the neurologic symptoms. The 
other three cases with known tubercu- 
losis occurred before the era of antitu- 
berculous chemotherapy. 
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Fig 6.—Signs and symptoms of tuberculous brain abscess in 17 patients. 


Methods of Localization 


Skull roentgenograms were used to 
attempt to localize the brain abscesses 
in four cases. Two were helpful, 
revealing evidence of intracranial hy- 
pertension with separation of the 
sutures in one child” and the presence 
of a thinned dorsum sellae with 
destruction of the posterior clinoids in 
an adult with a cerebellar abscess." 
Shift of the pineal gland was not 
reported in any case. Electroencepha- 
lograms correctly localized the abscess 
in three of five cases. The most 
common abnormality was a slow wave 
focus. The two electroencephalograms 
that failed to localize the abscess 
showed diffuse slow activity. Angio- 
grams and ventriculograms each cor- 
rectly localized the abscess in five of 
six cases. An electroencephalogram 
demonstrated diffuse slowing, while 
angiography and ventriculography 
each gave normal findings in one case 


with over 100 small bilateral ab- 
scesses.** Brain radionuclide scans 
were done in two instances; both were 
positive. One scan displayed “dough- 
nut” or “target” pattern sometimes 
found with brain abscesses.*? 


Therapy, Mortality, and Morbidity 


Seven of the 17 cases of tuberculous 
brain abscess occurred before the 
advent of antituberculous chemother- 
apy, and all the patients died, with an 
average interval of 62 days from the 
onset of neurologic symptoms to 
death. Four of ten patients (40%) died 
despite chemotherapy. However, only 
two of the four patients who died 
received chemotherapy with at least 
two drugs for a period of one year. 
Both of these patients underwent 
aspiration of the abscess as the initial 
surgical treatment, although excision 
of the abscess was performed after 
two months in one case.^ One patient 
received only streptomycin with no 
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Initial CSF Findings in 12 Patients 
With Tuberculous Brain Abscess 


No. of 


CSF Finding Patients 


Cells/cu mm 


1-10 
11-25 
26-50 
51-100 

101-200 


Protein, mg/100 ml 
Normal or — 50 
> 50 
Unknown 


Glucose, mg/100 ml 
Normal or < 60 
> 60 
Unknown 


Pressure 
Normal 
Elevated 
Unknown 


AFB smear 
Negative 
Positive 
Unknown 

AFB culture 
Negative 
Unknown 





. surgical intervention, and the pa- 
tient described here received antitu- 
bereulous drugs for an insufficient 
interval. The six surviving patients all 
received antituberculous chemothera- 
py and underwent surgical excision of 
the abscess. In four of the surviving 
patients, the type and duration of 
antituberculous therapy was not 
given. One survivor had residual 
atrophy of the interosseous muscles 
and weakness of the left hand.**° A 
second had persistent paralysis of the 
left leg and developed seizures eight 
months postoperatively,“ and a third 
had persistent aphasia and right 
hemiparesis.'^ 


COMMENT 

Pathogenesis 
It is likely that the source of tuber- 
eulous brain abscesses, like other 
forms of central nervous system 
tuberculosis, is hematogenous dissem- 
ination from the lungs. ^^" Why 
these unusual lesions resembling 
pyogenie brain abscesses occur in- 
stead of the more common tubercu- 
lomas remains speculative. The tissue 
reaction to tubercle bacilli depends on 
the state of the individual's immunity 
. to tuberculosis, the size of the infect- 
ing inoculum, the specific tissue 
infected, and whether chemotherapy 
has been instituted. The histologic 
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reaction has been described best in the 
lung. The initial pulmonary reaction 
in an individual not previously ex- 
posed to tuberculin antigens is a 
preexudative phase consisting of va- 
sodilation of capillaries and moderate 
swelling of alveolar lining cells. A 
phase with exudation of fibrin and 
leukocytes rapidly follows, in which 
the presence of numerous acid-fast 
organisms is all that permits identifi- 
cation of the tuberculous origin. The 
exudative phase may progress to 
tubercle formation with or without 
caseation characterized by central 
multinucleate giant cells surrounded 
by epithelioid cells (the proliferative 
phase). 

In the host with developed hyper- 
sensitivity, inoculation of a small 
number of bacilli leads to tubercle 
formation.**^ Inoculation of a large 
number of bacilli in the same indi- 
vidual may lead to an exaggerated 
exudative phase with massive casea- 
tion. Softening of the caseum may 
occur in two morphologic forms." In 
the first type, there is no cellular 
infiltration during softening. In the 
second, there is a massive influx of 
new cells, predominantly polymorpho- 
nuclear leukocytes, causing true 
pus.^*^ There is evidence that protei- 
nases, nucleases, and lipases partici- 
pate in liquifaction of caseous foci in 
the lung.” Softened caseum may show 
a great density of organisms on acid- 
fast stains. Though speculative, a 
reasonable explanation for the unusu- 
al histologic reaction encountered in 
tuberculous brain abscesses is casea- 
tion of a tuberculomatous focus in the 
brain followed by softening of the 
caseum with polymorphonuclear leu- 
kocyte infiltration, eventual pus for- 
mation, and massive growth of tuber- 
cle bacilli. 

Development of cystic tuberculomas 
in which the cyst wall is composed of a 
necrotic inner surface and a fibrous 
outer surface associated with inflam- 
matory reaction consisting of lympho- 
cytes, mononuclear cells, and giant 
cells with tubercle formation on the 
inner surface has been rarely re- 
ported.'*5:5* It has been postulated 
that the cystic nature of such tubercu- 
lomas may represent liquifaction of 
the caseous contents.'* 
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Tuberculous Brain Abscess, 
Pyogenic Brain Abscess, 
Tuberculoma, Tuberculous 
Meningitis 


The clinical manifestations of pyo- 
genic brain abscesses are similar to 
the findings in abscesses caused by 
tuberculosis.**** Patients with both 
types of abscesses tend to seek 


' medical attention within one week of 


the onset of symptoms. Both types are 
most frequently supratentorial lesions 
manifested by focal neurologic signs, 
seizures, and altered mentation. Nu- 
chal rigidity and fever are found with 
a similar frequency. Papilledema and 
headache tend to be more common in 
pyogenic brain abscesses, perhaps 
reflecting more rapid progression of 
intracranial hypertension. Cerebro- 
spinal fluid abnormalities are similar 
in both diseases. Depression of the 
GSF glucose level and nuchal rigidity 
suggest associated meningitis due to 
leakage of abscess contents. The 
major difference between patients 
with pyogenic brain abscesses and 
patients with tuberculous brain ab- 
scesses is the extracranial evidence for 
tuberculosis found in the latter group. 
The frequency of negative cultures 
from the pus of pyogenic brain 
abscesses is 28% to 2995,*"' and the 
similar clinical and histological ap- 
pearance suggests that mycobacterial 
as well as anaerobic and fungal 
cultures should be routinely obtained 
in all brain abscesses. 

Brain tuberculomas tend to oceur 
with either focal neurologic deficits or 
evidence of intracranial hyperten- 
sion.'^** Tuberculomas tend to occur at 
an earlier age than tuberculous brain 
abscesses, but evidence of extracran- 
ial tubereulosis and positive tuber- 
culin skin tests'*^ occur with equal 
frequency. Available evidence sug- 
gests that CSF changes with tubercu- 
lomas resemble the changes with 
tuberculous brain abscess, except that 
the glucose concentration is within 
normal limits with tuberculomas.** 
The tendency for tuberculous ab- 
scesses to cause depression of the CSF 
glucose level most likely reflects the 
tendency for meningitis to occur 
because of leakage of the abscess 
contents. The major difference be- 


tween these lesions is the slowness of 


153 





the clinical course of tuberculomas. 
Patients with tuberculomas often 
have symptoms for more than three 
months before seeking medical atten- 
tion.” 

Tuberculous meningitis is the most 
common form of central nervous 
system tuberculosis. If the contents 
of a tuberculous abscess leaks into the 
subarachnoid space, signs of menin- 
gitis may be prominent. Because 
meningitis is not always associated 
with tuberculous abscesses, nuchal 
rigidity and reduction of the CSF 
glucose level are more frequent in 
patients with tuberculous meningi- 
tis." The presence of focal neuro- 
logic signs in a patient with tubercu- 
lous meningitis should suggest the 
possibility of an associated tubercu- 
lous abscess or tuberculoma. Focal 
neurologic signs are found in 40% of 
patients with tuberculous meningi- 
tis,” while 71% of patients with tuber- 
culous brain abscess and 56% to 71% of 
patients with tuberculomas have focal 
signs.*'** Similarly, since a reduced 
CSF glucose value returns to normal 
in 70% of patients with tuberculous 
meningitis within 12 weeks of the 
diagnosis,” continued reduction of the 
CSF glucose level despite adequate 
antitubereulous chemotherapy should 
raise the possibility of an associated 
tuberculous brain abscess or tubercu- 
loma. 

Other forms of central nervous 
system tuberculosis may occur simul- 
taneously with tuberculous brain ab- 
scess, as demonstrated by the oc- 
currence of tuberculous meningitis in 
three***5* and a simultaneous tuber- 
culoma in one? of the 17 cases 
analyzed. 

Prior to the availability of eompu- 
terized axial tomography, methods 
used to define a mass lesion in the 
brain included the electroencephalo- 
gram, the angiogram, the brain radio- 
nuclide scan, and the pneumoencepha- 
logram. Tuberculous and pyogenic 
brain abscesses and _ tuberculomas 
may be impossible to differentiate 
using these methods. All three 
may appear as an avascular 
mass!6-#2-44-47.48.50.61.73 Op a ring of 
increased vascularity with an avas- 
cular center on angiograms."*-** The 
brain radionuclide scan may show an 
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area of increased uptake in all three 
diseases.: Even the presence of a 
"target" or "doughnut" abnormality 
is not diagnostie of an abscess but 
represents a nonspecific pattern de- 
noting an avascular center that may 
also occur with tumor, infarction, and 
subdural hematoma.” Pneumoenceph- 
alography does not differentiate 
these three entities. Evidence of 
blockage of flow of the CSF due to an 
associated basilar meningitis in- 
creases the probability that a mass is 
tuberculous. 

Cerebral angiography in tubercu- 
lous meningitis may show evidence of 
occluded or narrowed vessels." The 
brain radionuclide scan in patients 
with tuberculous meningitis has been 
reported to be normal*? or to show 
increased uptake in the suprasellar 
region if basilar meningitis is pres- 
ent.'* A brain scan is recommended to 
determine the presence of mass 
lesions in patients with tuberculous 
meningitis who have focal neurologic 
signs, who have persistent neurologic 
deficits, particularly if associated 
with continued reduction of the CSF 
glucose level despite adequate chemo- 
therapy, or in whom the initial diag- 
nosis of tuberculous meningitis is 
uncertain. 

The treatment of pyogenic brain 
abscesses and tuberculomas requires 
surgical intervention as well as ade- 
quate chemotherapy. Surgical mortal- 
ity in pyogenic brain abscesses varies 
from 15% to 48% with primary exci- 
sion of the abscess.**' Aspiration, 
aspiration followed by excision, or 
partial excision have shown higher 
mortalities."^' Excision is also the 
preferred surgical therapy for tuber- 
culomas of the brain.^*5*7* Surgical 
intervention for both processes should 
be done while appropriate chemother- 
apy is ongoing if a specific diagnosis 
is made or suspected preoperatively. 
If the diagnosis is not made until 
surgery, appropriate chemotherapy 
should be started in the immediate 
postoperative period. 

Therapy for tubereulous brain ab- 
scesses should also include adequate 
antituberculous medication and exci- 
sion of the abscess. Tuberculous brain 
abscess may develop in spite of antitu- 
berculous therapy, as occurred in 


three patients in the present series. 
Serial brain radionuclide scans dis- 
closed development of a tuberculous 
brain abscess in the case reported here 
despite therapy with isoniazid and 
ethambutol. A reasonable recom- 
mendation for adequate therapy of 
tuberculous brain abscesses would be 
three drugs known to penetrate 
the blood-brain barrier—isoniazid,” 
ethambutol, and rifampin.*'*? The 
only survivors in the 17 reports 
analyzed underwent excision of the 
abscess in combination with chemo- 
therapy. The case reported here sup- 
ports the need for prolonged antitu- 
berculous therapy of 18 to 24 months’ 
duration to avoid recurrence of the 
tuberculous process. 
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Dominant Spinopontine Atrophy 


Report of Two Additional Members of Family W 


Srecko Pogacar, MD; Mary Ambler, MD; Wallace J. Conklin, MD; 


William A. O’Neil, MD; Ho Yong Lee, MD 


è In five generations of Anglo-Saxon 
family W, 28 members were affected with 
dominant hereditary ataxia. In 1969, two 
members of this family were reported as 
prototypes of dominant spinopontine atro- 
phy. 

We discuss two additional members of 
the original family, with one postmortem 
examination, including  ultrastructual 
study. In contrast to previously accepted 
clinical generalizations, we found abol- 
ished tendon reflexes and flexion contrac- 
tures of the lower extremities in patient 1 
and onset of illness at the age of 18 years, 
palatal myoclonus, and optic atrophy in 
patient 2. Dementia was observed in both 
patients. 

Unlike in previous pathological reports, 
our patient 1 showed definite involvement 
of the cerebellum and mild degeneration 
of the inferior olivary nuclei. 

We conclude, therefore, that clinical 
and pathological distinction between 
dominant spinopontine atrophy and olivo- 
pontocerebellar atrophy is not clear and 
raises the question of the justification for 
regarding dominant spinopontine atrophy 
as a nosological entity. 

(Arch Neurol 35:156-162, 1978) 
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ominant spinopontine atrophy 
(DSPA) with slowly progressive 
ataxia, nystagmus, and dysarthria 
belongs to the group of hereditary 
ataxias. Although the dominant type 
of inheritance of DSPA narrows this 
entity in classification, the clinical 
distinction from other hereditary 
ataxias is very difficult, if at all possi- 
ble. The onset in early adult life, 
increased tendon reflexes with exten- 
sor plantar responses, and lack of 
intellectual deterioration thought to 
be typical in initial cases are not found 
in all cases of DSPA. Correct diag- 
nosis can only be made following 
autopsy on one of the family members 
who succumbs to the illness. 
Separation of DSPA from other 
abiotrophies had been based on patho- 
logic findings. Rather severe involve- 
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ment of the spinal cord, intact olives 
and cerebellum, degeneration of the 
nuclei pontis, and the middle cere- 
bellar peduncles are considered the 
hallmarks of DSPA. 

Two members of family W, E. W. 
and R. W., were reported by Boller 
and Segarra’ in 1969 as prototypes of 
spinopontine degeneration. An excel- 
lent and, to our knowledge, the only 
additional account of another DSPA 
family was given by Taniguchi and 
Konigsmark’ in 1971. These authors 
renamed the illness "dominant spino- 
pontine atrophy." 

In this report, we describe and 
discuss two additional cases of family 
W, emphasizing clinical and patholog- 
ieal variations of DSPA. The patho- 
logic findings of patient 1 are 
presented and compared with those of 
published DSPA cases. 


PATIENTS AND METHODS 


The two patients described in this 
report, from a family in which 22 verified 
and six probable similar cases are recorded, 
suffered from progressive ataxia and 
dysarthria presumed to be of autosomal 
dominant transmission (Fig 1). 

Necropsy material of patient 1 consisted 
of brain, spinal cord, peripheral nerve, and 
skeletal muscle fixed in 10% formaldehyde. 
Blocks of cerebrum, brain stem, cerebel- 
lum, and spinal cord were embedded in 
paraffin and stained respectively with 
hematoxylin-eosin, Weil, Luxol fast blue, 
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Fig 1.—Revised pedigree, originally published by Boller and Segarra,’ showing 11 
affected persons in five generations of family W. Right arrow indicates our case 1 and left 


arrow, case 2. 


cresyl violet, Holzer, phosphotungstic acid- 
hematoxylin, and Bodian stains. Frozen 
sections of cerebrum, brain stem, cerebel- 
lum, and spinal cord were stained with 
sudan 3 and 4. 

Portions of 10% formaldehyde-fixed cer- 
ebellum and ventral quadrant of lumbar 
spinal cord were postfixed in osmium-5- 
collidine-S buffer, dehydrated in alcohol 
propylene oxide, and embedded in Epon. 
Thin sections were stained with lead 
citrate and uranyl acetate and examined 
with an electron microscope. 


REPORT OF CASES 


Case 1.—A descendant of early settlers 
from England, a 69-year-old man experi- 
enced, at the age of 53 years, uncertain gait 
that led observers to suspect that he might 
be intoxicated, although the patient never 
used alcohol to excess. At about the same 
time, it was noted that he had slurred 
speech, diplopia on lateral gaze to the right, 
and numbness over the finger tips. Twelve 
male and thirteen female members 
through five generations of his family 
appear to have had similar disease. 

When he was 54 years old, the patient 
was mentally normal. He had nystagmus 
on looking to the right, dysarthria, and 
dysphagia. There were no other cranial 
nerve abnormalities. He was able to do the 
finger-to-nose test fairly well, but on the 
finger-and-toe pursuit test, he tended to 
misjudge distance and pass the point. He 
had difficulties also on the heel to knee 
test. Rapid alternating hand movements 
were fairly well performed. The patient, 
however, had great difficulty in checking 
the movements and the rebound phenom- 
enon was present bilaterally. Tendon 
reflexes were normal throughout, and no 
pathological reflexes could be elicited. He 
had equal difficulty standing, his feet close 


Arch Neurol—Vol 35, March 1978 


together, either with eyes open or closed. 
His gait was wide-based and unsteady, but 
associated movements were appropriate. 
The spine and feet were normal in 
appearance. Sensation for touch, pain, 
vibration, position, and stereognosis was 
entirely intact. The internal organs were 
grossly unremarkable. The blood pressure 
was 140/65 mm Hg. The patient was 
thought to have olivopontocerebellar atro- 
phy (OPCA). He followed a slowly progres- 
sive downhill course, and during his final 
admission to the hospital at 69 years of age, 
he was confused and considered mentally 
incompetent to manage his own affairs. He 
was bedridden and unable to stand, sit, or 
lift his head; he was able to move his upper 
extremities, showing gross ataxia. There 
were flexion contractures of the lower 
extremities. The musculature was diffuse- 
ly wasted. The biceps reflexes were 1+ 
bilaterally, and there were no tendon 
reflexes elsewhere. The plantar responses 
were neutral. There was decreased position 
sense distally and possibly diminished 
sensation for touch in the feet. The patient 
was incontinent of urine and feces. 

Extensive laboratory investigations, in- 
cluding fasting blood sugar and lumbar 
puncture studies, were normal. An ECG 
showed an abnormal tracing, with left 
posterior hemiblock. A roentgenogram of 
the chest shortly before death disclosed 
pneumonitis involving the right lower lung 
field. 

The patient died in 1975, 16 years after 
onset of his illness. 

Case 2.—A 25-year-old woman's first 
symptom was double vision, appearing 
when she was 18 years old. In spite of eye 
muscle surgery, diplopia persisted. At 
about the same age, she became unusually 
clumsy in changing position. Her gait 
became unsteady, with more trouble main- 


taining balance in darkness. Over the past 
three or four years, the gait disturbance 
had become progressively worse. She com- 
plained of dizziness and lightheadedness. 

She had repeated urinary tract infec- 
tions and three episodes of infectious 
mononucleosis. 

The patient’s father, a physician, died at 
41 years of age of the same illness and was 
reported as case R. W. by Boller and Segar- 
ra. His illness began with diplopia and 
ataxia when he was 27 years old. There are 
several other members of the patient’s 
family with similar illness (Fig 1). The 
patient has a 28-year-old sister who is in 
good health. 

Examination in October 1975 showed her 
to be pleasant and cooperative, but some- 
what tearful. She seemed bright but the 
Wechsler’s Adult Intelligence Scale showed 
a verbal IQ of 92, a performance IQ of 85, 
and a full-scale IQ of 88, which was consid- 
erably below what one would have 
expected for a college graduate. The 
patient had scattered scores on subtesting, 
being most impaired in areas concerned 
with judgement and perceptual evaluation. 
Her memory, however, was adequate. 

General examination showed no abnor- 
malities. The blood pressure was 125/90 
mm Hg. There was no kyphoscoliosis and 
no abnormalities of the feet. Neurological 
examination showed fine nystagmus at 
extremes of lateral gaze, with mild rota- 
tory component. She had alternating 
esotropia. Upward gaze was full, and the 
visual fields were intact on confrontation 
testing. The right pupil was slightly larger 
than the left, and both reacted well to light. 
Her optic dises were very pale, suggesting 
optic atrophy. There was no impairment of 
vision. Her speech was scanning and 
slurred. She had questionable mild bilateral 
facial weakness. There was palatal myoclo- 
nus. Muscle tone and strength of the 
extremities appeared to be normal. She had 
minimal finger-to-nose ataxia and slightly 
more ataxia on heel-to-shin testing. The 
patient was able to sit well, without 
evidence of truncal ataxia. Her gait was 
broad-based. Tandem gait was impaired. 
Romberg’s sign was negative. Her tendon 
reflexes were very brisk throughout, more 
so in the lower extremities. Plantar 
responses were flexor. Sensation for touch, 
pain, position, vibration, and stereognosis 
was entirely within normal limits. 

Extensive laboratory investigations, in- 
cluding complete blood cell count, VDRL, 
urinalysis, serum electrolytes count, liver 
and thyroid profile, chest, skull and cervical 
spine roentgenograms, ECG, EEG, brain 
scan, and echoencephalogram were all 
within normal limits. The serum creatinine 
phosphokinanse level was 6 mU/mm. Lum- 
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Fig 2.—Lateral view of brain showing convolutional atrophy of 
frontal and temporal lobes and anterior parietal areas. 


Fig 4.—Section of upper thoracic spinal cord showing loss of 
myelinated fibers in posterior funiculi, particularly funiculi 
gracilis, and mild loss of myelinated fibers of anterior spinocere- 
bellar tracts (Weil myelin stain, x 10). 


Fig 3.—Cross section of cerebellum and brain stem; right half of 
picture shows atrophic pons and well-preserved cerebellar hemi- 
sphere, except for severely reduced amount of central and folial 
white matter. Fourth ventricle is enlarged. Left half of picture is 
age-matched control. 





bar puncture disclosed an opening pressure 
of 130 mm H,O and a closing pressure of 
110 mm H,O. Cerebrospinal fluid showed a 
glucose value of 61 mg/100 ml, with a 
simultaneous blood glucose value of 94 mg/ 
100 ml and a total protein content of 10 
mg/100 ml (normal, 15-45 mg/100 ml); 
spinal fluid protein electrophoresis dis- 
closed 1.6 mg/100 ml of IgG or 16% of total 
CSF protein, with a normal value less than 
14%. There were no cells in the spinal fluid 
and culture of CSF showed no growth. 
Screening of urine for homocystine and 
mucopolysaccharides was negative. 

It was thought that illnesses other than 
hereditary progressive ataxia were ex- 
cluded and a diagnosis of olivopon<ocere- 
bellar atrophy, autosomal dominant type, 
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Fig 5.—Inferior olivary nucleus showing slight patchy neuronal 
loss and heavy gliosis (Cresyl violet stain, x 32). 


was made. At this time, it was not known 
that the patient's father and grandfather 
had been reported by Boller and Segarra' 
to have spinopontine degeneration. 


PATHOLOGICAL FINDINGS 


We are reporting pathological ob- 
servations of patient 1 only. At 
necropsy, the body weighed 55 kg. 
There was diffuse wasting of the 
muscles, more pronounced in the lower 
extremities. The lungs showed severe 
bilateral bronchopneumonia. Other 
findings included marked calcific 
atherosclerosis of the abdominal aorta 
and complete thrombotic obstruction 
of the distal aorta, both common iliac 


arteries, and left renal artery, marked 
calcific atherosclerotic stenosis of the 
proximal segment of the right coro- 
nary artery, chronic cystitis, and 
chronic duodenal ulcer. 

The 10% formaldehyde-fixed brain 
weighed 1,168 gm, having a volume of 
1,150 cc. The cerebral hemispheres 
were symmetrical, with convolutional 
atrophy accentuated in frontal and 
temporal areas (Fig 2). There was 
minimal thickening of the leptome- 
ninges over the cerebral hemispheres 
and more pronounced thickening of 
the leptomeninges around the Circle 
of Willis. The large arteries at the 
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Fig 6.—Section of pons showing fibrous gliosis of nuclei basis 
pontis, superior olivary nuclei, trapezoid bodies, ventral cochlear 
decussation, vestibular nuclei, nuclei of median eminences, and 


medial lemnisci, particularly in its medial portions (Holzer stain, 
x 2.T). 





Fig 7.—Section from cerebellar hemisphere showing mild to 
moderate loss of myelinated fibers (Weil myelin stain, X 32). 
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Fig 8.—Section from cerebellar vermis. Left, Mild loss of granule cells, nerve fibers of folial white matter, 
and severe decrease in number of Purkinje's cells. Purkinje's cell axons show occasional "torpedoes." 
Right, Age-matched control (Bodian silver impregnation, x 32). 
base of the brain were atherosclerotic. ^ did the cerebellar vermis. The volume The brain stem was smaller than 


The pons was markedly atrophic, of the central and folial white matter ^ usual, with well preserved crura cere- 
being about two thirds of the normal of the cerebellum was significantly ^ bri and prominent olivary eminences. 
size. The middle cerebral peduncles reduced. The fourth ventricle was The aqueduct was mildly enlarged. 


were equally reduced in size. The cere- enlarged (Fig 3). The inferior and The spinal cord appeared grossly thin, 
bellar hemispheres, however, did not ^ superior cerebellar peduncles were with grayish atrophic anterior roots in 
appear grossly atrophic and neither moderately small. the lumbar segments of the cord. 
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Fig 10.—Coronal section of brain at level of mammillary bodies 
showing fibrous gliosis of globi pallidi, ventrolateral thalamic 
nuclei, posterior hypothalamus, and in lateral angles of ventricles. 


(Holzer stain, x 1.7). 


Frontal sections through the brain 
showed enlarged sulci and gaping 
Sylvian fissures. The third and lateral 
ventricles were mildly enlarged. 
Microscopically, there was mild to 
moderate loss of myelinated fibers in 
the posterior funiculi and ventral 
spinocerebellar tracts of the spinal 
cord (Fig 4). The fasciculus gracilis 
showed more loss of myelinated fibers 
and more fibrous gliosis than the 
cuneate fasciculus in all levels of the 
spinal cord except at the junction of 
the cervical spinal cord and medulla 
oblongata, where both fasciculi were 
densely gliotic. At this level, the spino- 
cerebellar tracts showed fibrous glio- 
sis as well. There was moderate loss of 
neurons of Clarke’s columns and of 
dorsal root ganglia. No definite loss of 
nerve cells could be established in the 
intermediate gray matter and dorsal 
horns of the spinal cord. Numerous 
corpora amylacea were found 
throughout the white matter of the 
cord and particularly in the posterior 
funiculi. The corticospinal tracts were 
normal. The anterior horns showed a 
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decreased number of nerve cells, 
particularly in lumbar segments of 
the cord. The cytoplasm of the remain- 
ing motor cells contained clusters of 
lipochrome pigment, and some of the 
nerve cells of the anterior horns were 
vacuolated. The anterior nerve roots 
of the lumbar segments showed loss of 
myelinated fibers, increased endoneu- 
rial connective tissue, and thickening 
of the walls of the arterioles. The 
corresponding striated muscles 
showed groups of angular atrophic 
fibers, indicating denervation atro- 
phy. 

In the medulla oblongata, the 
pyramidal tracts were intact. There 
was moderate loss of neurons and 
marked fibrous gliosis of the arcuate 
nuclei. The inferior cerebellar pedun- 
cles showed loss of volume and some 
gliosis. There was fibrous gliosis of 
the medial and inferior vestibular 
nuclei, the accessory cuneate nuclei, 
the nucleus and tract of the solitary 
fasciculus, and the spinal nucleus and 
tract of the trigeminal nerve bilater- 
ally. Mild fiber loss in the medial 








lemnisci was noted. The inferior 


olivary nuclei showed mild to moder- 


ate patchy neuronal loss, with heavy 
fibrous gliosis (Fig 5). 

The basis pontis was significantly 
reduced in size, showing severe 
fibrous gliosis and moderate loss of 
neurons of the nuclei basis pontis. The 
superior olivary nuclei, medial vestib- 
ular nuclei, nuclei of the median 
eminences, trapezoid bodies, ventral 
cochlear decussation, and medial lem- 
nisci, particularly in its medial por- 
tions, showed fibrous gliosis (Fig 6). 
There was moderate loss of myeli- 
nated fibers of the inferior cerebellar 
peduncles. The middle cerebellar pe- 
duncles were moderately reduced in 
size. The central tegmental tract and 
medial lemnisci were mildly small and 
somewhat pale on myelin-stained sec- 
tions. 

The cerebellum showed marked 
reduction in size of the central and 
folial white matter, with mild to 
moderate loss of myelinated fibers 
(Fig 3, 7, and 8) and moderate gliosis 
of the remaining white matter. There 
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Fig 11.—Electron micrograph of spinal cord neuron. Crystalloid particles were located in 
lateral cytoplasm (uranyl acetate-lead citrate, x 32,200). Inset, Lattice-like arrangement 
of crystalloid particles in cross section (uranyl acetate-lead citrate, x 85,100). 


was mild loss of granule cells and 
severe patchy loss of Purkinje's cells, 
with mild Bergmann's astrocytosis 
(Fig 8 and 9) The Purkinje's cell 
axons showed occasional swellings 
("torpedoes") (Fig 8). The cerebellar 
hemispheres were slightly less in- 
volved than the cerebellar vermis. The 
dentate nuclei showed moderate 
patchy neuronal loss, with correspond- 
ing gliosis. Few of the surviving nerve 
cells showed central chromatolysis. 

In the midbrain, the superior cere- 
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bellar peduncles were mildly pale in 
myelin-stained sections and so were 
the central tegmental tracts. While 
the substantia nigra, cerebral pedun- 
cles, and third and fourth nerve nuclei 
were normal, there was moderate loss 
of neurons and astrocytosis in the red 
nuclei. 

The cerebral cortex, including hip- 
pocampus, showed no loss of neurons 
and well preserved cytoarchitecture. 
No significant gliosis of the cortex 
was found. There was mild loss of 
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myelinated fibers of the central hemi- 
spheral white matter, with a corre- 
sponding degree of astrocytosis. The 
globus pallidus showed severe loss of 
neurons, with severe fibrous gliosis on 
both sides (Fig 10). There was mild 
fibrous gliosis of the ventrolateral 
thalamic nuclei and more pronounced 
gliosis in the posterior hypothalamus. 
The caudate nuclei were normal. 


ELECTRON MICROSCOPY 


The cerebellar cortex showed nor- 
mal-appearing granule cells. Purkinje 
cell cytoplasm and processes con- 
tained dilated endoplasmic reticulum 
and flat or curvilinear stacked cister- 
nae, often related to swollen but rela- 
tively preserved mitochondria. No 
cytoplasmic crystalloid or fibrillar 
inelusions were noted. The spinal cord 
gray matter showed many large glial 
nuclei and fibrous processes. Anterior 
horn cell cytoplasm was distended 
with lipofuscin. Within both myeli- 
nated and unmyelinated axons, single 
or multiple pale circular filamentous 
inclusions were seen that displaced 
cytoplasmic organelles peripherally 
but were not segregated by limiting 
membranes. In a few neurons, crystal- 
loid structures were seen, always 
located in marginal cytoplasm. These 
structures were composed of electron- 
lucent cores and lattice-like dense 
membranes (Fig 11). Vermiform tu- 
bular arrays were not observed. 


COMMENT 


In five generations of this Anglo- 
Saxon family, living for 3'2 centuries 
in northern Rhode Island, there were 
11 males and 11 females affected with 
progressive ataxia and dysarthria. 
There were an additional six members 
of the family who probably had the 
same illness. The disorder has ap- 
peared in each generation and is 
equally distributed between both 
sexes, suggesting an autosomal domi- 
nant mode of transmission. 

Many clinieal findings in our two 
cases of family W were similar to 
those described by Boller and Segarra' 
and Taniguchi and  Konigsmark. 
There were, however, several differ- 
ences in contrast to published cases, 
such as abolished tendon reflexes and 
flexion contractures of lower extremi- 
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ties in patient 1 and early onset at the 
age of 18 years and palatal myoclonus 
and optic nerve atrophy in patient 2, 
with mild to moderate dementia in 
both patients. These observations em- 
phasize the clinical heterogeniety in 
DSPA. It is evident that on clinical 
grounds alone, it is difficult to differ- 
entiate DSPA from OPCA. All de- 
scribed symptoms and signs of DSPA 
have been reported also in OPCA. A 
similar clinical variability within 
family members with OPCA was 
emphasized by Schut and Haymaker,’ 
including the presence of optic atro- 
phy and early onset of the disorder. 
The atrophy of the pons and spinal 
cord in association with normal 
appearance of the cerebellum, as 
observed in our patient 1, are the 
characteristic macroscopical ‘findings 
of DSPA. As Scherer* has noted, 
however, in some cases of OPCA, the 
cerebellar atrophy may be hardly no- 
ticeable grossly, making macroscop- 
ical distinction between OPCA and 
DSPA difficult, if not impossible. 
Microscopical scrutiny of the avail- 
able histological sections of patient 1 
showed definite involvement of the 
cerebellum and mild to moderate rare- 
faction of the neurons of the inferior 
olivary nuclei. The latter, however, 
was only slightly greater than that in 
the age-matched control but with 
significantly greater fibrous gliosis 


(Fig 5). Interestingly, in Boller and. 


Segarra’s patient E. W., the cere- 
bellum was not available for study, 
and in their patient R. W., the cere- 
bellum was mildly involved, while 
Taniguchi and Konigsmark? described 
moderate cerebellar atrophy, giving 
the impression that they no longer 
required normality of the cerebellum 
for the diagnosis of DSPA. One might 
argue that the cerebellar changes, 
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particularly granule cell loss, are 
secondary to the involvement of the 
spinal cord and pons. Marked loss of 
Purkinje’s cells and formation of so 
called “torpedoes” in our patient 1 
makes this possibility unlikely. The 
mild involvement of the inferior 
olivary nuclei in our patient 1 further 
obscures the distinction between 
DSPA and OPCA. Also, the review of 
the literature showed that the lesions 
of OPCA vary in severity and extent. 
Extrapyramidal and cerebral cortical 
lesions as found in our patient 1 have 
also been seen in OPCA. 

The two previous ultrastructural 
studies of cerebellum in OPCA by 
Petito et al and Landis et al^ empha- 
size Purkinje's cell loss and a variety 
of cytoplasmic alterations, many of 
which have been noted in normal 
poorly fixed material or in other path- 
ological conditions. Landis et al 
described vermiform tubules and crys- 
talloid particles in Purkinje’s axons in 
two members of the Schut-Swier 
kindred, raising the issue of possible 
viral participation in the cellular 
pathology of hereditary ataxia. 

Filamentous axonal inclusions in 
the ventral gray matter of the spinal 
cord, as noted in our study, have been 
described previously by Takahashi et 
al’ in a variety of diseases but not in 
OPCA. These inclusions, resembling 
corpora amylacea, probably represent 
a nonspecific morphological change. 

Lattice-like crystals are rarely de- 
scribed neuronal cytoplasmic inclu- 
sions. The crystalloid inclusions in 
spinal neurons, similar to those in 
Purkinje’s cells in OPCA, may be 
used as a morphological marker in 
hereditary degenerative disorders, 
stressing the pathologic as well as 
clinical comparability of DSPA and 
OPCA. The possibility that lattice-like 
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crystals represent a virus-induced 
alteration in genetically susceptible 
individuals was suggested by Landis 
et al.’ 

Just as the distinction between 
DSPA and OPCA is not possible on 
clinical grounds, the pathological dif- 
ferences are also not clear-cut, and 
electron microscopical observations as 
well are of the type seen previously in 
OPCA cases. Pathological differences 
between DSPA and OPCA appear to 
be inthe severity and perhaps extent 
of the lesions rather than form. 

More case reports will be needed 
and perhaps clarification of the etiolo- 
gy and pathogenesis before we will be 
able to say whether or not the DSPA is 
a separate nosological entity or a 
variant of OPCA. 


Edward P. Richardson, MD, Raymond D. 
Adams, MD, and their co-workers provided 
comments at the Neuropathological Conference 
of Massachusetts General Hospital, where the 
paper was presented. Frances Blackman and Eva 
Medeiros prepared the histological slides, and 
Peter Skomoroch and Noubar Kessimian, MD, 
produced the photographs. 
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Child Neurology 


Cebocephalus Associated With 


Trisomy 13-15 Mosaicism 


Vichien Lorch, MD; Rita Fojaco, MD; Charles R. Bauer, MD 


€ A case of cebocephalus occurred in 
association with a 10% mosaicism of 
trisomy 13-15. Both parents of the 
affected child had normal karyotypes. 
Cebocephalus has been associated with 
abnormal chromosomes such as a dele- 
tion of the short arm of chromosome 18 as 
well as with trisomy 13-15. 

(Arch Neurol 35:163-165, 1978) 


Oe variations of holoprosen- 
cephaly have been reported. De- 
Myer et al' classified this disorder into 
five types, graded according to facial 
appearance and degree of severity: 

1. Cyclopia.—A single or partially di- 
vided eye that lies in a single orbit; 
arrhinia with a proboscis. 

2. Ethmocephalus.—Extreme orbital 
hypotelorism but separate orbits; 
arrhinia with a proboscis. 

3. Cebocephalus.—Orbital ^ hypotelo- 
rism and proboscis-like nose. 

4. Median Cleft Lip.—Orbital hypotelo- 
rism and a flat nose. 

5. Median Philtrum Premaxillary Pri- 
mordium.—Orbital hypotelorism, bi- 
lateral cleft lip, a flat nose, and a 
median process. 

This report describes a case of type 

3, cebocephalus, associated with 1096 

mosaicism of trisomy 13-15. 
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REPORT OF A CASE 

An infant girl was born to a 23-year-old 
primigravida mother after 34 weeks of 
gestation. There was no history of consan- 
guinity or congenital malformations in the 
family. 

Antenatal history was complicated by 
persistent vomiting during the last month 
of pregnancy, 4+ pitting edema of the 
lower extremities, and polyhydramnios. 
The baby was born by vaginal delivery and 
had Apgar scores of 5 at one minute and 6 
at five minutes. The infant had a single 
nostril and rapidly developed respiratory 
distress that required endotracheal intuba- 
tion. The diagnosis of choanal atresia was 
made because of inability to pass a cath- 
eter through the nose. The baby was trans- 
ferred to the Neonatal Intensive Care Unit 
of the University of Miami for further 
diagnosis and treatment. 


On admission, the infant weighed 1,620 
gm, was 40.5 em long, and had a head 
circumference of 31.5 cm. These measure- 
ments placed her in the 25th percentile for 
weight, 10th percentile for length, and 50th 
percentile for head size according to the 
Denver intrauterine growth curves. She 
was intubated, but breathing spontaneous- 
ly. Vital signs were within normal limits. 
The head appeared enlarged and cranio- 
tabes was present. The sutures were widely 
separated with no continuity. The eyes 
were small, with an antimongoloid slant 
and hypotelorism. The ears were low set 
and the nose contained only one nostril 
with a hypoplastic nasal bone. The bridge 
of the nose was depressed. Choanal atresia 
was confirmed. There was micrognathia 
with a high arched palate. The neck was 
short and webbed. Transillumination of the 
head showed abnormal findings, more oc- 





Fig 1.—Left, Severely malformed brain shows absence of olfactory structures, longitu- 
dinal fissure, and, right, presence of a leptomeninges covering a single ventricle. 
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Fig 2.—Top, Primary cell line with normal female configuration of 46 XX. Bottom, Second cell | 
sex chromosome configuration (XX), and extra chromosome identified as being in D (13-15) group. 


ine with 47 chromosomes, female 
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cipitally than frontally. Results of the 
remainder of the physical examination 
were normal. The infant died at 30 hours of 
age. 


PATHOLOGICAL FINDINGS 


The impressive postmortem find- 
ings were microphthalmia, absent 
anterior fossa of the cranial vault, and 
a deficient ethmoid bone formation. 
The brain weighed 160 gm and was 
severely deformed with no longitu- 
dinal fissure evident. Instead, a 
leptomeninges partially covered the 
brain and lined a single ventricle (Fig 
1). There was arrhinencephaly with 
absent olfactory structures bilater- 
ally, an abortive olfactory suleus on 
the right and absence on the left, 
hypoplastic optic nerves and chiasm, 
and absence of the medullary pyramid 
with secondary absence of the corti- 
cospinal tract in the spinal cord. Histo- 
logically, there were moderately se- 
vere focal necrosis of the subepen- 
dymal germinal layer, diffuse astrocy- 
tosis, and focal proliferation of the 
arachnoidea. 

Additional findings included a neu- 
roblastoma in situ of the adrenal 
gland, multiple acute gastric and 
duodenal ulcers, and bronchopneu- 
monia. The eyes were small, but histo- 
logically normal. 


GENETICS 


On examination of the chromosome 
specimens of this infant, grown from 
skin fibroblasts, two cell lines were 
identified. One cell line, comprising 
90% of the cells examined, showed a 
normal female configuration of 46X X 
with both Giemsa stain and Q- 
banding techniques (Fig 2, top). 

The other cell line, comprising 10% 
of the cells examined, showed a model 
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number of 47, with a female (XX) sex 
chromosome configuration (Fig 2, bot- 
tom). The extra chromosome was 
identified as coming from the D (13- 
15) group. However, further banding 
studies have been unsuccessful in 
ascertaining which specific D chromo- 
some is in excess. The infants rapid 
death prevented repeat studies. 

Both parents underwent chromo- 
some analyses and were found to have 
normal karyotypes. 


COMMENT 


Cebocephalus derives its name be- 
cause of a supposed resemblance to a 
platyrrhinie monkey face character- 
ized by a flat and rather rudimentary 
nose. Ceboeephalic patients have been 
reported sporadically in the litera- 
ture. 

Smith? describes the primary defect 
in the prochordal mesoderm occurring 
in the embryo prior to 21 to 25 days of 
gestation. This defect causes a syn- 
dromie malformation ranging from 
cyclopia or cebocephalus to holopros- 
encephaly plus cleft lip and cleft 
palate. 

The CNS anomalies are linked to 
the degree of arrested prosencephalic 


cleavage. The prosencephalon may fail 


to cleave sagittally into cerebral hem- 
ispheres or transversely into telen- 
cephalon and diencephalon or horizon- 
tally into the optic and olfactory bulb. 
This failure results in its persistence 
as a holoprosencephalon. | 

The combination of malformations 
involving the face and CNS in this 
infant are estimated to have occurred 
during the first 5% to 6% weeks of 
gestation. The malformations were 
limited to the rhinencephalon, a deri- 
vative of the telencephalon, which 
develops during this period. Other 
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structures formed from the telenceph- 
alon, namely, the basal ganglia and 
cerebral cortex, were essentially unaf- 
fected in this case. The anomalies in 
the anterior fossa of the cranium were 
secondary to the absence of the 
rhinencephalon. 

Cebocephalic malformations have 
been associated with chromosome 
anomalies. Grolin et al? and Smith et 
al' have reported cases associated with 
a short arm deletion of chromosome 
18. Haworth and co-workers? have 
deseribed three cebocephalic infants, 
two of whom had absence of the pitui- 
tary gland and hypoplasia of the 
adrenal cortex. In addition, one 
showed hypoplasia of the thyroid 
gland. Chromosomes were reported to 
be normal by Haworth, but were later 
reexamined by Uchida et al^ and were 
found to have a deletion of the short 
arm of chromosome 18. Bühler et al’ 
and Connen et al* have reported cebo- 
cephalus associated with trisomy 13- 
15. 

Other forms of holoprosencephaly 
such as cyclopia have been reported by 
Fujimoto et al* and Singh et al'? to be 
associated also with trisomy 13-15. 
Holoprosencephaly with median facial 
defects such as cleft lip and/or cleft 
palate have been reported in associa- 
tion with trisomy 13-15 by Smith,’ 
Connen,* and Miller" and their col- 
leagues. Normal chromosomes have 
been reported by Landau et al? and 
Marshall et al." 

In this case cebocephalus was asso- 
ciated with 10% mosaicism of trisomy 
13-15; both parents were normal. 
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CNS; Carmen Acosta prepared the manuscript. 
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Recurrent Disseminated Vasculomyelinopathy 


Charles M. Poser, MD; Gustavo Román, MD; E. Stanley Emery III, MD 


e The monosymptomatic (recurrent in- 
fantile hemiplegia) and the polysymptom- 
atic forms of disseminated vasculomyeli- 
nopathy that follow various infections and 
antigenic challenge to the nervous system 
were seen in two cases. These cases 
emphasize the importance of vasculop- 
athy as the initial and obligatory compo- 
nent of the postinfectious and postimmu- 
nization neurologic syndromes as well as 
the clinical and pathological variability of 
the secondary effects on the nervous 
system. Recurrent infantile hemiplegia 
occurred in the first patient. In the second 
patient, after two episodes of postinfec- 
tious | myelinoclastic encephalopathy, 
concurrent acute hemorrhagic leukoen- 
cephalopathy and an acute Guillain-Barré 
syndrome following swine flu vaccination 
developed. 

(Arch Neurol 35:166-170, 1978) 


thorough review of the clinical 

and neuropathological manifes- 
tations of the postinfectious and 
postimmunization reactions of the 
nervous system led to the introduction 
of the concept termed disseminated 
vasculomyelinopathy.' This hypothe- 
sis was based in part on the exhaus- 
tive review of parainfectious encepha- 
lomyelitis and related syndromes by 
Miller et al. 

We suggested that the one obliga- 
tory component of the hyperergic 
tissue reaction consists of a vasculop- 
athy that might involve arteries, 
arterioles, or veins. Other components 
in this reaction also occur such as 
perivascular edema, inflammatory re- 
sponse, glial reaction, hemorrhage, 
and, in particular, myelinoclasia. Of 
them, edema is by far the most 
common secondary result of the initial 
vasculopathy and is often the only 
cerebral manifestation. The particular 
type of preceding infection or anti- 
genie challenge has no relation to the 
severity or type of pathological 
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changes, or to the localization of the 
lesions in various parts of both the 
central and peripheral nervous sys- 
tems, which may vary greatly. Thus, 
disseminated ^ vasculomyelinopathy 
encompasses a clinical and patholog- 
ical spectrum that includes the post- 
and parainfectious and immunization 
encephalomyeloradiculopathies, acute 
hemorrhagic ^ leukoencephalopathy, 
acute cerebellitis, some cases of pseu- 
dotumor cerebri, some cases of acute 
infantile hemiplegia, as well as the 
Guillain-Barré syndrome. 

The cases we report here illustrate 
widely varying aspects of the clinical 
and pathological spectrum of dissemi- 
nated vasculomyelinopathy. The same 
clinical syndrome recurred after dif- 
ferent antigenic insults in one pa- 
tient, but quite different clinical 
responses followed the stimuli in the 
second patient. The first patient had a 
rare instance of recurrent acute infan- 


. tile hemiplegia in which a hyperergic 


pathogenesis was strongly suggested. 
The second case illustrates that quite 
different pathological reactions, ie, an 
acute hemorrhagic leukoencephalopa- 
thy and an acute Guillain-Barré syn- 
drome, may occur coincidentally after 
a single antigenic stimulus; in this 
instance immunization with mono- 
valent swine flu vaccine. 


REPORT OF CASES 


Case 1.—A 3-month-old girl was admit- 
ted to the hospital in April 1969 because of 
the sudden onset of a left hemiplegia. Five 
days earlier an upper respiratory infection 
developed with a temperature of 40 C. She 
was seen by a pediatrician who performed 
a lumbar puncture that showed clear and 
colorless CSF with five lymphocytes, a 
protein level of 28 mg/100 ml, and a glucose 
level of 50 mg/100 ml. The neurological 
examination at the time was normal. The 
day before admission a left hemiplegia 
suddenly developed. Her medical history 
was unremarkable. 

Results of examination disclosed a 
febrile and irritable baby. The child’s ante- 
rior fontanelle was soft, the neck was 
supple, the chest was clear to percussion 
and auscultation, and heart rate and 


sounds were normal. She had a left central 
facial paresis and a left hemiparesis with 
hyperreflexia, including left ankle clonus. 
Plantar responses were flexor bilaterally. 
A lumbar puncture showed clear and 
colorless CSF with no WBCs and 18 RBCs, 
a protein level of 31 mg/100 ml, and a 
glucose level of 70 mg/100 ml, with a 
concomitant serum glucose level of 122 
mg/100 ml. Findings from bacteriologic 
and viral studies were all normal. An EEG 
obtained on admission was interpreted as 
abnormal because of diminished response 
to photic stimulation in the right posterior 
lead. 

The problem was diagnosed as an acute 
infantile hemiplegia following a probable 
viral illness. Treatment consisted of intra- 
muscular dexamethasone, 1 mg initially, 
followed by 0.5 mg three times a day. 
Complete return of function of the left side 
was noted 72 hours later. A second EEG 
obtained immediately before the patient 
was discharged was considered normal. 

Four months after discharge, the pa- 
tient, who had been completely well in the 
meantime, showed the typical lesions of 
chickenpox. Five days later, the parents 
noted left arm weakness in the baby, and 
she was readmitted to the hospital. The 
typical lesions of varicella were noted, 
although she had no fever, and results of 
neurological examination again demon- 
strated a left hemiparesis with left facial 
involvement, more severe in the arm and 
face than in the leg. A lumbar puncture on 
admission indicated clear and colorless 
CSF that contained nine WBCs and 6,125 
RBCs per cubic millimeter, a total protein 
level of 44 mg/100 ml, and a y-globulin 
value of 10%. A coincidental serum 
y-globulin was 7%. Findings from bacterio- 
logic and virologic studies were normal. 
Treatment with intramuscular dexametha- 
sone, 1 mg twice a day was again started 
immediately. Twelve hours later the baby 
had no symptoms. 

Approximately one month later, and 
about three days after the onset of a mild 
head cold without fever, the mother noticed 
that the baby was not using her left arm. 
The infant was treated at home with a 
series of three intramuscular injections of 
0.5 mg of dexamethasone for 12 hours. She 
completely recovered within 24 hours. 

The last follow-up report was obtained in 
May 1971 when she was 2 years and 4 
months old. At that time she was complete- 
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ly normal. The usual program of immuniza- 
tions, which had been delayed for one year, 
was administered without reactions. 


The cause of the two upper respira- 
tory infections that preceded the first 
and third episodes is unknown but is 
presumably viral. The second episode 
was clearly associated with varicella. 
Because of the postinfectious nature 
of the neurological complication, a 
vasculomyelinopathy of the focal en- 
cephalopathic type was diagnosed. 
The recurrence of the neurological 
problem is noteworthy, as its prompt 
and dramatic response to dexametha- 
sone. We suspect that the pathology in 
this case consisted of edema of 
branches of the right internal carotid 
artery and surrounding white matter 
in the first episode, and probably of 
edema of the middle cerebral artery in 
the second and third episodes. The 
elevated CSF y-globulin level? sup- 
ports the idea of a hyperergic reaction 
- involving the nervous system. There 
was no suggestion that thrombotic or 
embolic phenomena were at work in 
this baby. 


CASE 2.—A 6-year-old boy was admitted 
to the Neurosurgical Service of the hospital 
in May 1966 with a sudden fever and a 
massive left hemiplegia. Unfortunately, no 
information is available regarding a pre- 
ceding illness. A right common carotid 
arteriogram was performed that suggested 
the presence of an avascular mass in the 
right parietal region. The possibility of a 
brain abscess was considered and the child 
was treated vigorously with antibiotics. 
The fever subsided but because of progres- 
sive signs of increased intracranial pres- 
sure, neurosurgical intervention was car- 
ried out. At operation, brain edema was 
noted; the cortex of the right parietal lobe 
was incised and the subcortical tissue was 
found to be friable, succulent, and some- 
what yellower than normal white matter. 
Microscopic examination of cerebral tissue 
obtained at operation showed the features 
of classical acute perivenous myelinoclastic 
leukoencephalopathy (Figure). Severe in- 
flammatory reaction, tissue necrosis, and 
perivenous edema were all present, al- 
though the cortex and meninges were 
normal. Findings from all viral studies 
were normal. The left hemiplegia even- 
tually became a mild hemiparesis and the 
child continued to improve during the next 
4ló years. 

In September 1970, the child was read- 
mitted because of fever, headache, confu- 
sion, somnolence, and slurred speech. Three 
days before, he had started vomiting and 
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had a high fever. The day before admission 
he became somnolent and then confused. 

Neurological examination disclosed a 
restless 10-year-old boy with no intelligi- 
ble verbal communication who failed to 
respond to simple commands. He had no 
papilledema; his optic discs appeared pale 
and did not respond to light or menace. 
There was a moderately severe right hemi- 
paresis with decreased response to pin 
prick on that side as well as bilaterally 
symmetrical hyperreflexia and bilateral 
Babinski signs. A lumbar puncture was 
performed that indicated normal opening 
pressure with clear and colorless CSF that 
contained 28 WBCs (30% lymphocytes), 32 
mg/100 ml of protein, and a normal glucose 
level. An EEG showed generalized slowing 
with maximal amounts of delta activity 
over the right hemisphere. A few hours 
later, the child became comatose and mani- 
fested decerebrate posturing and signs of 
brain stem herniation. Treatment with 
prednisone was started. 

The boy recovered extremely slowly but 
his neurological improvement coincided 
with each of two courses of oral prednisone. 
The severe right hemiparesis and aphasia 
persisted until he was discharged two 
months after admission. During the course 
of hospitalization, four additional lumbar 
punctures were performed: all showed 
clear, colorless CSF that contained no 
leukocytes and a total protein content of 
68, 75, 61, and 68 mg/100 ml, respectively. 
In the initial CSF, the IgG was 17.4%; one 
month later it was 13.9%. Findings from all 
viral studies were negative. A second EEG 
one month after admission showed diffuse 
bilateral slowing more prominent on the 
left than on the right. 

One year later, his visual acuity was only 
20/400 and optic atrophy was still noted as 
were bilateral Babinski signs. The child 
required special schooling. By the age of 12, 
he was beginning to read short stories and 
follow complex directions, but still could 
not perform calculations. He was able to 
ride a bike and had no motor weakness 
although apraxia of the right hand 
persisted as well as some expressive apha- 
sia. In December 1971, grand mal seizures 
with left-sided signs and postictal weak- 
ness of the left face developed. An EEG 
showed an epileptogenic focus of the right 
posterior parietal area. Treatment with 
sodium phenobarbital controlled the sei- 
zures completely. In July 1972, his vision 
had improved to 20/100, with correction for 
myopia, but he still had expressive aphasia. 
There was minimal weakness of the right 
side, right hyperreflexia, and a right 
Babinski sign. An EEG obtained early in 
December 1974 was still diffusely slow, 
more so on the right and essentially 
unchanged from the record obtained in 


January 1971. 

A few days later, the patient was again 
admitted to the hospital because of fever, 
headache, neck stiffness, and somnolence. 
The only observations on examination 
were severe nuchal rigidity and a petechial 
rash over the arms and abdomen. A spinal 
tap showed numerous Gram-negative dip- 
lococci. Cultures confirmed the initial diag- 
nosis of meningococcal meningitis. Treat- 
ment with intravenous penicilin G and 


- dexamethasone was started. Shortly there- 


after, purpuric lesions appeared and labo- 
ratory evidence of intravascular coagulo- 
pathy was obtained. The patient recovered 
completely and was discharged 13 days 
after admission. A neurological examina- 
tion made before discharge was identical to 
the one made a few months before his 
acute illness. During the following year, he 
returned to his previous level of activity 
and continued to improve in school. 

In November 1976, he was admitted to 
the hospital because of fever, headache, 
nausea and vomiting, somnolence, and 
neck stiffness of five days’ duration. 
Eighteen days before the onset of symp- 
toms he had been vaccinated with monova- 
lent swine flu vaccine. Before admission he 
had received five doses of oral ampicillin 
sodium. 

Results of examination on admission 
showed a febrile, lethargic, 17-year-old 
boy who was oriented to time, place, and 
person but responded with short sentences 
and had a very short attention span. The 
neck was slightly rigid; there was a right 
central facial weakness, but no motor 
deficit was noted. All deep tendon reflexes 
were active and symmetrical but both 
plantar responses were extensor. The 
initial lumbar puncture (see the Table) 
suggested the possibility of a partially 
treated, modified acute bacterial menin- 
gitis and despite the fact that the CSF 
smear showed no organisms, treatment 
with intravenous penicillin G and chloram- 
phenicol was started. Within eight hours of 
admission, the patient had become stupor- 
ous, quadriplegic, and completely areflexic. 
He had to have respiratory assistance. A 
second lumbar puncture 36 hours after the 
initial one showed bloody, xanthochromic 
CSF. This condition persisted for the next 
three weeks. Based on this, the diagnosis of 
acute hemorrhage leukoencephalopathy 
combined with an acute Guillain-Barré 
syndrome following swine flu vaccination 
was established and treatment with intra- 
muscular dexamethasone, 6 mg every four 
hours, was instituted and maintained for 
the next 11 days after which it was 
tapered. After approximately five days, 
the patient became alert, responded to 
commands, and conversed normally. Nev- 
ertheless, his very severe flaccid quadri- 
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Biopsy material from parietal white matter. Multiple areas of perivascular myelinoclasia, 
edema, and inflammatory reaction (Luxol fast blue-eosin stains). 
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*Fourth hospital admission. 
1P/L96 indicate neutrophils /lymphocytes. 


plegia continued unchanged for the next 
several months, totally unaffected by the 
dexamethasone treatment. He needed res- 
piratory assistance for the next six weeks. 
He had been very slow to recover function, 
and seven months after admission he is 
still quadriparetic. 


The diagnosis at the time of the 
patient's first admission was acute 
childhood hemiplegia. The mass effect 
showed by cerebral arteriography un- 
questionably represented localized 
edema. A cerebral biopsy established 
the pathological diagnosis of acute 
perivenous myelinoclastie encephalop- 
athy. His second episode was consider- 
ably more severe, involving the other 
side of the brain, but strongly sugges- 
tive of much more generalized in- 
volvement as manifested by a pro- 


168 Arch Neurol—Vol 35, March 1978 


Cerebrospinal Fluid Values for Case 2* 


Glucose 
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Hospital Count, Count, Protein, Serum, 
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longed deep coma. In addition, his 
optic nerves were undoubtedly af- 
fected. The CSF IgG level was 
elevated twice, which supports the 
hypothesis of the hyperergic nature of 
the illness. Despite treatment with 
prednisone, recovery was slow and 
incomplete. 

It is difficult if not impossible to 
associate the meningococcal menin- 
gitis with the other three nervous 
system illnesses. The third episode 
was undeniably connected with the 
swine flu vaccination. This episode 
differed from the previous two in 
several respects: whereas the nervous 
system reaction in the first two had 
been essentially focal, at least at the 
onset, in the third episode, it was 
generalized and it affected the cere- 


bral white matter as well as the spinal 
roots and peripheral nerves. In addi- 
tion, the pathological reaction dif- 
fered noticeably. An acute hemor- 
rhagic response took place in the brain 
as opposed to presumed demyelina- 
tion of spinal roots and nerves. Bloody 
xanthochromic CSF that contains 
many polymorphonuclear leukocytes 
is characteristic of acute hemorrhagic 
leukoencephalopathy.*^ Finally, the 
cerebral symptoms responded dra- 
matieally to dexamethasone therapy 
whereas the Guillain-Barré syndrome 
did not. Here again, the three episodes 
of vasculomyelinopathy followed what 
were almost certainly different infec- 
tious or antigenic stimuli. No informa- 
tion is available regarding the first 
episode, the second episode was pre- 
ceded by what appeared to have been 
an acute gastroenteritis, and the third 
episode was related to swine flu vacci- 
nation. 


COMMENT 


The fact that viral infections may 
be followed by nervous system symp- 
toms has been recognized for many 
years. Glanzmann* and van Bogaert’ 
suggested originally that these neural 
complications represented some kind 
of allergie phenomenon. Subsequent- 
ly, many other authors supported this 
hypothesis. The study made by Miller 
et al? provided considerable data that 
illustrated the widespread variety of 
clinical and pathological reactions fol- 
lowing diseases such as measles, 
chicken pox, and German measles. 
Their extensive review showed that in 
addition to the more commonly 
encountered disturbance of the brain 
itself, the spinal cord, the spinal roots, 
and the cranial and peripheral nerves 
were also involved. Reports have been 
published mentioning the occurrence 
of optic neuropathy, papilledema, oph- 
thalmoplegias, brachial plexopathies 
as well as various types of mononeu- ` 
ropathies in these patients. This clin- 
ical variation was also illustrated by 
Boughton* in a review of 170 patients 
with neurological complications of 
measles. 

The neuropathological observations 
in such patients can best be illustrated 
by the complieations of measles. In 
their review of 44 patients, Miller et al’ 
reported that perivenous myelinocla- 
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sia was present in 30 patients, 
edema was noticeable in 13, infiltra- 
tion of the wall of the vein itself was 
- present in seven, a perivenous inflam- 
matory reaction occurred in 37, and 
perivenous hemorrhages in 1l. The 
fact that the pathological reaction did 
not represent a sequential, chronolog- 
ical development is suggested by the 
observations in the cases of three chil- 
dren all dying in less than 12 hours 
with measles encephalopathy. The 
findings in the first patient consisted 
of hyperemia, mononuclear infiltra- 
tion in the walls of small veins, and 
occasional perivenous microglia; the 
second patient had  perivascular 
hemorrhages exclusively, and the 
third patient had edema, congestion, 
massive perivenous demyelination, 
microglial infiltration, and severe 
axon damage. 

Poser' added more documentation, 
not only for infections but also for a 
wide variety of immunizations and 
vaccinations, pointing to the identity 
of the reactions in both these types of 
nervous system complications, and 
deriving from the clinical and patho- 
logical models the more inclusive 
concept of disseminated vasculomyeli- 
nopathy. Seitelberger* made an im- 
portant contribution to this concept 
with his observation that in more than 
half of his patients with encephalop- 
athy which occurred after small pox 
vaccination, the only observable histo- 
pathological abnormality consisted of 
edema of the cerebral white matter. 
He used the term "congestive edema- 
tous encephalopathy" which corre- 
sponds to older terms such as acute 
toxic encephalopahty and acute serous 
encephalitis. Further evidence for 
support of the clinical and neuropath- 
ological spectrum included in the term 
disseminated ^ vasculomyelinopathy 
can be found in the reviews by 
Poser'^ and by Toro et al.“ 


Differing Features 


The widely differing features of the 
two cases reported here will be 
discussed individually. 

Acute Infantile Hemiplegia.—Infec- 
tion has been recognized as the most 
frequent heralding event of acute 
hemiplegia of infancy and child- 
hood." Many causes, including such 
obvious ones as subdural hematomas, 
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neoplasms, encephalitis, and menin- 
gitis have been described. Surpris- 
ingly, a hyperergic vasculopathy with 
or without its more extensive cerebral 
tissue reaction such as perivascular 
edema, inflammation, and myelinoc- 
lasia has rarely been mentioned. 

Massive focal encephalopathy fol- 
lowing infection with all the clinical 
hallmarks of a vascular accident has, 
however, been described in children 
by Sandifer’ and by Connolly et al.” 
Poser" has also reported it after the 
administration of tetanus antitoxin. 
Ford and Schaffer’ have pointed out 
that in the hemiplegias associated 
with generalized infection, the vascu- 
lar changes were focal and quite 
different from those seen in vascular 
involvement secondary to local infec- 
tion. They thought that most cases of 
infantile hemiplegia are the result of 
the effect of various toxins on the 
cerebral vessels. Tyler'* believed that 
the focal encephalopathies occurring 
after measles were the result of 
thrombosis of major vessels. Toro and 
Roman’ have demonstrated the hy- 
perergic nature of the vasculopathy in 
cerebral malaria secondary to Plas- 
modium falciparum, and have 
stressed the identity of the overall 
neuorpathic picture to that of dissem- 
inated vasculomyelinopathy. Major 
focal lesions are also seen in their 
patients. 

Recurrent Episodes.—Few such re- 
currences have been noted. Alcock and 
Hoffman" reported such a patient 
and Lamarche et al" reported a 
patient with recurrent hemorrhagic 
encephalopathy. Chronic relapsing 
polyneuritis, however, is a relatively 
well-known illness, so much so that 
Prineas and McLeod” were able to 
collect 23 patients in a period of four 
years. Several adult cases of recurrent 
or relapsing encephalomyelitis are 
somewhat more difficult to interpret 
since the problem of steroid depen- 
dence must be considered as well as 
the possibility that the recurrence 
might in fact represent exacerbations 
of multiple sclerosis." However, nei- 
ther of these considerations apply to 
our patients. 

In our first case, all episodes might 
be described as being monosymptom- 
atic. The most logical explanation is 
that they represent instances of 


pathoclisis, a concept advanced by the 
Vogts and refined by Scholz." The 
recurrence affected an area of selec- 
tive vulnerability or locus minoris 
resistentiae following the initial inju- 
ry to the right hemisphere during the 
course of the first episode. This 
phenomenon has also been demon- 
strated experimentally by the induc- 
tion of experimental allergic encepha- 
lomyelitis,^ hypoglycemia,’ and hy- 
ponatremia." 

In the second case, the various 
episodes were multisymptomatic al- 
though during the second episode the 
previously affected right hemisphere 
may well have been involved again. 
More important is the fact that 
distinctly different localizations as 
well as pathological reactions oc- 
curred. The first episode was demon- 
strated definitively to consist of peri- 
venous myelinoclastie encephalopa- 
thy. It is likely that the second episode 
was similar but in addition, the optic 
nerves were also affected. As a result 
of the third episode, both brain and 
spinal roots and nerves were involved 
simultaneously. 

In both patients, their three epi- 
sodes followed different infectious or 
antigenie stimuli. Since it has now 
been demonstrated that a single etio- 
logie agent, eg, measles, can result in 
different types of pathological re- 
sponses, as well as in widely different 
clinical manifestations, it is unlikely 
that the nature of the insult played 
any role. It is more likely that there 
are differences in the host immune 
mechanisms, including differences in 
vulnerability of various parts of the 
nervous system, and that the patho- 
genetic reaction is activated by non- 
specific immunologic recall phenom- 
ena. Prineas and McLeod” pointed out 
that in their patients with chronic 
relapsing polyneuritis, nonspecific ill- 
nesses recorded within a month of the 
onset of neurological symptoms or of a 
relapse were quite varied in nature. 

Response to Swine Flu Vaccination.— 
Several hundred patients with Guil- 
lain-Barré syndrome have been de- 
scribed following the administration 
of both monovalent and bivalent flu 
vaccine during the fall of 1976 in the 
United States. Unfortunately, little 
attention has been paid to other 
nervous complications of this vaccine. 
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It is likely that they were more 
common than was realized. In addi- 
tion to two other patients with clas- 
sical Guillain-Barré syndrome, we 
observed at least two patients with 
facial palsy and two with brachial 
plexopathy, as did Furlow.** We also 
noted a well-documented case of 
transverse myelopathy associated 
with a Guillain-Barré syndrome (docu- 
mented with nerve conduction stud- 
ies) that occurred exactly ten days 
after vaccination with the monovalent 
flu vaccine. On the basis of previous 
experience with many vaccines, it 
would have been most unusual for the 
swine flu vaccine reactions to have 
been restricted to only spinal roots 
and nerves. 

Although the combination of acute 
hemorrhagic leukoencephalopathy 
and acute Guillain-Barré syndrome 
was theoretically not unexpected in 
our second case, it is unusual. It under- 
lines the fact that not only can 
different parts of the nervous system 
be involved, but also that strikingly 
different pathological reactions may 
occur simultaneously. The acute hem- 
orrhagie leukoencephalopathy is an 
intrinsic part of the postinfectious 
and postimmunization vasculomyeli- 
nopathy spectrum; this has been docu- 
mented by Russell,” Poser,':'’ Toro et 
al'^" and Hart and Earle. On the 
other hand, it is hardly unusual that 
the Guillain-Barré syndrome should 
be associated with involvement of 
brain and spinal cord. The Guillain- 
Barré syndrome is arbitrarily defined. 
Poser and Fowler” and more recently 
Gamstorp" and others have empha- 
sized that the limits of the syndrome 
are artificial. This syndrome, whether 
or not it is restricted to spinal roots 
and nerves, can be seen following a 
wide variety of infections and immu- 
nizations.' ^" 

Response to Corticosteroid (Dexa- 
methasone) Therapy.—The positive re- 
sponse all three times by the first 
patient indicates that very little path- 
ological reaction had taken place 
beyond the initial vasculopathy and 
perivascular edema. The response of 
the second patient to prednisone was 
incomplete and transient during the 
second episode. In his third episode, 
however, there was a most striking 
difference between the very dramatic 
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response of the acute hemorrhagic 
leukoencephalopathy to therapy and 
its complete inefficacy regarding the 
Guillain-Barré syndrome. Byers’ 
stressed the usefulness of this treat- 
ment for acute hemorrhagic leukoen- 
cephalopathy. The value of such treat- 
ment remains extremely controver- 
sial, in the Guillain-Barré syndrome. 
We are tempted to suggest, on the 
basis of the response to this therapy of 
our second patient during his third 
episode, that the antiedema and 
antiinflammatory effects of the corti- 
costeroids resulted in the improve- 
ment of the cerebral symptoms, 
whereas in the Guillain-Barré syn- 
drome the myelinoclasia, which must 
have taken place, was not affected. 
Since it is impossible to determine 
clinically if the myelin sheath has 
been affected as the result of a vascu- 
lomyelinopathy, it is not feasible to 
predict possible responses to corticos- 
teroid therapy. Nevertheless, because 
of our experience in these two, as well 
as other cases of postinfectious and 
postvaecinal ^ vasculomyelinopathy, 
and bearing in mind that edema is a 
major sequela of the early vasculopa- 
thy, we strongly recommend starting 
vigorous corticosteroid therapy as 
quickly as possible in the treatment of 
these syndromes. | 


Daniel Perl, MD, Division of Neuropathology, 
provided the slide for the Figure. 


Nonproprietary Name and 
Trademarks of Drug 


Ampicillin sodium—Alpen-N, — Amcill-S, 
Omnipen-N, Penbritin-S, Polycillin-N, 
Principen/N. 
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Intracerebral Arterial Aneurysm 


in a Newborn 


Yun Joo Lee, MD; Stephen R. Kandall, MD; Violette S. Ghali, MD 


e Angiographic diagnosis of an intrace- 
rebral aneurysm in a neonate was made 
on the 13th day of life following persistent 
neurological symptoms that began at 
birth. Rupture of the aneurysm probably 
occurred within the first day of life. This 
unusual condition should be considered 
in newborn infants with unexplained 
neurological signs or intracranial hemor- 
rhage. 

(Arch Neurol 35:171-172, 1978) 


a of a congenital intra- 

cerebral aneurysm within the 
neonatal period is quite uncommon.'" 
To our knowledge, our case represents 
only the second recorded instance of 
antemortem diagnosis of such an 
aneurysm. 


REPORT OF A CASE 


A female infant, weight 3,465 gm, was 
born to a 21-year-old woman para 0010 
after a 42-week gestation. A previous fetal 
death occurred at 36 weeks gestation; no 
intracranial vascular malformations were 
noted at autopsy. During the current preg- 
nancy, results from oxytocin challenge 
tests that were performed weekly from the 
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36th to the 42nd weeks of gestation were 
normal, and serum estriol determinations 
during the last month ranged from 15 to 25 
mg/100 ml. Following eight hours of mild 
to moderate contractions during labor, 
"early" fetal heart decelerations were 
noted in conjunction with passage of 
meconium. Apgar scores were 8 at one and 
five minutes after delivery by cesarean 
section. 

On admission to the Newborn Intensive 
Care Unit, Beth Israel Medical Center, 
New York, the infant's pulse rate was 150 
beats per minute, respirations were 46 per 
minute, and blood pressure was 60 mm Hg 
systolic. Initial head cireumference was 34 
cm; the anterior fontanel was flat and 
measured 3 x 3 em. Neurological examina- 
tion showed generalized hypotonia, an 
incomplete Moro reflex, a weak nonsus- 
tained cry, depressed suck and gag 
reflexes, and a right medial esotropia. 
Because of maternal meperdine adminis- 
tration, naloxone hydrochloride 0.04 mg 
was administered to the infant without 
clinieal improvement. Initial hematocrit 
reading was 50%. 

During the first 24 hours after birth, 
gavage feedings were required. At 24 
hours postnatal age, a tense, bulging 
fontanel and bilateral esotropia suddenly 
developed; head circumference had in- 
creased 1 cm. Results of subdural taps were 
normal. Lumbar puncture showed tea- 
colored, noticeable xanthochromatic spinal 
fluid with 220,000 RBCs per cubic milli- 
meter, rare WBCs, a protein concentration 
of 558 mg/100 ml, and a glucose concentra- 
tion of 25 mg/100 ml. Intermittent clonic 
seizure activity was noted on the second 


day after birth and persisted for five days 
despite phenobarbital therapy. 

On the tenth day, the infant became 
unresponsive and required supportive me- 
chanical ventilation. The anterior fontanel 
was tense and head circumference in- 
creased to 38 em. The hematocrit reading 
decreased from 45% to 34% within 24 hours. 
Ventrieular tap yielded tea-colored fluid 
under increased pressure bilaterally. Multi- 
ple ventricular taps for relief of increased 
intracranial pressure were performed dur- 
ing the following three days. On the 12th 
day, a pneumoencephalogram showed ven- 
trieular dilation. A carotid angiogram 
performed through an umbilical artery 
catheter on the 13th day showed a large 
aneurysm of the basilar artery (Figure). 

The infant remained comatose, and 
serial electroencephalograms were isoelec- 
trie. Head circumference increased to 42 
em on the 28th day and the patient died on 
the 37th day after birth. 

Pertinent postmortem findings were 
confined to the brain. The ventricular cavi- 
ties were dilated and were filled with 
hemorrhagic fluid. The cerebral mantle 
was thin and measured 0.3 cm. The brain 
weighed 110 gm, compared with an 
expected weight of 410 gm. The medulla 
appeared flattened, widened, and com- 
pressed in the dorsoventral diameter. The 
basilar artery was in its normal anatomic 
position; near its bifurcation was a saccular 
aneurysmal dilation measuring 3 cm at its 
greatest diameter. The wall of the aneu- 
rysm was grossly intact and no point of 
leakage could be identified. Microscop- 
ically, the wall of the aneurysm was of 
varying thickness; remnants of stretched 
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Angiogram showing large aneurysm of basilar artery. 


and fragmented elastic lamina and smooth 
muscle could be identified. The lumen of 
the aneurysm was completely occluded by a 
thrombus that showed partial organization 
at its periphery. Sections of cerebrum, 
cerebellum, and medulla showed noticeable 
neuronal degeneration and depletion. 


COMMENT 


To our knowledge, only three pre- 
vious reports documented the pres- 
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ence of a congenital intracerebral 
aneurysm during the neonatal peri- 
od.'-? In one of those patients,’ overt 
neurological symptoms were first not- 
ed at 18 days of age and diagnostic 
angiography was performed at 26 
days of age. Successful clipping of a 
middle cerebral artery aneurysm was 
effected three days later. However, in 
the other two cases,'* diagnosis of the 
aneurysm was made only at post- 
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mortem examination despite the pres- 
ence of neurological symptoms from 
the time of birth. One aneurysm arose 
from the junction of the posterior 
cerebral artery and posterior commu- 
nicating branch on the right, while the 
other arose from the inferior cere- 
bellar artery. Our report represents 
only the second case of antemortem 
diagnosis of an intracerebral aneu- 
rysm in the newborn period. 

Intracranial hemorrhage occurring 
either antenatally or within the first 
24 hours of life was confirmed by the 
initial lumbar puncture, showing cre- 
nated RBCs, noticeable xanthochro- 
matic, and an increased spinal fluid 
protein concentration. Although path- 
ological confirmation of aneurysmal 
bleeding could not be obtained, this 
possibility seems extremely likely in 
view of the absence of fetal asphyxia 
and birth trauma. 

The diagnosis of an intracerebral 
aneurysm should be considered in any 
newborn when neurological symptoms 
are not easily explained. Diagnostic 
evaluation may lead to the detection 
of an aneurysm prior to a noticeable 
hemorrhage, which was associated 
with neurological deterioration in all 
four reported cases. Cerebral angiog- 
raphy through an umbilical artery 
catheter was used to diagnose the 
condition of our patient. Computer- 
ized axial tomography, however, has 
been shown to visualize large aneu- 
rysms' and intracranial hemorrhage 
in neonates, and may, therefore, 
become the preferred diagnostic mo- 
dality. This may be of therapeutic 
importance since, although this condi- 
tion is quite rare, successful repair of 
an intracerebral aneurysm early in 
life has been reported.’ 
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Brief Communications and Clinical Notes 


Intermittent See-Saw Eye Movements 


Report of a Patient in Coma After Hyperextension Head Injury 


e For 24 hours after an automobile 
accident, a 19-year-old comatose man 
exhibited spontaneous, intermittent, see- 
saw, rotatory, and downward eye move- 
ments, with synchronous lid elevation. 
These unusual movements, which appear 
most closely related to nonpendular see- 
saw nystagmus and atypical ocular bob- 
bing, probably resulted from the severe 
pontomedullary tegmental damage found 
at autopsy. 

(Arch Neurol 35:173-174, 1978) 


| Pis aad eye movements, such as 
ocular bobbing, opsoclonus, and 
ocular myoclonus are occasionally ob- 
served in comatose patients, but the 
coordinated lid and globe movements 
of the following patient appear to be 
unique. 


REPORT OF A CASE 


A 19-year-old man was unconscious and 
required cardiopulmonary resuscitation at 
the scene of an automobile accident. He 
arrived at a nearby hospital in a coma, with 
fixed pupils, blood in the left ear canal, and 
diffuse swelling of his neck. 

He was transferred to University of 
Southern California/Los Angeles County 
Medical Center where he remained apneic, 
flaecid, and unresponsive. His pupils were 3 
mm and fixed, and curious periodic lid and 
eye movements were noted. Cold water 
irrigation of the right ear evoked only 
slight convergence movements. Roentgen- 
ograms showed occipital-atlas dislocation 
and his EEG showed diffuse delta slowing, 
without change during eye movements. 

At rest, the eyelids were slightly open 
and the globes were in the primary position 
(Fig 1, top). Once or twice per minute his 
lids would elevate fully in several jerky 
steps, simultaneous with conjugate down- 
ward saccadic globe movements (Fig 1, 
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center). For the next four to eight seconds, 
the eyes would repeatedly jerk downward 
and inward with irregular torsion (faster 
component clockwise, with greater ampli- 
tude in the left eye) and slight alternating 
hypertropia (Fig 1, bottom). The lids were 
variably retracted and continued to jerk 
upward with each globe saccade. As eye 
movements ceased, his globes drifted 
upward and the lids slowly descended to 
the resting position. The pupils remained 
unchanged, no other movement occurred, 
and there was no relation to the ventilatory 
cycle or to any external stimuli. 

By 12 hours after admission, the eye 
movement episodes had become nearly 
continual, with marked levator tonus that 
relaxed completely for only a few seconds 
each minute. Dramatic globe rotations 
through an arc of about 30 degrees (greater 
amplitude in the left eye) with jerking 
irregular see-saw movements were now 


Fig 1.—Eye movements on admission. Top, 
Resting position of lids and globes. 
Center, As lids jerk open, globes descend 
(left eye moves lower than right). Bottom, 
Further downward eye movement, with 
increased esotropia. 


go SS 


James R. Keane, MD 


prominent (Fig 2). A quick clockwise move- 
ment, or sometimes several in succession, 
would be accompanied by simultaneous lid 
retraction, right eye elevation, and left eye 
depression. The reverse movement was 
usually slower and resembled passive 
relaxation but, on occasion, was clearly 
forceful and saccadic. 

Twenty-four hours after admission, the 
pupils dilated to 5 mm and the eye and lid 
movements had stopped. Forty-eight hours 
after admission, he was declared dead. 

At autopsy, pathologic findings were 
limited to the head and neck and included 
minimal patchy subdural hemorrhage, ex- 
tensive basilar subarachnoid hemorrhage, 
scattered small cerebral and cerebellar 
cortical contusions and petechiae, and 
upper cervical spine cord contusion. Exam- 
ination of the upper brain stem and thal- 
amus disclosed scattered periaqueductal 
gray matter hemorrhages at the pontomes- 


Fig 2.—Eye movements are almost contin- 
ual 12 hours after admission, with 


increased rotatory movements. Top, Ini- 
tially, line of corneal exposure in left eye is 
horizontal (arrows). Center, Left eye turns 
in and downward with strong clockwise 
rotation. Bottom, Right eye moves down 
and inward, with counterclockwise rota- 
tion. 
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encephalic junction (Fig 3, left). The lower 
pons and medulla were severely damaged, 
with lacerations at the pontomedullary 
junction and diffuse tegmental petechiae 
(Fig 3, right). 


COMMENT 


The downward, rotatory, and see- 
saw eye movements exhibited by this 
comatose patient most closely resem- 
ble see-saw nystagmus and ocular 
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Fig 3.—Gross sections of brain stem. 
Left, Upper brain stem damage largely 


confined to caudal periaqueductal 
hemorrhages. Right, Pontine tegmental 
petechiae and medullary contusions. 


bobbing. 

See-saw nystagmus is a rare form 
of disjunctive rotatory nystagmus in 
which each eye alternately moves up 
as the other goes down. See-saw move- 
ments are usually pendular and, typi- 
cally, elevation coincides with intor- 
sion. Suprasellar tumors involving the 
mesodiencephalon are the commonest 
cause of see-saw nystagmus, but a 
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see-saw component of rotatory nys- 
tagmus has been described in five 
patients who had clinical evidence of 
lesions in the pons or medulla.’ 
Seven** of approximately 45 reported 
cases of see-saw nystagmus have 
resulted from trauma, including one 
patient whose nystagmus somewhat 
resembled that of the present case’: 
“A phasic elevation and intorsion of 
the right eye occurred simultaneously 
with a phasic depression and extorsion 
of the left eye. These movements were 
periodic, recurring every three to four 
seconds, and lasting two to three 
seconds.” See-saw nystagmus has not 
been described as occurring in coma or 
with associated lid movements. 

Ocular bobbing refers to intermit- 
tent, quick, downward eye movements 
caused by bilateral pontine tegmental 
dysfunction.^ Considerable vertical 
dissociation and torsion may occur 
even in the absence of third nerve 
damage. Bobbing occasionally occurs 
in awake patients and in comatose 
individuals with spontaneous eye 
opening, but the synchronized levator 
contraction seen in our patient has not 
been described, and the nearly-contin- 
uous, complex movements that 
evolved in the present case lost all 
resemblance to ocular bobbing. 

The patient's virtual decapitation 
and the pattern of his brain stem 
damage are compatible with hyperex- 
tension head injury." Widespread 
central nervous system injury pre- 
cludes discrete clinicopathological cor- 
relation, but the preponderant low- 
stem involvement suggests that the 
see-saw movements may be the result 
of damage to the pontomedullary 
tegmentum. 
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Selective Vacuolar Myopathy _ 
With Atrophy of Type II Fibers 


Occurrence in a Childhood Case of Acid Maltase Deficiency 


Dikran S. Horoupian, MD, FRCP(C); K. Ratnaker Kini, MD; Lester Weiss, MD, PhD; Ronald Follmer, MD 


€ A 12-year-old boy being examined for 
vague chest pains was found to be 
suffering from acid maltase deficiency. 
Unlike previously reported cases in which 
vacuolization was most commonly noted 
in type | fibers, type II fibers were selec- 
tively involved in this patient and were 
atrophic. Type | fibers were spared, or 
occasionally contained one or more small 
globular structures consisting of large, 
complex aggregates of lysosomal pro- 
files. . | 

(Arch Neurol 35:175-178, 1978) 


lycogenosis type II or acid maltase 
deficieney (AMD), long consid- 

ered to be fatal in the first two years 
of life; has been subsequently re- 
ported in older infants and adoles- 
cents.^* In 1968 Engel and Dale? 
described the condition in an adult. 
Subsequent reports stressed the clin- 
ical heterogeneity of AMD in its late- 
onset forms,*' in which the illness 
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usually has a milder course and the 
symptoms often mimic those of other 
myopathies. The extent of glycogen 
accumulation, and hence vacuolization 
in muscle, has differed considerably.* 
Usually, type I fibers appeared to be 
more involved. 

The following report describes 
AMD in a 12-year-old boy in whom 
vacuolization was almost exclusively 
present in type II fibers. 


REPORT OF A CASE 


The patient, a 12-year-old boy, was 
examined because of vague left-sided chest 
pain of three weeks' duration. He was the 
product of an uncomplicated pregnancy 
and delivery. The parents were not consan- 
guinous. There was no family history of 
neuromuscular disorders. His develop- 
mental milestones were normal. His moth- 
er had noticed during the last two months a 
decrease in her son’s stamina, and easy 
fatigability not associated with dyspnea. 
Progressive weakness in the upper extrem- 
ities had been observed in the past few 
months. The weakness was not episodic, 
related to exercise, or associated with 
cramps. There were no symptoms refera- 
ble to the muscles of deglutition, palate, 
eye movement, or bladder and bowel func- 
tions. Facial expression and respiratory 
movements were not compromised. 

The patient was at the 50th percentile 
for height and weight. Results of physical 


examination were not remarkable. Neuro- 
logical consultation disclosed weakness of 
the biceps, triceps, deltoid, and the brachio- 
radiales muscles. Slight weakness was also 
observed in the sternomastoid, iliopsoas, 
tibialis anterior, and peroneal muscles. The 
weak muscles appeared to be atrophic. No 
fasciculation or percussion myotonia were 
noted. The cranial nerves and fundi were 
normal. There were no pyramidal, extrapy- 
ramidal, or cerebellar manifestations. The 
plantar reflexes were flexor. There was no 
sensory deficit. During the next five days 
the chest pains gradually disappeared, but 
the patient still complained of fatigue. 
Laboratory investigations showed a serum 
creatinine phosphokinase (CPK) value of 
395 units (normal, less than 40); lactic 
dehydrogenase (LDH), 600 units (normal, 
less than 350). Complete blood cell count, 
sedimentation rate, serum electrolyte val- 
ues, calcium level, total protein concentra- 
tion, and protein electrophoresis values 
were all in the normal range. The fasting 
blood glucose level was 88 mg/100 ml, and 
serum thyroxine level was 3.9 ug/100 ml. 
Urinalysis results were not remarkable. 
There was no cardiomegaly and the chest 
roentgenogram was normal. Electrocardio- 
gram before and after the treadmill test 
was normal. Electromyography (EMG) 
showed a myopathic process. The ischemic 
exercise test with serial lactic acid determi- 
nations gave a normal response and the 
patient did not develop cramps. 

The patient was discharged on a regimen 
of epinephrine aqueous suspension 1:200 
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Fig 1.—Second biopsy specimen taken three months after initiation of epinephrine therapy. Top left, Only vacuolated fibers stain dark 


(menadione-mediated a-glycerophosphate dehydrogenase, x 100). Top 
9.4, x 250). Bottom left, Same as top right (reverse ATPase pH 4.3, x 250 


structures are more numerous than at top left (modified Gomori trichrome, x 250). 


(Sus-phrine), 0.3 ml subcutaneously twice a 
day. At subsequent visits he has shown 
significant improvement in muscle 
strength. Three years after the diagnosis, 
the patient continues to show no deteriora- 
tion of muscle strength and is partici- 
pating in regular classroom activities. His 
serum enzyme levels remain elevated: 
CPK, 635 units; LDH, 702 units; and SGOT, 
91 units. Repeated EMG has given consis- 
tently normal results except for oceasional 
pseudomyotonic discharges in the lumbar 
paraspinal muscles. 


Histologic Studies 


Methods.—T wo muscle biopsy specimens 
were obtained, one from the left deltoid 
muscle and one from the left biceps brachii, 
three months after the epinephrine thera- 
py was initiated. 

Each specimen was divided for routine 
histologie, enzyme  histochemistry, and 
electron microscopic studies. The 10-u thick 
cryostat sections were treated for the 
demonstration of myofibrillar adenosine 
triphosphatase (ATPase) at pH 9.4, 4.6, and 
4.3 according to the method of Brooke and 
Kaiser* and of acid phosphatase by means 
of a modified Burstone technique.'^ Mito- 
chondrial oxidative enzymes were studied 
by the reduced diphosphopyridine nucleo- 
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tide dehydrogenase (DPNH), succinic acid 
dehydrogenase (SDH), and menadione- 
mediated a-glycerophosphate dehydrogen- 
ase reactions. Other sections were stained 
with PAS with and without diastase, 
modified Engel's trichrome technique, Al- 
cian blue at pH 2.5 with and without dias- 
tase, oil red O, Sudan black, Baker's acid 
hematin, and hemotoxylin-eosin. The tis- 
sue for electron microscopy was fixed in 
2.5% glutaraldehyde phosphate buffer and 
processed for Epon embedding after osmi- 
cation; the thin sections were counter- 
stained with uranyl acetate and lead 
citrate. 

An additional muscle biopsy specimen 
for biochemical studies had also been 
obtained before the patient had begun 
receiving epinephrine. The total glycogen 
content, estimated according to Montgom- 
ery’s method," was found to be 1.75% (nor- 
mal, 0.4% to 1.2%). The acid maltase activ- 
ity, determined by the method described 
by Hudgson et al^ was 0.011 nmoles/mg/ 
min (control, 0.168 and 0.133 nmoles/mg/ 
min). The acid phosphatase activity'? was 
twice the normal value. 

Additional Laboratory Tests.—Findings 
from electron microscopie studies of the 
fibroblast cultures and peripheral white 
blood cells from the patient and his parents 
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right, Type Il fibers are selectively involved (regular ATPase pH 
). Bottom right, Vacuolization is more pronounced and globular 


were not remarkable. The patient's father 
refused a muscle biopsy when his serum 
enzyme values were found to be moder- 
ately elevated. 

Results.—About 30% of the muscle fibers 
in the deltoid and 40% in the biceps brachii 
were vacuolated. The vacuolated fibers 
were arbitrarily divided into two catego- 
ries. The larger, consisting of smaller 
atrophic fibers, contained tiny spaces 1 to 5 
p. in diameter. The other, smaller category 
displayed large vacuoles up to 30 y in 
diameter that replaced most of the fiber 
and often contained slightly refractile 
granular substance. The granular material 
in the large vacuoles was slightly hematox- 
yphilie, purplish, or violaceous in Engel's 
trichrome preparation, and had intense 
acid phosphatase activity. It stained blue 
with Aleian blue at pH 2.5; this was abol- 
ished after diastase digestion except for a 
few coarser granules that retained their 
aleianophilia. The content of the vacuoles 
was PAS-positive and removed with dias- 
tase. The vacuolated fibers showed intense 
activity and stained dark blue in the oxida- 
tive enzyme preparations (Fig 1, top left). 
Vacuolation was selectively present in type 
II fibers while type I occasionally displayed 
a central slit occupied by one or more 
globular struetures. These structures were 
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Fig 2.—Two large aggregates of amorphous material incorporating dense bodies, 
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autophagic vacuoles, and secondary lysosomes. They correspond to purplish globular 
structures that appear in center of type | fibers (x8,150). Thin halo of glycogen 
occasionally surrounds these heterogeneous organelles. 


well outlined, stained intensely red or 
purple in Engels trichrome, and were 
PAS-positive. They showed acid phospha- 
tase activity, and were deeply stained in 
the DPNH and SDH preparations. 

Fiber type differentation was distinct in 
the "regular" and "reverse" ATPase reac- 
tion (Fig 1, top right and bottom left) and 
in the myophosphorylase and menadione- 
mediated a-glycerophosphate dehydrogen- 
ase preparations. 
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The seeond biopsy specimen differed 
from the first in that it contained more 
vacuolated muscle fibers and the globular 
structures were more numerous (Fig 1, 
bottom right). | 

Electron Microscopy Studies.—The ultra- 
structural findings in both biopsy spec- 
imens were similar. The large vacuoles 
were usually filled with glycogen granules, 
osmiophilie dense bodies, membranous pro- 
files, mitochondria, and rarely remnants of 


myofibrils. In areas, the vacuoles appeared 
as empty spaces limited on the surface by 
the sarcolemmal membrane. Glycogen in 
the form of beta particles"? was either free 
in the intermyofibrillar spaces or con- 
tained within membranous profiles. Excess 
glycogen caused displacement, separation, 
and even replacment of the myofibrils. The 
membranous profiles, made up of a single- 
unit membrane, often encircled glycogen 
and dense bodies. The mitochondria in 
these vacuoles were not abnormally en- 
larged, and rarely displayed aberrant 
shapes. The smaller vacuoles had smoother 
contours, were filled with glycogen, and 
contained fewer membranous profiles and 
osmiophilie bodies. The occasional central 
slit in type I fibers was due to separation 
and displacement of the myofibrils by 
densely packed glycogen. The globular 
structures that occupied these slits were 
made up of heterogenous collections of 
abnormal organelles. The commonest were 
large aggregates of dense bodies, auto- 
phagic vacuoles, or secondary lysosomes 
(Fig 2). 


COMMENT 


The patient described here was first 
found to be suffering from a muscular 
disorder while he was being investi- 
gated for vague chest pains after an 
upper respiratory tract infection. The 
muscle biopsy specimen was consis- 
tent with AMD, and muscle enzyme 
assays confirmed the diagnosis by 
demonstrating a 15-fold reduction of 
a-glucosidase activity. Similar re- 
ports have stressed that AMD, espe- 
cially in its juvenile- and adult-onset 
forms, usually has a milder course and 
often occurs with vague progressive 
muscular weakness.’ The degree and 
the extent of vacuolization of skeletal 
muscle in these patients were quite 
variable.'* In our patient, atrophy and 
vacuolization in both biopsy spec- 
imens were almost selectively present 
in type II fibers. Identification of 
fiber types was based on the results of 
the “regular” and “reverse” ATPase 
reactions, since these are considered 
most reliable.'* The overly dark stain- 
ing of the vacuolated fibers in oxida- 
tive enzyme preparations was prob- 
ably an epiphenomenon, as this has 
been observed with the angulated 
fibers in neurogenic atrophy." In 
none of the cases of late-onset AMD so 
far described has the vacuolization 
been so selectively limited to type II 
fibers while sparing type I fibers, 
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although a few contained a narrow 
central slit occupied by globular struc- 
tures. Selective vacuolar myopathy of 
type II fibers has only been reported 
in normokalemic periodic paralysis" 
and in a patient who had vague 
abdominal symptoms associated with 
acute weight loss.’® The reason for the 
excess glycogen accumulating in type 
II fibers in this patient is not clear. 
These fibers normally have a higher 
concentration of glycogen than type I 
fibers. It is not unexpected, therefore, 
to find these fibers storing glycogen 
earlier than type I. However, this 
seems to be an unlikely explanation 
since in the adult form of the disease 
Engel and Dale,’ Schlenska et al,?° and 
Karpati et al" found vacuolization 
most frequently in type I fibers. The 
physiological and biochemical charac- 
teristics of type I and II fibers depend 
on appropriate innervation. Perhaps 
slight differences in the molecular 
composition of the enzyme acid mal- 
tase” in type I and type II fibers is 
influenced in part by their innerva- 
tion. The recent report by Karpati et 
al" of chronic denervation in adult- 
onset AMD appears to be pertinent. 
Although type II fiber atrophy is seen 
in a variety of conditions, it is quite 
often associated with neurogenic atro- 
phy. Our patient, who had atrophy of 
type II fibers, might have been 
suffering from subclinieal lower mo- 
toneuron dysfunction, and the added 
metabolic disorder was reflected more 
intensely in these fibers. Indeed, type 
II atrophy with vacuolization may 
well represent an early stage of late- 
onset AMD. 

Other histochemical and ultrastruc- 
tural findings were essentially similar 
to the cases previously described 
except for the globular structures 
present within the slits in type I 
fibers. Instead of being formed of 
large mitochondria, they consisted of 
complex aggregates of lysosomes. The 
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metachromatic material, which is con- 
sidered by some to be acid mucopoly- 
saccharide, was present in consid- 
erable amounts in our patient.” Prior 
digestion with diastase eliminated the 
aleianophilie property of most accu- 
mulated material in our case, concur- 
ring with the findings of Martin et al? 
that the alcianophilia at low pH might 
be due to phosphate radicals associ- 
ated with carbohydrate residues. 

Dietary restriction of carbohydrate 
and attempts to mobilize tissue gly- 
cogen with epinephrine injections 
seems to have been beneficial in our 
patient. Although the second muscle 
biopsy specimen disclosed more va- 
cuoles, the patient has shown improve- 
ment of muscle power. Whether this 
regimen will alter the course of the 
disease remains to be seen. 


G. Fine, Chief of Division of Surgical Pathol- 
ogy, Henry Ford Hospital, Detroit, permitted the 
use of his laboratory facilities. G. Hug, Children's 
Hospital Medical Center, Cincinnati, did the 
biochemical studies. Alfred Spiro, Department of 
Neurology, Albert Einstein College of Medicine, 
New York, gave critical comments. 
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Cryptococcal Meningitis 


Cure Despite Cryptococcemia 


Norbert J. Roberts, Jr, MD, R. Gordon Douglas, Jr, MD 


€ Cure of cryptococcal meningitis ac- 
companied by cryptococcemia was 
achieved with amphotericin B therapy. 
Cryptococcal meningitis is associated 
with substantial morbidity and mortality, 
especially when accompanied by evi- 
dence of extraneural infection. Experi- 
ence with the patient reported suggests 
that associated cryptococcemia is not 
invariably associated with treatment fail- 
ure. 

(Arch Neurol 35:179-180, 1978) 


ryptococcal meningitis is asso- 
ciated with substantial morbidi- 
ty and mortality and remains difficult 
to cure with current therapeutic 
regimens.'* An especially high risk of 
failure has been reported when cryp- 
tococcal meningitis is accompanied by 
demonstrable eryptococcemia or other 
evidence of extraneural infection.' We 
report a case with such a presentation 
in which cure was achieved with a 
therapeutic course of 3 gm of ampho- 
tericin B. Cryptococcemia, therefore, 
does not indicate an invariably poor 
prognosis in the treatment of crypto- 
coccal meningitis. 


REPORT OF A CASE 


A 42-year-old man entered a community 
hospital in January 1975 complaining of 
severe headache accompanied by nausea. 
He had previously been in good health, 
although he reported having migraine, 
usually of less than one day duration, for 
the previous ten years. The current head- 
ache, however, had not been preceded by 
the customary aura and was more severe 
and more prolonged, having been present 
for five days. Initially migratory, the head- 
ache became fixed on the right side and 
was constant, nonthrobbing, and aching; it 
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was not relieved by analgesics. The patient 
experienced chills and fever, with diapho- 
resis on the third and fourth day of the 
headache and nausea and projectile vomit- 
ing on the fifth day. 

There was no history of recent sinusitis, 
ear infection, respiratory tract infection, 
or head trauma. Several months prior to 
onset of his illness, a barn housing pigeons 
and located quite close to his house had 
been torn down. Also, around that same 
time, he had worked in the crawl space 
beneath his house. Further characteriza- 
tion of the patient’s pain showed it to be 
accentuated by coughing, straining, or 
bending over, with no associated visual 
disturbances. He denied use of alcohol or 
tobacco but reported a 4.52-kg weight loss 
since onset of illness. Both he and his 
family had been in general good health. 
His only past hospital admission was in 
1971 for evaluation of nodules in his left 
parotid gland. The pathologic specimens 
were thought to be consistent with sarcoid 
at that time and on review during the 
present admission. He had no other signs 
of sarcoidosis then or at the time of the 
current admission. 

Lumbar puncture (LP) was performed 
on admission to the community hospital, 
showing an opening pressure of 290 mm 
H,O, a closing pressure of 215 mm H,O, and 
CSF with a total protein content of 100 
mg/100 ml, a glucose value of 51 mg/100 
ml, and no cells. His vomiting responded to 
antiemeties, and the patient was trans- 
ferred to our hospital on Jan 6, 1975. 

The patient was then afebrile. Physical 
examination including neurologic exami- 
nation was normal, except for the presence 
of a 1 em in diameter, firm, movable, 
nontender mass at the angle of the jaw on 
the left. Initial laboratory investigation 
showed a normal urinalysis and complete 
blood cell count, including a WBC count 
and differential cell count and electrolyte 
count, with a BUN value of 24 mg/100 ml. 
Erythrocyte sedimentation rate was 44 
mm/hr. Chest and skull roentgenograms, 
as well as perinasal sinus roentgenograms, 
were normal. À brain scan was normal. 
Electroencephalography showed mild dif- 
fuse slowing for the patient's age. Dental 
consultation showed no evidence of gross 
caries or abscesses. 


Lumbar puncture on the third hospital 
day disclosed a total protein content of 95 
mg/100 ml, a CSF glucose value of 48 mg/ 
100 ml, with a blood glucose value of 158 
mg/100 ml, but, again, no cells. By the 
seventh hospital day, the culture of that 
fluid grew budding yeast, and on the same 
day, a blood culture that had been drawn 
two days previously became positive for 
budding yeast. Many subsequent blood 
cultures did not show growth of the orga- 
nism. A diagnosis of cryptococcal menin- 
gitis was made, and amphotericin B 
therapy was initiated. Just prior. to 
starting the amphotericin treatment, an- 
other LP was performed. The results of 
that LP and others performed during the 
admission are shown in the Table. The 
yeast isolated from blood and CSF was 
subsequently identified as Cryptococcus 
neoformans, and no virus or bacteria were 
isolated. 

The daily dose of amphotericin B was 
increased in increments to a level of 0.75 to 
1.00 mg/kg daily, with adjustments made 
according to renal function. The patient’s 
headache resolved rapidly; chills and fever 
due to the amphotericin B administrations 
were managed by the use of antipyretics 
and steroids. 

Lumbar punctures were performed ap- 
proximately once weekly, and the data 
(Table) showed that, by the second week of 
treatment, cultures of CSF for Crypto- 
coccus had become negative and remained 


“so. Amphotericin B was not detectable in 


the CSF. Cryptococcal antigen was only 
detectable in the CSF of Jan 14, 1976, the 
first specimen so examined. Anticrypto- 
coecal antibody was detectable in serum 
only, at 1:2 dilution on Jan 15, 1975 and 1:4 
dilution on Jan 28, 1975. Amphotericin B 
was administered daily until the fifth week 
of therapy; at that time, the medication 
was changed to an alternate day regimen, 
giving double the previous dose every other 
day. A total of 3 gm of amphotericin B was 
administered. The last CSF analysis 
recorded in the Table was performed 
approximately one month after completion 
of therapy and discharge. The treatment 
course was associated with anemia and 
evidence of renal toxicity, both of which 
disappeared within two months of comple- 
tion of treatment. Three months after 
discharge, culture of the CSF was negative. 
Many subsequent attempts to obtain CSF 
for analysis were unsuccessful. The patient 
remains well more than 20 months after 
the completion of therapy. 


COMMENT 


We report this patient with crypto- 
coccal meningitis because of his excel- 
lent response to amphotericin B thera- 
py despite demonstration of crypto- 
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CSF Analysis 


Total 
Amphotericin B 
Received, mg 


Glucose Value, 
mg/100 mi 
(CSF/Blood) 


51/NA 


Pressure, 
mm H.O 
(Open/Closed) 


290/215 


Date Day of 
(mo/Day) Therapy* 


Total Protein 


Leukocytes/cu mm 
Content, mg/100 mi 


Culture? (MN/PMN)i 


Antigen§ 


150/110 


53/90 150/NA 





*Figures represent the total number of days of therapy. 


TPositive cultures represent those specimens from which C 


mycobacteria, or viruses. 


TMN indicates mononuclear leukocytes; PMN, polymorphonuclear leukocytes. 


$Complement fixation and latex tests used for c 


||NA indicates data not available. 


coccemia. Cryptococcemia has been 
régarded as an extremely poor prog- 
nostie indicator even after the advent 
of amphotericin B therapy. Butler et 
al^ reported 40 cases of cryptococcal 
meningitis, three of whom had dem- 
onstrated cryptococcal septicemia, 
and all three died of progressive 
meningitis. Hart et al’ reviewed nine 
cases of cryptococcal infection in their 
report on fungal infections in com- 
promised hosts. One of those patients 
had cryptococci isolated from the 
blood and died of the fungal infec- 
tion. 

Diamond and Bennett’ reported 111 
cases of cryptococcal meningitis and 
analyzed prognostic factors. They 
demonstrated poor prognosis with 
recovery of cryptococci from extra- 
neural sites, especially from the blood. 
In their study, a positive blood culture 
was invariably associated with treat- 
ment failure (none of 40 such patients 
were cured) and was usually asso- 
ciated with death. In addition, the 
patient described here had several 
significant risk factors for amphoteri- 
cin B treatment failure as delineated 


l Diamond RD, Bennett JE: Prognostic 
factors in cryptococcal meningitis: A study in 111 
cases. Ann Intern Med 80:176-181, 1974. 

2. Hart PD, Russell E Jr, Remington JS: The 
compromised host and infection: II. Deep fungal 
infection. J Infect Dis 120:169-191, 1969. 

3. Lewis JL, Rabinovich SH: The wide spec- 
trum of cryptococcal infections. Am J Med 
53:315-322, 1972. 

4. Young RC, Bennett JE, Geelhoed GW, et al: 
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by Diamond and Bennett: (1) a high 
initial CSF opening pressure; (2) 
initial CSF leukocyte count < 20/cu 
mm; (3) eryptococeus cultured from 
the blood; and (4) a moderate decrease 
in initial CSF glucose levels. Despite 
all these indicators of poor prognosis, 
the patient did well with a total 
dosage of 3 gm of amphotericin B, 
part of which was administered on an 
alternate day regimen. 

It is unclear whether our patient 
had an illness predisposing to crypto- 
coccal disease. Three years previously, 
he had been found to have granuloma- 
tous disease of a parotid gland, patho- 
logically most consistent with sarcoid- 
osis. However, he had no other signs 
of sarcoidosis at that time or to the 
present, six years later. Others have 
noted an association between sarcoid- 
osis and eryptococcosis,*’ but it has 
not always been clear whether the 
granulomatous reaction was due to 
sarcoid or to cryptococcal disease. 
Although cryptococci have been dem- 
onstrated in some such granuloma- 
tous lesions, this is usually not the 
case. Subsequent review of our pa- 
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ryptococcus neoformans could be grown. At no time were cultures positive for bacteria, 


ryptococcal antigen. Figures represent dilutions at which antigen was detectable. 


tient’s pathologic specimens from 
1971 showed a non-necrotizing granu- 
lomatous reaction, with no fungi or 
acid-fast bacilli demonstrable by spe- 
cial staining. Cryptococcal granu- 
lomas have been reported; with 
presentation in different locations in 
a patient at different times. We could 
not, however, ascribe the earlier gran- 
ulomatous lesion of our patient to 
cryptococcal disease. 

Although cryptococcemia remains 
an important and usually adverse 
finding,"* the course of the patient 
presented here demonstrates that 
cure is possible with presently avail- 
able therapy. 
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News 


Contemporary Clinical Neurology.— 
The Department of Neurology, Van- 
derbilt University will present the 
first annual postgraduate course on 
contemporary clinical neurology, July 
6-9, 1978, at Palmetto Dunes Hyatt 
Resort, Hilton Head Island, SC. The 
program chairman is Gerald M. Feni- 
chel, MD, professor and chairman. 
Topics are cerebrovascular disease, 
viral and demyelinating diseases, 
movement disorders, and neuromus- 
cular disorders. Contact: Vanderbilt 
Continuing Education, 305 Medical 
Arts Bldg, Nashville, TN 37212. 


Pediatric Neurosurgery.—The second 
annual “Postgraduate Course in Pedi- 
atric Neurosurgery” will be held from 
June 27-July 1, 1978 at Northwestern 
University Medical School, Chicago. It 
will be presented by the Division of 
Neurosurgery, Francisco A. Gutierrez, 
MD, program director. For informa- 
tion, contact Alumni Center for Con- 
tinuing Education, 301 E Chicago Ave, 
Chicago, IL 60611. 


Radiology of the Head and Neck.— 
Guy D. Potter, MD, is program 
chairman of a postgraduate course on 
“Radiology of the Head and Neck” 
sponsored by the American Society of 
Head and Neck Radiology, Inc to be 
held in New York City from May 26- 
28, 1978. 

The course will cover all modalities 
of radiology as applied to head and 
neck studies, including routine films 
plus tomography, angiography, ultra- 
sound, and computerized tomogra- 
phy. 

The anatomic areas to be discussed 
will include the ear, the paranasal 
sinuses, the orbit, the salivary glands, 
the mandible, and the larynx. 

Contact Dr Potter at 622 W 168th 
St, New York, NY 10032 for further 
details. 


Humanities Seminars For Medical 
Practitioners in 1978.—The National 
Endowment for the Humanities, a 
federal agency, will continue its 
program of humanities seminars for 
medical practitioners in 1978. The 
seminars, which meet during the 
summer at selected colleges and 
universities, will bring physicians and 
other health professionals together 
for a month of full-time study under 
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the direction of distinguished philoso- 
phers, historians, and others. The 
seminars are designed to give partici- 
pants the opportunity to stand back 
from their work and explore the 
humanistic dimensions of their pro- 
fession by studying such topics as the 
history of professional ethics in Amer- 
ican medicine, moral dilemmas in 
medical practice, and the relationship 
between individual and public rights 
in health care. A second series of 
seminars open to the members of 
various professions, including health 
practitioners, will deal with the ethical 
dimension in contemporary life, value 
conflict in our society, the cultural 
foundations of US-Asian foreign rela- 
tions, individualism in American soci- 
ety, and contemporary religious move- 
ments. 

From 12 to 15 persons will attend 
each seminar tuition-free, receiving a 
stipend of up to $1,200 to cover 
expenses, plus reimbursement for 
travel. Physicians, nurses, public 
health officials, hospital administra- 
tors, and other health professionals 
may apply. The application deadline is 
tentatively set for April 17, 1978. 
Further information about the semi- 
nars, application forms, and selection 
criteria, may be obtained from the 
Professions Program, Division of Fel- 
lowships, National Endowment for 
the Humanities, Washington, DC 
20506. 


Resch to Head Neurology at Minneso- 
ta.-Dr Joseph A. Resch has been 
appointed head of the Department of 
Neurology at the University of Min- 
nesota Medical School, Minneapolis, 
succeeding Dr A. B. Baker. 

A graduate of the University of 
Wisconsin Medical School in 1938, Dr 
Resch has been associated with the 
neurology department at Minnesota 
since 1946, serving as interim head 
since 1976. He is also an assistant vice- 
president for health sciences. 


Notes From NINCDS 


Huntington’s Disease Commission Re- 
port.—A National Plan for Hunting- 
ton’s disease was announced October 
17 in Washington by the Commission 
for the Control of Huntington’s Dis- 
ease and Its Consequences. The plan, 
presented to the President and Con- 
gress, climaxes a year’s effort in 


obtaining information and guidance 
from the world’s leading authorities 
on Huntington’s disease (HD), as well 
as from experts in areas relating to 
the problem, such as health services, 
clinical care, legal rights, new drug 
development, and psychological train- 
ing. Over 2,000 persons contributed to 
the report, which distills virtually all 
pertinent knowledge and represents 
the first concerted government effort 
to help Huntington’s disease victims. 

An important feature of the Na- 
tional Plan is a plea to Congress to 
increase appropriations for research, 
principally via NINCDS and the 
National Institute of General Medical 
Sciences. 

Since HD is a prototype with an 
extraordinary range of mental and 
physieal symptoms, the thrust of the 
plan is much broader than would be 
expected from a “single disease" 
commission. Support is sought for 
research in a whole spectrum of neuro- 
logical diseases with a known or 
possible genetic element. Cited as 
possible beneficiaries of research in 
these areas are sufferers from parkin- 
sonism, senility, schizophrenia, manic- 
depressive psychosis, multiple sclero- 
sis, the muscular dystrophies, and less 
well-known disorders such as Frie- 
drich’s ataxia and amyotrophic lateral 
sclerosis. 

Other key elements of the plan are a 
recommendation that programs of 
comprehensive health care for the 
chronically ill be included in any 
program of National Health Insur- 
ance, a recommendation that a Presi- 
dential Task Force be appointed to 
help promote and accelerate produc- 
tion of limited market drugs for rare 
disease, and programs to help keep 
patients at home and to train workers 
for new and related careers. 

The Commission also has recom- 
mended "Centers Without Walls"—a 
concept going beyond the traditional 
scheme in which special centers con- 
centrating on a single disease are 
built to house investigators and 
patients under one roof. "Centers 
Without Walls" would have clinical 
facilities for patients, but would also 
draw in the efforts of field personnel, 
community groups, and research in- 
vestigators at distant universities and 
medical centers. 

Of the few recommendations apply- 
ing to Huntington's disease exclu- 
sively, one proposes international col- 
laboration with Venezuelan scientists 
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to study a unique population of 
patients living near Lake Maracaibo, 
all of whom are descended from a 
sailor who jumped ship there in the 
1870s. Intermarriage among the de- 
scendants has led to a genetic 
concentration of considerable  re- 
search interest. 

Copies of the report, now in press, 
will be distributed by NINCDS. 

Dr Penry to Head International 
League Against Epilepsy.—Dr J. Kiffin 
Penry, director of the Neurological 
Disorders Program, NINCDS, has 
been elected president of the Interna- 
tional League Against Epilepsy. The 
League is a federation of professional 
chapters in 29 countries. It was 
founded in 1909 in Budapest and has 
as its primary mission the dissemina- 
tion of scientific and professional 
information about epilepsy. The 
League is responsible for the publica- 
tion of Epilepsia and operates two 
commissions concerned with interna- 
tional problems in epilepsy, one on 
classification and terminology, and 
one on antiepileptic drugs. 

Valproate Sodium.—The Neurolog- 
ical Drug Advisory Committee has 
recommended on October 12 that the 
Food and Drug Administration ap- 
prove valproate sodium for prescrip- 
tion sale. The drug, which has been 
used effectively for ten years outside 
the United States and is available in 
15 foreign countries, has been diffi- 
cult if not impossible to obtain here 
and is being purchased abroad at exor- 
bitant prices. 

NINCDS has made major contribu- 
tions to the development of valproate 
sodium and is currently conducting 
two controlled trials in collaboration 
with the University of Virginia School 
of Medicine and the New Castle State 
Hospital in New Castle, Indiana. The 
drug is also being studied in primates 
at the University of Washington 
School of Medicine. 

American Society For Neurochemis- 
try.—The ninth annual meeting of the 
American Society for Neurochemistry 
(ASN) will be held March 12-17, 1978, 
at the Shoreham Hotel, Washington, 
DC. The society has scheduled four 
symposia, each followed by an evening 
roundtable discussion. The symposia 
will focus on recent advances in 
multiple sclerosis research, neuronal- 
glial receptor interactions, neural pep- 
tides, and cell surfaces and control 
mechanisms in neuronal differentia- 
tion. The meeting will also include a 
public forum on “Brain Research: 
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National Costs and Dividends,” orga- 
nized by the National Public Policy 
Committee. For registration and oth- 
er program information, contact Dr 
Norman H. Bass, Department of 
Neurology, Box 394, University of 
Virginia Medical Center, Charlottes- 
ville, VA 22901. For details of the 
scientific content of the meeting, 
contact Dr Thomas N. Chase, Director, 
Intramural Research Program, Na- 
tional Institute of Neurological and 
Communicative Disorders and Stroke, 
Bldg 36, Room 5A-05, NIH Campus, 
Bethesda, MD 20014. 

World Congress of Neurology.—Over 
2,000 scientists from more than 60 
countries attended the Eleventh 
World Congress of Neurology held 
September 11-16 in Amsterdam, the 
Netherlands. The congress featured 
numerous satellite sessions, including 
a symposium on “Recent Advances in 
Neuropharmacology," which was or- 
ganized and sponsored by NINCDS. 
Among the topies discussed at the 
neuropharmacology session were new 
therapeutic approaches to parkinson- 
ism, myoclonus, ataxia, dyskinesia, 
and other neurologic disorders, as well 
as dopaminergic-cholinergie interac- 
tions and the role of peptides as 
central neurotransmitters. 

Speech Pathology and Audiology 
Manpower Report Published.—A report, 
"speech Pathology and Audiology: 
Manpower Resources and Needs," has 
been published by NINCDS. One of a 
series of five reports surveying man- 
power in fields of concern to the Insti- 
tute, the document presents data and 
analysis for making projections to the 
year 1985. Others in the series, all to 
be published in the next few months, 
deal with neurology, otorhinolarngol- 
ogy, neurosurgery, and basic and 
communicative sciences. Address re- 
quests for copies to Office of Scien- 
tific and Health Reports, NINCDS, 
Bethesda, MD 20014. 

Cerebrovascular Symposium.—An In- 
ternational Symposium on Cerebro- 
vascular Disorders and Stroke, spon- 
sored by the World Health Organiza- 
tion in collaboration with the Menar- 
ini International Foundation, will be 
held in Florence, Italy, April 5-7, 1978. 
Dr Murray Goldstein from the 
NINCDS is serving as program chair- 
man. Interested physicians and inves- 
tigators are invited to attend and 
participate. For details write to Fon- 
dazione Internazionale Menarini, 
Piazza Del Carmine, 4, 20121, Milan, 
Italy. 
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Familial Occurrence of Meralgia 
Paraesthetica 


To the Editor.—Nacke' in 1895 spoke 
of the heredity disposition to meralgia 
paraesthetica. The appearance of this 
disorder in several families has been 
reported, and a recent personal obser- 
vation has prompted this comment. 

A 16-year-old high school boy 
noticed numbness and discomfort in 
his left thigh. On examination, there 
was an area of anesthesia on the 
lateral aspect of his thigh in the distri- 
bution of the anterior branch of the 
lateral femoral cutaneous nerve. 
Otherwise, the examination was nor- 
mal. There was no systemic disorder 
nor background of trauma. 

Later it was found that his mater- 
nal grandmother and a maternal aunt 
had had similar areas of sensory loss 
for many years. 

Since Nacke’s report, other authors 
have mentioned the familial oc- 
currence of meralgia. In 1900, Musser 
and Sailer? reported a distinct heredi- 
tary influence in a patient whose 
father had suffered from exactly the 
same condition, and the maternal 
grandfather had also been afflicted. 
They stated it "was a remarkable 
example of similar cumulative ances- 
tral influence." In 1921, Goldstein? 
described the disorder in three mem- 
bers of the same family of which two 
were brothers. In 1930, Bychowski* 
described a brother and sister with 
meralgia, and Wartenberg,’ in 1956, 
also emphasized the hereditary oc- 
currence. As early as Nacke's com- 
ment, Sigmund Freud® in 1895 re- 
ported that both he and one of his sons 
at the age of 35 or 40 had this condi- 
tion. 

E. W. Massey, MD 
Department of Neurology 
National Naval Medical Center 
Bethesda, Md 20014 
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News /Letters 


Cranial CT and Multiple Sclerosis: 
Contrast-Enhancing Lesions 


To the Editor.—The contrast enhance- 
ment of acute, active lesions of 
multiple sclerosis as visualized on 
cranial computerized tomography 
(CT) has been previously described,'~’ 
(also J. K. Campbell, oral communica- 
tion, Aug 27, 1976, and written 
communication, May 10, 1977, and E. 
S. Sears, oral communication, Aug 27, 
1977, written communication, July 19, 
1977). This contrast enhancement is 
believed to result from a loosening of 
the blood-brain barrier with subse- 
quent extravasation of the iodine 
contrast material through the blood- 
brain barrier into the surrounding 
parenchyma. This theory is supported 
by the following evidence. 

1. Gado and co-workers'? have 
shown that cranial CT lesions enhance 
by contrast either because of the blood 
pool of the lesion or because of extra- 
vasation of the iodinated material 
through a defective blood-brain bar- 
rier. 

2. Edema is well recognized neuro- 
pathologically within regions of acute 
and subacute demyelination in cases 
of multiple sclerosis. Edema also 
appears to be present as a low-density 
center and as a low-density ring 
surrounding at least a portion of the 
contrast-enhanced multiple sclerosis 
lesions seen with cranial CT (J. F. 
Aita, unpublished data). This edema is 
most likely vasogenic in origin. 

3. This contrast enhancement is 
affected by the use of corticosteroid 
therapy. From both the clinical and 
neuropathologie material presented 
by Warren et al^ one would have 
expected their case of biopsy-proved, 
acute, diffuse, disseminated sclerosis 
to have shown contrast enhancement 
with cranial CT. But, Ball (oral 
communication, June 7, 1977) informs 
me that this patient was receiving 
corticosteroid therapy at the time of 
the eranial CT studies. Sears (personal 
communication) has noted that the 
contrast enhancement of multiple 
sclerosis lesions may resolve with the 
use of corticosteroid therapy. Thus, 
since one of the properties of cortico- 
steroid therapy is to tighten the defec- 
tive blood-brain barrier and prevent 
vasogenic edema, it appears that the 
same mechanism of action may be 
responsible for both the lack of 
expected contrast enhancement and 
the resolution of contrast enhance- 
ment already present in acute multi- 
ple sclerosis lesions. 
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4. The radionuclide brain scans in 
our three cases' and the single case of 
Warren et al | were performed at 
approximately the same time as the 
cranial CT studies and showed similar 
areas of abnormality as did the cranial 
CT scans. These abnormal areas of 
uptake on the radionuclide brain scans 
are believed to be related to a change 
in vascular permeability, with resul- 
tant movement of the radionuclide 
from vascular to extravascular 
spaces. 

Thus, given the small size of the 
areas of demyelination and their small 
blood pool, the appearance of vaso- 
genie edema, the influence of cortico- 
steroid therapy, and the analogy to 
radionuclide brain scans, it appears 
that the contrast enhancement of 
acute, active, multiple sclerosis lesions 
as seen with cranial CT results from 
extravasation of iodinated contrast 
material across a defective blood- 
brain barrier. 

JOHN F. AITA, MD 

Midwest Clinic 

Consultants in Neurology and 
Psychiatry 

105 S 49th St 

Omaha, NE 68132 
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Temporal Arteritis 


To the Editor—Although temporal 
arteritis (TA) has been well described, 
it is not widely appreciated that some 
cases are atypical. The condition may 
be unrecognized until irreversible 
damage has occurred. The article by 
Kansu et al' documenting two cases of 
biopsy-proved TA with normal sedi- 
mentation rates emphasizes this as- 


pect. The following ease was observed 
by the author and further illustrates 
this point. 


Report of a Case.—A 73 year-old man was 
admitted for progressive facial pain and 
intermittent diplopia. One year before, he 
had experienced sudden, stabbing pains in 
the left cheek that radiated into the left 
temporal scalp. There were no trigger 
spots, but chewing movements precip- 
itated the symptoms. Intermittent dizzi- 
ness and double vision would often 
accompany the pain. Weight loss occurred 
due to fear of pain in chewing. Examina- 
tion was unrevealing. Specifically, there 
were no areas of focal alopecia or atrophy; 
no nodularity or tenderness over the 
temporal arteries. Laboratory studies dis- 
closed a normal WBC, RBC, and platelet 
count. Blood chemistry studies using a 12- 
factor automated chemical analysis, elec- 
trolyte antinuclear antibody levels, and 
lupus erythematosus cell preparations 
were normal or negative. Three separate 
sedimentation rates were normal. Two 
EEGs were slow, with some preponderance 
for the left side. A brain scan was negative. 
A left temporal artery biopsy was 
performed and numerous sections ob- 
tained. Infiltration of the arterial wall by 
lymphocytes, plasma cells, histiocytes, and 
rare multinucleated giant cells was seen. 
Van Gieson stain demonstrated fibrillar 
degeneration of the elastic lamina. High 
dosages of steroids were administered with 
significant improvement. The dosage was 
later tapered and maintained at a low level 
as improvement continued. 


Comment.—This case and the report 
by Kansu et al' demonstrate that the 
sedimentation rate may be normal 
despite biopsy-proved TA. The true 
incidence of this disease may be 
greater than suspected. Recent re- 
ports’ would suggest that temporal 
artery biopsy may not be conclusive 
unless one makes several hundred 
sections, due to the presence of skip 
lesions. Thus, the clinician may be 
falsely secure with a negative biopsy 
specimen and therefore withhold cor- 
ticosteroid therapy. Physicians should 
maintain a high index of suspicion of 
TA in the elderly, despite atypical 
features. 

M. I. WEINTRAUB, MD 
15 Quaker Ln 
Chappaqua, N Y 


1. Kansu T, Corbett JJ, Savino P, et al: Giant 
cell arteritis with normal sedimentation rate. 
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Readers are advised that in view of The Copyright Revision Act of 1976, all Book 
Reviews submitted for publication must contain on the transmittal letter the 
following language: "The person(s) undersigned hereby grant the American 
Medical Association permission to publish this Book Review and in addition, 


hereby assigns all copyright ownership therein to the AMA." 


Neurobiology of Sleep and Memory, edited by 
René R. Drucker-Colin and James L. MeGaugh, 
456 pp, $19.50, Academic Press Ine, 1977. 


This book contains 23 chapters 
expanded from the contributions of 46 
researchers attending a conference 
held in Mexico City in March 1975. It 
is well edited and offers an excellent 
bibliography. There are few errors, 
although a minor one occurs on page 
419 in explaining the sleep effect on 
memory. 

The conference was interdisciplin- 
ary and its precedings are of imme- 
diate importance to researchers 
studying sleep and memory problems 
no matter what their basic field of 
interest. The concept that memory 
consolidation occurs in rapid eye 
movement sleep and that the locus 
coeruleus may play an important role 
in this is a recurring theme. A 
refreshing amount of informed and 
well-taken skepticism about the traps 
of ill-chosen research paradigms and 
anthropocentric misinterpretation of 
data is offered, especially in the 
article by Jacobs, Mosko, and Trul- 
son. 

The emerging area of interest in 
neurohypophyseal and other peptides 
that influence both sleep and memory 
is outlined in several of the contribu- 
tions. The concept that somatotropic 
hormone favorably influences memo- 
ry is tantalizingly explained by Stern 
and Morgane. Some of the thunder of 
this argument wanes, however, when 
we recall how very well those short 
persons in our premedical classes 
seemed to remember! The paper by 
Elliott Weitzman offers a lucid and 
level-headed view of neuroendocrino- 
logical considerations in sleep and 
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memory. Clinicians will find the 
contribution of Guilleminault and De- 
ment useful to explain disorders of 
amnesia and excessive daytime sleepi- 
ness and the automatie behavior 
syndrome (which may too easily be 
confused with complex partial seizure 
activity). 

While parts of the book will be of 
interest to clinical neuroscientists, 
most will be satisfied by its avail- 
ability in a nearby institutional li- 


brary. BRUCE H. PETERS, MD 
Galveston, Tex 


Computed Tomography of the Brain, Advanced 
Exercises in Diagnostic Radiology, No. 9, by Ruth 
G. Ramsey, MD, 239 pp, with illus, WB Saunders 
Co, 1977. 

Dr Ramsey has published an excel- 
lent general introductory text to the 
interpretation of computerized tomo- 
graphic (CT) scans. She uses the 
format of case presentations with CT 
scans and correlated radionuclide or 
contrast radiologic studies. 

In general, the quality of the CT 
scans and other photographs is good. 
The important points of interest are 
identified by arrows. The text is 
succinct and appropriate. 

A problem that cannot be avoided is 
the rapid evolution of the use of the 
CT scan, which outdates some of this 
material. The newer three-dimension- 
al scanners and use of newer contrast 
media are omitted. 

The case for the use of CT scans in 
the identification of saccular aneu- 
rysms may have been overstated. 
More emphasis on the associated 
hematoma or infarction and less on 
the identification of the aneurysm 
itself would be helpful for the student 


learning the fundamentals. 

I think this volume would be helpful 
as an initial book for medical students, 
residents, or clinicians, who are learn- 
ing the fundamentals of computerized 
tomography. It is not a comprehensive 
text or reference book. 

HAROLD P. Apams, JR, MD 
Iowa City 


. The Theory of Binocular Vision, by Ewald 
Hering (1868), translated and edited by Bruce 
Bridgeman and Lawrence Stark, 218 pp, 29 illus, 
$24.50, Plenum Press, 1977. 

Hering's classic treatise (Die Lehre 
vom Binokularen Sehen) on the func- 
tional properties of the ocular mech- 
anisms employed for binocular fixa- 
tion has now been made available to 
English-reading audiences. Bridge- 
man's translation includes an exten- 
sive rearrangement and simplifica- 
tion of the original text in an effort to 
clarify the thoughts and arguments 
surrounding the original formulation 
of Hering's Law. An introduction by 
the first co-editor sets the work in its 
historical context. This is presented as 
an oculomotor "control theory," set- 
ting it ahead of its time in the history 
of neurological concepts. Stark's com- 
ments at the end of the book's four 
parts apprises the reader of the 
significance of the preceding contri- 
butions and their place in our current 
body of knowledge of eye movements. 
Students of the visual system will 
welcome this historical piece and the 
opportunity to appreciate Hering's 
stature in the field as well as the 
outcome of the Helmholtz-Hering con- 
troversies. 

K. HAMSHER, PHD 
Iowa City 
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New from Geigy 


LIORESAL 


baclofen 


for spasticity resulting 
from multiple sclerosis, 
spinal cord injury, and 
spinal cord diseases. 


New LIORESAL 


baclofen 


for spasticity resulting 
from multiple sclerosis, 
Spinal cord injury, and 
spinal cord diseases. 
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Acts primarily at the 
Spinal level. 


Lioresal is capable of inhibiting both 
monosynaptic and polysynaptic reflexes at 
the spinal level, possibly by hyperpolarizatioi 
of the afferent terminals. However, the precis 
mechanism of action is not fully known. 
Actions at supraspinal sites may also occur 
and contribute to the clinical effect. 


=ffective and safe. 


Results of a four-week, double-blind 
crossover study in 22 patients treated with 
Lioresal, baclofen, showed 72 percent of 

18 patients with spontaneous daytime spasms 
had a reduction in the frequency of involuntary 
spasms. Furthermore, a reduction in severity, 
amplitude, and duration of remaining spasms 
was also reported in patients treated with 
Lioresal.' 


Figure 1. Average daily number of spasms 
during the last week of baclofen and placebo 
treatment periods in the 18 patients with 
spontaneous daytime spasms! 


placebo (last week) 


m baclofen (last week) 





When compared with placebo and diazepam 
in a double-blind study, Lioresal proved to 

be effective in reducing the number of spasms 
in patients who could not be controlled by 
diazepam.? 


In one study of 14 patients with spasticity, 
"Baclofen caused less sedation than would 
have been expected from comparable doses 
of diazepam but it did nevertheless have a 
tranquilizing effect... ? 


Because of the possibility of sedation, 
patients should be cautioned regarding the 
operation of automobiles or dangerous 
machinery. 


And in one double-blind study, "No serious 
side effects developed and there were no signs 
of even transient bone marrow, liver, kidney, 
or gastrointestinal toxicity." A few cases of 
increased SGOT, elevated alkaline 
phosphatase and elevated blood sugar have 
been reported but are not clinically significant. 
Gastrointestinal and other side effects also 
have been reported but generally do not 
persist. 


Please read the Prescribing Information for 
full details regarding abrupt drug withdrawal, 
impaired renal function, stroke, and 
pregnancy. 


New LIORESAL 


baclofen 


for spasticity resulting 
from multiple sclerosis, 
spinal cord injury, and 
spinal cord diseases. 
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Facilitates physical 
therapy. 


By relieving the pain associated with 
spasticity, Lioresal may allow more active 
physical therapy and daily function. 


The advantages of improvement in resistance 
to passive movement noted in patients treated 
with Lioresal included more comfortable 
positioning and easier transfers and 

nursing. 


Effect of treatment on resistance to 
passive movement! 


Stage Baclofen Placebo 
Improved 11 (55%) 1 (5%) 
Worsened O (0%) O (096) 
Unchanged 9 (45%) 19 (9526) 
Total 20 20 


GEIG Y 


Printed in U.S.A. (1/78) 324-12351 


Dosage should be 
individualized. 


Therapy should be started at low dosage and 
increased gradually. Improvement may not 
show immediately, so it is important to 
continue the drug for a reasonable period 
until the optimum effect is achieved. Avoid 
abrupt withdrawal (see Warnings). 


Dosage should be titrated. The following 
dosage titration schedule is suggested. 
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Improvement is not always immediately 
apparent, therefore continue for a reasonable 
period until optimum effect is achieved 
(usually between 40-80 mg daily). The total 
daily dose should not exceed a maximum of 
80 mg daily (20 mg q.i.d.). 





5 mg tg. 
for 3 days 





10 mg t.i.d. 
for 3 days 





15 mg t.i.d. 
for 3 days 





20 mg t.i.d. 
for 3 days 


For full information, including dosage 
schedule and administration, please read 
the prescribing information. 
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Lioresal* 
brand of baclofen 


Muscle Relaxant, Antispastic 
Tablets of 10 mg 
Prescribing Information 


Description Lioresal, brand of baclofen, is 4-amino-3-(p-chlorophenyl) butyric acid, a white to 

off-white crystalline substance. 

It is slightly soluble in water and poorly soluble in organic solvents. Molecular weight: 213.67. 

Actions The precise mechanism of action of Lioresal, brand of baclofen, is not fully known. 

Lioresal, brand of baclofen, is capable of inhibiting both monosynaptic and polysynaptic re- 

flexes at the spinal level, possibly by hyperpolarization of afferent terminals, although actions 

at supraspinal sites may also occur and contribute to its clinical effect. Although Lioresal, 
brand of baclofen, is an analog of the putative inhibitory neurotransmitter gamma-aminobutyric 
acid (GABA), there is no conclusive evidence that actions on GABA systems are involved in 
the production of its clinical effects. In studies with animals, Lioresal, brand of baclofen, has 
been shown to have general CNS depressant properties as indicated by the production of se- 
dation with tolerance, somnolence, ataxia, and respiratory and cardiovascular depression. 

Lioresal. brand of baclofen, is rapidly and extensively absorbed and eliminated. Absorption 

may be dose-dependent, being reduced with increasing doses. Lioresal, brand of baclofen, is 

excreted primarily by the kidney in unchanged form and there is relatively large intersubject 
variation in absorption and/or elimination. 

Indications Lioresal, brand of baclofen, is useful for the alleviation of signs and symptoms of 

spasticity resulting from multiple sclerosis, particularly for the relief of flexor spasms and con- 

comitant pain, clonus, and muscular rigidity. 

Patients should have reversible spasticity so that Lioresal, brand of baclofen, treatment will aid 

in restoring residual function. 

Lioresal, brand of baclofen, may also be of some value in patients with spinal cord injuries and 

other spinal cord diseases. 
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Endep (amitriptyline HCI) 
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requiring the maximum daily dose of 150 mg 
amitriptyline during therapy. The scored tablet 
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side effects become clinically significant. Tbe cost of a prescription of 150-mg tablets 

is considerably lower than that of the milligram equivalent supplied by lower strength 
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=Z The low number of tablets required considerably lessens the chance 
of error and also considerably lowers the overall cost of medication. 
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WIGRAINE For MIGRAINE 


Fast Disintegration: Taken at the first symptom 
+ of migraine, Wigraine tablets disintegrate 7 to 70 times faster 
than other migraine preparations.* A patented microgranula- 
tion process “bursts” the tablets apart so that digestive juices 
have unhindered access to the active ingredients—providin i 3 
quick-release medication : F : ; J Time for 
e to halt throbbing head pain before it takes hold Relief 
eto ease the nausea and "sickness" of migraine attacks 


eto relieve pain from sustained contraction of head and 





An early stage in the migraine episode—constricted cerebral 
RU eee | e arteries impair blood flow and evoke the warning aura. Taken 
eto allay the feelings of hopelessness in many migraine now, Wigraine can often abort the attack before the onset of 


patients painful headache. 


e to rebuild the patient's confidence in therapy Wigraine Timed 





Each Wigraine tablet and rectal suppository contains ergotamine tartrate, 1.0 mg; caffeine, 
100.0 mg; belladonna alkaloids (levorotatory), representing 87.596 hyoscyamine and 12.596 
atropine as sulfates, 0.1 mg and phenacetin, 130.0 mg 


PRECAUTIONS: Dosage of either tablets or suppositories singly or in combination should 
not exceed a total of 12 during any seven-day period. Although rare, ergotamine is capable 
of producing all the symptoms of ergotism. CONTRAINDICATIONS: Peripheral vascular or : 
coronary disease, angina pectoris, hypertension, renal or hepatic dysfunction, pregnancy, ES , i - ; 

septic states, incipient glaucoma. SUPPLIED: Tablets—individually foil-wrapped in boxes of Actual photos show total disintegration of Wigraine tablet in 


20 or 100. Suppositories—individually foil-wrapped in boxes of 12. digestive juice in only 18 seconds (range 8-32". average 18").* 


. In the same test, other well-known migraine tablets take as long 
Qe) Organon Pharmaceuticals ai 64 nih nteis end Want 





b 


A Division of Organon Inc. 
West Orange, N.J. 07052 


A PART OF Akzona INC *Tested in USP disintegration apparatus. Data on file, Research Department, Organon Inc 








The vulnerable 


ages The first epileptic seizure 





is most likely to occur 
during early childhood and 
at the onset of puberty 


About 9 out of 10 epileptics experience their first seizure before the 
age of 20—with the highest incidence between 5 and 7, when chil- 
dren start school, and at the onset of puberty, a time of physiological 
and psychic turmoil.! The most common type, grand mal, occurs 
in approximately 75% of epileptic children, and more than 50% 
of patients who suffer initially from petit mal develop grand mal 
seizures before they reach the age of 16. 





Mysoline (primidone) for 
control of erand mal,psycho- 
motor and focal epilepsy 


At the onset and afterwards — used alone or as concomitant 
therapy, MYSOLINE may reduce the frequency and severity of 
major motor seizures—or even eliminate them. Excellent for con- 
trol of grand mal. Valuable for control of psychomotor!^^ and 
focal epilepsy as well. 


Add Mysoline when control with other anticonvul- 
sants is inadequate — As concomitant therapy, MYSOLINE can 

improve seizure control in grand mal and psychomotor epilepsy. 
The combined use of phenobarbital, diphenylhydantoin, and 

MYSOLINE may have additive anticonvulsant effects without addi- 
tive side effects.° 


Change to Mysoline when other anticonvulsants fail — 
A changeover to MYSOLINE is frequently warranted when other 
anticonvulsants must be discontinued because of important side 
effects, or when grand mal seizures are refractory to phenobarbital, 


with or without diphenylhydantoin.’ 
yerst. 
soline 


Tablets 250 mg. 


(primidone) ... 


May be the start of a 
better life for the epileptic 


See following page of advertisement for prescribing information. 7538 












Mysoline (primidone)  - 


may be the start of a better life for the epileptic 


initial and maintenance therapy for 
grand mal, psychomotor and focal epilepsy 


BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 


AYERST LABORATORIES 
New York, N.Y. 10017 


MYSOLINE y Brand of PRIMIDONE 


Anticonvulsant 


ACTIONS: MYSOLINE acts on the central nervous system 
to raise seizure threshold or alter seizure pattern. The mecha- 
nism(s) of action of anticonvulsant drugs is not known. 


Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA); the other is 
phenobarbital. In addition to its own anticonvulsant potential, 
PEMA potentiates phenobarbital. 


INDICATIONS: MYSOLINE, either alone or used con- 
comitantly with other anticonvulsants, is indicated in the con- 
trol of grand mal, psychomotor, and focal epileptic seizures. It 
may control grand mal seizures refractory to other anticonvul- 
sant therapy. 


CONTRAINDICATIONS: Primidone is contraindicated 
in: 1) patients with porphyria and 2) patients who are hyper- 
sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes several days 
before it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the use of anticonvulsant drugs by women with 
epilepsy and an elevated incidence of birth defects in children 
born to these women. Reference has been made to primidone in 
several cases in which it was used in combination with other 
anticonvulsants; but its teratogenicity has not been conclusively 
demonstrated. The possibility exists that other factors, e.g., 
genetic factorsor the epileptic condition, may contribute to the 
higher incidence of birth defects. The data also indicate that the 
great majority of mothers receiving anticonvulsant medication 
deliver normal infants. 


Anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and risk to both mother and the unborn 
child. 


When the nature, frequency, and severity of the seizures do not 
pose a clear threat to the patient, good medical practice requires 
that the physician weigh the expected therapeutic benefit of 
anticonvulsant therapy against possible risk on an individual 
basis. 

Neonatal hemorrhage, with a coagulation defect resembling 
vitamin K deficiency, has been described in newborns whose 
mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K, therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS: The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
tiple analysis-12 (SMA-12) test should be made every six 
months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in sub- 
stantial quantities. Since tests for the presence of primidone in 
biological fluids are too complex to be carried out in the average 
clinical laboratory, it is suggested that the presence of undue 
somnolence and drowsiness in nursing newborns of 
MYSOLINE-treated mothers be taken as an indication that 
nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 


ring early side effects are ataxia and vertigo. These tend to dis- 


appear with continued therapy, or with reduction of initial 
dosage. Occasionally, the following have been reported: nausea, 


anorexia, vomiting, fatigue, hyperirritability, emotional dis- 
turbances, sexual impotency, diplopia, nystagmus, drowsiness, 


and morbilliform skin eruptions. Occasionally, persistent or 


severe side effects may necessitate withdrawal of the drug. 


Megaloblastic anemia may occur as a rare idiosyncrasy to 
MYSOLINEand toother anticonvulsants. The anemia responds 


to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg. 
Increments of 250 mg. aré added, usually at weekly intervals, 
to tolerance, or therapeutic effectiveness, up to daily doses not 
exceeding 2.0 Gm. A typical dosage schedule for the introduc- 
tion of MYSOLINE (primidone) is as follows: 


Adults and Children Over 8 Years of Age 


1st Week 2nd Week 

250 mg. daily at bedtime 250 mg. b.i.d. 
3rd Week 4th Week 

250 mg. q.i.d. 


250 mg. t.i.d. 
In children under 8 years of age. maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage. 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 








In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage of the 
other drug(s) is maintained or gradually decreased. This regi- 
men should be continued until satisfactory dosage level is 
achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 
* for initiation of combination therapy 
* during "transfer" therapy 
* for added protection in periods of stress or stressful situa- 
tions that are likely to precipitate seizures (menstruation, 
allergic episodes, holidays, etc.) 


HOW SUPPLIED: MYSOLINE Tablets — No. 430 —Each 
tablet contains 250 mg. of primidone (scored), in bottles of 
100and 1,000. Alsoin unit dose packageof 100. No. 431 — Each 
tablet contains 50 mg. of primidone ( scored), in bottles of 100 
and 500. MYSOLINE Suspension — No. 3850 —Each 5 cc. (tea- 
spoonful) contains 250 mg. of primidone, in bottles of 8 fluid- 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 
of Epilepsy in Infancy, Childhood and Adolescence, Springfield, 
Ill., Charles C Thomas, 1972, pp. 6, 7, 584. 2. Grossman, H.J.: 
Ill. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn, 
H.F.: Current Therapy 1973, Philadelphia, Saunders, 1973, 
pp. 675-7. 4. Metrick, S.: C. M.D. 37:49( Jan.) 1970. 5. Forster, 
F.M.: Med. Clin. North Am. 47:1579 (Nov.) 1970. 6. White, 
P.T.: Wis. Med. J. 68:178 (Apr.) 1969. 7. Millichap, J.G.: 
Drug Ther. 1:15 (Oct.) 1971. 
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New from Geigy 


LIORESAL 


baclofen 


for spasticity resulting 
from multiple sclerosis, 
spinal cord injury, and 
Spinal cord diseases. 





Dosage should be 
individualized. 


Therapy should be started at low dosage and 
increased gradually. Improvement may not 
show immediately, so it is important to 
continue the drug for a reasonable period 
until the optimum effect is achieved. Avoid 
abrupt withdrawal (see Warnings). 


Dosage should be titrated. The following 
dosage titration schedule is suggested. 


CNN. CES 





5 mgt.i.d. 
for 3 days 
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Improvement is not always immediately 
apparent, therefore continue for a reasonable 
period until optimum effect is achieved 
(usually between 40-80 mg daily). The total 
daily dose should not exceed a maximum of 
80 mg daily (20 mg q.i.d.). 


For full information, including dosage 
schedule and administration, please read 
the prescribing information. 


1. Duncan, G.W., Shahani, B.T., and Young, R.R.: An evaluation of 
baclofen treatment for certain symptoms in patients with spinal 
cord lesions. Neurology 26(5): 441-446 (May) 1976. 


2. Jones, R.I.: Lioresal in the control of spasticity, in Spasticity — 
a topical survey, W. Birkmayer (Ed.) Berne, Hans Huber 
Publishers, 1972, p. 113. 


3. McLellan, D.L.: Effect of baclofen upon monosynaptic and 


tonic vibration reflexes in patients with spasticity. J Neurol 
Neurosurg Psychiatry 36(4):555-560 (Aug.) 1973. 


324-12351 


Lioresal® 
brand of baclofen 


Muscle Relaxant, Antispastic 
Tablets of 10 mg 
Prescribing Information 


Description Lioresal, brand of baclofen, is 4-amino-3-(p-chlorophenyl) butyric acid, a white to 

off-white crystalline substance. 

It is slightly soluble in water and poorly soluble in organic solvents. Molecular weight: 213.67. 

Actions The precise mechanism of action of Lioresal, brand of baclofen, is not fully known. 

Lioresal, brand of baclofen, is capable of inhibiting both monosynaptic and polysynaptic re- 

flexes at the spinal level, possibly by hyperpolarization of afferent terminals, although actions 

at supraspinal sites may also occur and contribute to its clinical effect. Although Lioresal, 
brand of baclofen, is an analog of the putative inhibitory neurotransmitter gamma-aminobutyric 
acid (GABA), there is no conclusive evidence that actions on GABA systems are involved in 
the production of its clinical effects. In studies with animals, Lioresal, brand of baclofen, has 
been shown to have general CNS depressant properties as ind cated by the production of se- 
dation with tolerance, somnolence, ataxia, and respiratory and cardiovascular depression. 

Lioresal, brand of baclofen, is rapidly and extensively absorbed and eliminated. Absorption 

may be dose-dependent, being reduced with increasing doses. Lioresal, brand of baclofen, is 

excreted primarily by the kidney in unchanged form and there is relatively large intersubject 
variation in absorption and/or elimination. 

Indications Lioresal, brand of baclofen, is useful for the alleviation of signs and symptoms of 

spasticity resulting from multiple sclerosis, particularly for the relief of flexor spasms and con- 

comitant pain, clonus, and muscular rigidity. 

Patients should have reversible spasticity so that Lioresal, brand of baclofen, treatment will aid 

in restoring residual function. 

Lioresal, brand of baclofen, may also be of some value in patients with spinal cord injunes and 

other spinal cord diseases. 

Lioresal. brand of baclofen, is not indicated in the treatment of skeletal muscle spasm resulting 

from rheumatic disorders. 

The efficacy of Lioresal, brand of baclofen, in stroke, cerebral palsy, and Parkinson's disease 

has not been established and, therefore, it is not recommendec for these conditions. 

Contraindications Hypersensitivity to Lioresal, brand of baclofen. 

Warnings 

a. Abrupt Drug Withdrawal: Hallucinations have occurred on abrupt withdrawal of Lioresal, 
brand of baclofen. Therefore, except for serious adverse reactions, the dose should be re- 
duced slowly when the drug is discontinued. 

b. Impaired Renal Function: ause Lioresal, brand of baclofen, is primarily excreted un- 
changed through the kidneys, it should be given with caution, and it may be necessary to 
reduce the dosage. 

c. Stroke: Lioresal, brand of baclofen, has not significantly benefited patients with stroke. 
These patients have also shown poor tolerability to the drug. 

d. Pregnancy: Lioresal, brand of baclofen, has been shown to increase the incidence of om- 
phaloceles (ventral hernias) in fetuses cf rats given approximately 13 times the maximum 
dose recommended for human use, at a dose which caused significant reductions in food 
intake and weight gain in dams. This abnormality was not seen in mice or rabbits. There 
was also an increased incidence of incomplete sternebral ossification in fetuses of rats 
given approximately 13 times the maximum recommended human dose, and an increased 
incidence of unossified phalangeal nuclei of forelimbs and hindlimbs in fetuses of rabbits 
given approximately 7 times the maximum recommended human dose. There are no 
studies in pregnant women. Lioresal, brand of baclofen, should be used during pregnancy 
only if the benefit clearly justifies the potential risk to the fetus. 

Precautions Safe use of Lioresal, brand of baclofen, in children under age 12 has not been 

established, and it is, therefore, not recommended for use in children. 

Because of the possibility of sedation, patients should be cautioned regarding the operation of 

automobiles or other dangerous machinery, and activities made hazardous by decreased 

alertness. Patients should also be cautioned that the central nervous system effects of 

Lioresal, brand of baclofen, may be additive to those of alcohol and other CNS depressants. 

Lioresal, brand of baclofen, should be used with caution where spasticity is utilized to sustain 

upc posture and balance in locomotion or whenever spastic ty is utilized to obtain increased 

unction. 

In patients with epilepsy, the clinical state and electroencephalogram should be monitored at 

regular intervals, since deterioration in seizure control and EEG have been reported occasion- 

ally in patients taking Lioresal, brand of baclofen. 

It is not known whether this drug is excreted in human milk. As a general rule, nursing should 

not be undertaken while a patient is on a drug since many drugs are excreted in human milk. 

A dose-related increase in incidence of ovarian cysts and a less marked increase in enlarged 

and/or hemorrhagic adrenal glands was observed in female rats treated chronically with 

Lioresal, brand of baclofen. The relevance of these findings to humans is not known. 

Adverse Reactions The most common are transient drowsiness (10-63%). In one controlled 

study of 175 patients, transient drowsiness was observed in 63% of those receiving Lioresal, 

brand of baclofen, compared to 36% of those in the placebo group. Other common adverse 
reactions are dizziness (5-15%), weakness (5-15%) and fatigue (2-4%). Others reported: 

Neuropsychiatric: Confusion (1-11%), headache (4-8%), insomnia (2-796); and, rarely, 

euphoria, excitement, depression, hallucinations, paresthesia, muscle pain, tinnitus, slurred 

speech, coordination disorder, tremor, rigidity, dystonia, ataxia, blurred vision, nystagmus, 
strabismus, miosis, mydriasis, diplopia, dysarthria, epileptic seizure. 

Cardiovascular: Hypotension (0-9%). Rare instances of dyspnea, palpitation, chest pain, syn- 

cope. 

Gastrointestinal: Nausea (4-12%), constipation (2-6%); and, rarely, dry mouth, anorexia, taste 

disorder, abdominal pain, vomiting, diarrhea, and positive test for occult blood in stool. 

Genitourinary: Urinary frequency (2-6%); and, rarely, enuresis, urinary retention, dysuria, impo- 

tence, inability to ejaculate, nocturia, hematuria. 

Other: Instances of rash, pruritus, ankle edema, excessive perspiration, weight gain, nasal 

congestion. 

Some of the CNS and genitourinary symptoms may be related to the underlying disease rather 

than to drug therapy. 

The following laboratory tests have been found to be abnormal in a few patients receiving 

nth oe brand of baclofen: increased SGOT, elevated alkaline phosphatase, and elevation of 

ood sugar. 

Overdosage Signs and Symptoms: Vomiting, muscular hypotonia, drowsiness, accommoda- 

tion disorders, coma, respiratory depression, and seizures. 

Treatment: In the alert patient, empty the stomach promptly by nduced emesis followec by 

lavage. In the obtunded patient, secure the airway with a cuffed endotracheal tube before be- 

ginning lavage (do not induce emesis). Maintain adequate respiratory exchange, do not use 
respiratory stimulants. 

Dosage and Administration The determination of optimal dosage requires individual titration. 

Start therapy at a low dosage and increase gradually until optimum effect is achieved (usually 

between 40-80 mg daily). 

The following dosage titration schedule is suggested: 

5 mg t.i.d. for 3 days 

10 mg t.i.d. for 3 days 

15 mg t.i.d. for 3 days 

20 mg t.i.d. for 3 days 

Thereafter additional increases may be necessary but the total daily dose should not exceed a 

maximum of 80 mg daily (20 mg q.i.d.). 

The lowest dose compatible with an optimal response is recommended. If benefits are not evi- 

dent after a reasonable trial period, patients should be slowly withdrawn from the drug (see 

Warnings Abrupt Drug Withdrawal). 

How Supplied White, oval, single-scored tablets of 10 mg in bottles of 100. 
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GEIGY Pharmaceuticals 


Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 
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After a morning of kids, phone 
calls, and a broken antique 
lamp, she looks forward to an 
afternoon of leisurely shopping. 


Something’s wrong. Is the sun 
suddenly brighter? What are 
those flashing lights? Recog- 
nizing her prodromal signs, she 
quickly places a tablet of 


Ergostat (ergotamine tartrate 
tablets) under her tongue. 


® 


She pauses to rest. Ergostat 
begins to constrict intracranial 
blood vessels that, otherwise, 
would continue to dilate and 
cause excruciating pain. 


Confident now that the attack 
has been aborted, there’s no 
reason not to resume her 
planned activities. 


(ergotamine tartrate tablets) 
2-mg Sublingual Tablets 


the drug of choice’ in the dosage form 
that aborts migraine headaches 
faster than oral tablets 


¢ Direct, rapid absorption via sublin 
vasculature reduces the potential 


* Single entity — nonnarcotic 
* Mint taste 
e Economical 


(ergotamine tartrate tablets) 
Sublingual Tablets 


DESCRIPTION Each sublingual tablet contains 2 mg 
ergotamine tartrate. 


ACTIONS Ergotamine is an alpha-adrenergic blocking 
agent with a direct stimulating effect on the smooth 
muscle of peripheral and cranial blood vessels and pro- 
duces depression of central vasomotor centers. 
Ergotamine also has the properties of a serotonin 
antagonist. 

Ergostat (ergotamine tartrate tablets) exerts a direct 
effect on cranial blood vessels, causing vasoconstric- 
tion, with concomitant decrease in the pulsations prob- 
ably responsible for migraine and other vascular 
headache symptoms. Ergostat is thus generally con- 
sidered to be a specific agent for therapy in this 
condition. 

Because ergotamine is a nonnarcotic, it avoids the 
dangers inherent with repeated use of narcotics in the 
treatment of frequent migraine attacks. 


INDICATIONS Vascular headaches, such as migraine 
and cluster headache (histaminic cephalalgia). 


PRECAUTIONS Avoid prolonged administration or 
dosage in excess of that recommended because of the 
danger of ergotism and gangrene. 


CONTRAINDICATIONS Contraindicated in sepsis, 
occlusive vascular disease (thromboangiitis obliterans, 
luetic arteritis, severe arteriosclerosis, coronary artery 
disease, thrombophlebitis, Raynaud’s disease), hepatic 
disease, renal disease, severe pruritus, hypertension, 
and pregnancy. Hypersensitivity to ergot alkaloids. 


ADVERSE REACTIONS When prescribed in correct 
desage in the absence of contraindications, ergotamine 
is a safe and useful drug; few serious complications 
have been reported from its use in the migraine syn- 
drome. Unpleasant side effects which may occur in- 
clude nausea and vomiting, diarrhea, weakness in the 
legs, muscle pains in the extremities, numbness and 
tingling of fingers and toes, precordial distress and 
pain, and transient tachycardia or bradycardia. Local- 
ized edema and itching may occur in the rare sensitive 
patient. Side effects are usually not such as to neces- 
sitate interruption of therapy. 


guar 
or GI upset 


e Ergotamine is effective in approximately 
90% of all attacks of migraine’ 


e Convenient — can be taken anytime, anywhere — 
no water needed 


References 

1. Diamond S, Medina JL: Migraine can be treated. 
The Female Patient 1:11-13, 1976. 

2. Brazeau P: Oxytocics, oxytocin, prostaglandins, and 
ergot alkaloids, in Goodman LS, Gilman A (eds): 
The Pharmacological Basis of Therapeutics, ed 5. 
New York, Macmillan Publishing Co, Inc, 1975, p 877. 


DOSAGE AND ADMINISTRATION All efforts should 
be made to initiate therapy as soon as possible after 
the first symptoms of the attack are noted, because 
success is proportional to rapidity of treatment, and 
lower dosages will be effective. At the first sign of an 
attack, or to relieve the symptoms of the full-blown 
attack, one sublingual tablet is placed under the tongue. 
Another sublingual tablet should be placed under the 
tongue at half-hour intervals thereafter, if necessary, 
for a total of three tablets. Dosage must not exceed 
three tablets in any 24-hour period. Limit dosage to not 
more than 10 mg in any one week. 


HOW SUPPLIED NO071-0111-13 Ergostat (ergotamine 
tartrate tablets) Sublingual Tablets, 2 mg, each in an 
individual foil pouch, with two strips of 12 pouches 
packaged in a plastic vial. TH 


PARKE-DAVIS 


PARKE, DAVIS & COMPANY Detroit, MI 48232 


PD-JA-2345-1-P (1-78) 
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Then why Cylert. for MBD? 


(pemoline) 


Because Cylert offers a lot: 


e Once-a-day dosage at home 


e Elimination of mid-day school dose and need for school 


personnel supervision 


e Avoids ups and downs of drug action brought about by multiple 


daily dosage 


e Control of medication by the parent 


e A chewable dosage form, 37.5 mg tablet. 


e Less physician paper work (Cylert is in schedule IV) 


e Safety and efficacy proven in extensive clinical studies* 
“Copy of the Cylert Monograph available to Physicians on written request. 


Dosage and administration 


Cylert is administered as a single 
oral dose each morning. 


The recommended starting dose is 

37.5 mg/day. This daily dose should be 
gradually increased by 18.75 mg at one 
week intervals until the desired clinical 
response is obtained. The effective daily 
dose for most patients will range from 
56.25 to 75 mg. The maximum recom- 


mended daily dose of pemoline is 112.5 mg. 


Clinical improvement with Cylert is 
gradual. Using the recommended schedule 
of dosage titration, significant benefit may 
not be evident until the third or fourth 
week of drug administration. Drug 
administration should be interrupted 
occasionally (once or twice a year) to 
determine if behavioral symptoms are 
sufficient to require continued therapy. 


When not to use medication 


Cylert should not be used for (and will not 
be effective in) simple cases of overactivity 
in school age children. 


Neither should it be used in the child who 
exhibits symptoms secondary to environ- 
mental factors and/or primary psychiatric 
disorders, including psychosis. 


The physician should rely on a complete 
history of the child and a thorough 
description of symptoms from both 
parents and teacher before postulating 

a diagnosis of MBD. 


ABBOTT 


Please see next page for Brief Summary. 
7083202/R3 
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rt Chewable Tablets 
(pemoline) 
Prescribing Information € 


Indications: MINIMAL BRAIN DYSFUNCTION IN CHILDREN —as 
a therapy to other remedial measures (psychological, educational, 
social). 

Special Diagnostic Considerations: The cause of minimal brain dysfunction 
(MBD) is unknown. Diagnosis of MBD involves the use of medical, 
psychological, educational, and social tools, since no single diagnostic test is 
adequate. 

MBD is characterized by chronic moderate to severe hyperactivity, short 
attention span, distractibility, emotional lability, and impulsivity. 
Nonlocalizing (soft) neurological signs, learning disability, and abnormal 
EEG may or may not be present. The diagnosis of MBD must be based upon 
a complete history and evaluation of the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all children with MBD. In the primary 
therapy of MBD, appropriate educational placement is essential and 
psychosocial intervention is generally necessary. When these measures alone 
are insufficient, the decision to prescribe stimulant medication will depend 
upon the physician’s assessment of the chronicity and severity of the child's 
symptoms. Stimulants are not intended for use ir. the child who exhibits 
symptoms secondary to environmental factors and/or primary psychiatric 
disorders, including psychosis. 
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Contraindications: Cylert (pemoline) is contraindicated in patients with 
known hypersensitivity or idiosyncrasy to the drug. (See ADVERSE 
REACTIONS.) 


Warnings: Cylert is not recommended for children less than 6 years of age 
since its safety and efficacy in this age group have not been established. 

Sufficient data on the safety and the efficacy of the long-term use of Cylert 
in children with minimal brain dysfunction are not yet available. 

A temporary suppression of the predicted growth rate (weight and/or 
height gain) has been reported for children receiving long-term stimulant 
therapy. A definite causal relationship between stimulant drugs and this 
finding has not been established. 


Precautions: Liver function tests should be performed periodically during 
therapy with Cylert. The drug should be discontinued if abnormalities are 
revealed and confirmed by follow-up tests. (See ADVERSE REACTIONS 
regarding reports of abnormal liver function tests and jaundice.) 

Cylert should be administered with caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs has not been studied in humans. 
Patients who are receiving Cylert concurrently with other drugs, especially 
drugs with CNS activity, should be monitored carefully. 

Cylert failed to demonstrate a potential for self-administration in primates. 
However, the pharmacologic similarity of pemoline to other 
psychostimulants with known dependence liability suggests that 
psychological and/or physical dependence might also occur with Cylert. 
There have been isolated reports of transient psychotic symptoms occurring 
in adults following the long-term misuse of excessive oral doses of pemoline. 
Cylert should be given with caution to emotionally unstable patients who 
may increase the dosage on their own initiative. 

Usage during Pregnancy and Lactation: The safety of Cylert (pemoline) for 
use during pregnancy and lactation has not been established. 

Fertility, reproduction, and teratology studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 mg./kg./day, had no effect on the 
fertility of male or female rats. The drug, when given to pregnant rats (from 
gestation day 15 through weaning) and to rabbits (from gestation days 6-18) 
at these same dosage levels, produced no teratogenic or embryotoxic effects, 
and had no effect on the viability of the young at birth. However, increased 
incidences of stillbirths and cannabilization were observed when pemoline 
was given to rats at these dosage levels, beginning 14 days prior to conception. 


Adverse Reactions: Insomnia is the most frequently reported side effect of 
Cylert; it usually occurs early in therapy, prior to ar optimum therapeutic 
response. In the majority of cases it is transient in nature or responds to a 
reduction in dosage. 

Anorexia with weight loss may occur during the first weeks of therapy. In 
the majority of cases it is transient in nature; weight gain usually resumes 
within three to six months. 

Stomach ache, skin rashes, increased irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum LDH have occurred in patients 
taking Cylert, usually after several months of therapy. These effects appear to 
be reversible upon withdrawal of the drug, and are thought to be 
manifestations of a delayed hypersensitivity reacticn. There have also been a 
few reports of jaundice occurring in patients taking Cylert; a causal 
relationship between the drug and this clinical finding has not been 
established. 

There have been reports of dyskinetic movements of the lips, face, and 
extremities occurring with the use of Cylert. Convulsive seizures have also 
been reported. A definite causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early during the course of treatment with 
Cylert often remit with continuing therapy. If adverse reactions are of a 
significant or protracted nature, dosage should be reduced or the drug 
discontinued. 


How Supplied: Cylert (pemoline) is supplied as monogrammed, grooved 
tablets in three dosage strengths: 
18.75 mg. tablets (yellow-colored) in bottles of 100 (NDC 0074-6025-13) 
37.5 mg. tablets (orange-colored) in bottles of 100 (NDC 0074-6057-13) 
75 mg. tablets (tan-colored) in bottles of 100 (NDC 0074-6073-13) 
Cylert Chewable is supplied as monogrammed, grooved tablets in one 


dosage strength: 
37.5 mg. tablets (orange-colored) c) 
in bottles of 100 (NDC 0074-6088-13) 
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The Dent Neurologic Institute 
Presents a Workshop On: 

'The Aneurysm Patient 
Preoperative and Postoperative Care 
June 10-11, 1978 
Sheraton Inn—Buffalo East 
Buffalo, New York 


Guest Faculty 

Maurice Albin, M.D. Pittsburgh, Pennsylvania 

J. M. Allcock, M.D. London, Ontario 

Eugene Flamm, M.D. New York, New York 

John A. Jane, M.D. Charlottesville, Virginia 
Sydney J. Peerless, M.D. London, Ontario 

Joseph Ransohoff, II, M.D. New York, New York 
Robert H. Wilkins, M.D. Durham, North Carolina 


The course will include a detailed analysis of current 
therapy of the aneurysm patient from day of admission 
to longterm follow-up. 


Registration Fee: $165.00 (Residents: $85.00) 
Information 

Walter Grand, M.D. 

Dent Neurologic Institute of 

Millard Fillmore Hospital 

3 Gates Circle 

Buffalo, NY 14209 

(716) 886-2058 
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aCumtl t w OTe 
Headache Management 


PROPER SELECTION OF HEADACHE PATIENTS FOR 
BIOFEEDBACK and APPLICATION OF BIOFEEDBACK TO 
HEADACHE PATIENTS 

both by Seymour Diamond, M.D., 

Director, Diamond Headache Clinic, Chicago 

Drawing upon procedures developed at the Diamond Clinic, 
these tapes give practical guidelines for applying biofeedback 
in headache treatment programs. 

Topics include indications and contra-indications determined 
by correct diagnosis; choice of modality (EMG or Thermal); 
patient training techniques; role of therapist/technician; 
conditions for maximizing transference of biofeedback learned 
skills. Cat. No. T 10, Two Cassettes, $19.90 


CLUSTER HEADACHE: DIAGNOSIS AND TREATMENT 
by Lee Kudrow, M.D., 

Director, The California Medical Clinic for Headache, Encino, Calif. 
Systematically describes symptomatology and distinguishing 
psycho-physiological characteristics of cluster headache suf- 
ferers. Evaluates current treatment techniques, concluding 
that many (eg. histamine desensitization, cryosurgery, and 
most simple analgesics and narcotics) are of doubtful value in 
most cases. Distinguishes between episodic and chronic suf- 


ferers, recommending specific prophylactic medications for the 


former and symptomatic strategies (based upon wide clinical 
and research experience) for both groups. 
Cat. No. T 72, One Cassette, $9.95 


THERMAL BIOFEEDBACK IN MIGRAINE HEADACHE 


TREATMENT: THE MENNINGER FOUNDATION STUDIES 


by Joseph D. Sargent, M.D., 
Chief of Internal Medicine and Dir., Headache Research Treatment 
Project, The Menninger Foundation 


Carefully examines the nature of migraine disorders and 
shortcomings in traditional treatment methods. Presents 
theoretical background for thermal biofeedback training as an 
alternative therapeutic technique, and clinical protocols 
developed and refined over six years at the Menninger 
Foundation. Cat. No. T 39, One Cassette, $9.95 


EVALUATING PLACEBO AND OTHER EFFECTS IN 
BIOFEEDBACK HEADACHE TREATMENT 

by Ian Wickramasekera, Ph.D., 

Dept. of Psychiatry, U of Illinois College of Medicine, Peoria 
Examines sources of reliability of three hypothetical placebo 
mechanisms in relation to chronic clinical pain and headache 
pain in particular, and the role of patient, therapist and 
procedural conditions. Discusses other effects identified in 
clinical headache studies including habituation, direct instruc- 
tional control, hypnotizability, relaxation exercises, spon- 
tareous remission, and desynchrony in pain response systems. 
Cat. No. T 73, One Cassette $9.95 


pM a lenis ees 


ADVANCES IN PHARMACOLOGICAL TREATMENT OF 
MIGRAINE AND PSYCHOGENIC HEADACHES 

by Jose L. Medina, M.D., and Seymour Diamond, M.D., 
Both of the Diamond Headache Clinic, Chicago 

After reviewing causal factors and general preventive strat- 


egies, discusses pharmacological impact from two perspectives: 


1) ways in which contraceptives, estrogens, reserpine, ergots, 
and nitrates may exacerbate the problem; and 2) effective 
management methods with special emphasis on the difficult 
patient. Cat. No. T 71, One Cassette, $9.95 

PATHOGENESIS AND TREATMENT OF HEADACHE 

by Otto Appenzeller, M.D., Ed. 

“When one has Arnold Friedman, John Graham, and Earl 
Walker, to mention a few of the many prominent names 
connected with headache, writing from their. own viewpoints, 
on their own hobby horses, and with their own brands of 
humour, the result is a fascinating series of cameos that can 
be read in any order, at any time, and again and again. 
Migraine, its variants, and muscle-contraction headache, of 
course, take up much of the book, and here one is reaping the 
the fruits of lifetimes of experience, but experts deal in detail 
with other forms of headache—extending beyond the head, 
into facial pain, and including many aspects usually ignored 
in works of this type.” 

Review by Edwin R. Bickerstaff, British Medical Journal, Oct. 8, 1977 
Cat. No. B 18, (Hardbound Book), $18.00 
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Instructions for Authors 


Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, Iowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARcHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effective Jan 1, 1978, transmittal letters to the editor should 
contain the following language: *In consideration of the 
American Medical Association taking action in reviewing and 
editing my submission, the author(s) undersigned hereby trans- 
fers, assigns, or otherwise conveys all copyright ownership to 
the AMA in the event that such work is published by the AMA." 
We regret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessi- 
tate delay in review of the manuscript. 


Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 


Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 em (8' x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 


Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 


References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal ¢ommunications should not be listed as 
references. References to journal articles should include (1) 
author(s), (2) title, (3) journal name (as abbreviated in 


Index Medicus), (4) volume number, (5) inclusive page 


. numbers, and (6) year, in that order. References to books 


should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, (6) 
publisher, and (7) year. Volume and edition numbers, 
specific pages, and name of translator should be included 
when appropriate. The author is responsible for the 
accuracy and completeness of the references and for their 
correct text citation. 

Metrication.— All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

lllustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 em (5 x 7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 

Legends.—Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 

Acknowledgments.—Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher’s 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 

Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 cm 
(812 x 1l-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 


BOOKS IN NEUROLOGY AND RELATED DISCIPLINES 


HYPERSOMNIA WITH PERIODIC 
APNEAS 
Advances in Sleep Research, Vol. 4 


By Elio Lugaresi, M.D., Giorgio Coccagna, M.D., and 
Magda Montavani, M.D. “This is an unusually significant 
book; an elegant and comprehensive account of the past 
decade of the authors’ crucial investigations and dis- 
coveries on the syndrome ... . In true pioneer fashion 
they have patiently and persistently accumulated the 
seminal data. Their studies have ranged widely, empha- 
sizing particularly the hemodynamic components of 
HPA. No less significant is the descriptive work on the 
repetitive apneas and their relation to sleep stages, 
varieties of upper airway problems, evolution of HPA, 
treatment evaluation."—William C. Dement, M.D., Ph.D. 
Spring 1978 $20.00(Tent.) 


PEDIATRIC NEUROLOGY AND 
NEUROSURGERY 


Edited by Richard A. Thompson, M.D. and John R. 
Green, M.D., F.A.C.S. Neurological and neurosurgical 
disorders of the infant, child, and adolescent are a group 
of the most frequent and challenging problems of me- 
dicine. In this book, 20 noted authorities address such 
killing and crippling conditions as CNS developmental 
abnormalities; NDS; auto-immune diseases; migraine, 
headache and vertigo; newborn and febrile seizures; 
convulsive disorders; and congenital malformations. 
Recent advances are offered in pediatric neuroradiology, 
pediatric neuroanesthesia, and pediatric neurosurgery 
of trauma and tumors. 


Spring 1978 $25.00(Tent.) 


AGING AND DEMENTIA 


Edited by W. Lynn Smith, Ph.D. and Marcel Kinsbourne, 
M.D. “This small book, written in nine chapters by ex- 
perts in neuropsychology, psychiatry, neurology, neuro- 
pathology, and neuroradiology, from both sides of the 
Atlantic, recognises the difficulties, recounts what has 
been achieved so far, and points the way for the future. 
In particular, it emphasises the value of multidisciplinary 
prospective research. . . . the book should help all con- 
cerned to understand each other's work better, and 
provide ideas interdisciplinary 
Med. J. 
1977 


for research." — Brit. 


xii + 244pp., illus. $15.00 


BIOLOGICAL BASES 
OF PSYCHIATRIC DISORDERS 


Edited by Alan Frazer, Ph.D. and Andrew Winokur, 
M.D., Ph.D. An interdisciplinary venture into the mind 
and the sources of its disorders, this text explores the 
intricate relationship between the brain as a biological 
entity and human behavior. Based on a carefully planned 
biological background, it deals with substantive issues 
in the major behavior disorders. **. . . a superb, easily 
read book. . . . it isa pleasure to leaf through this book, 
with regard to illustrations, with regard to content—even 
with regard to typography."—Comm. in Psychopharm. 
1977 xiv + 27lIpp., illus. $15.00 


TOPICS IN CHILD NEUROLOGY 


Edited by Michael E. Blaw, M.D., Isabelle Rapin, M.D. 
and Marcel Kinsbourne, M.D. Internationally-acclaimed 
neurologists from four continents offer compelling an- 
alyses of neonatal neurology, :emporal lobe seizures in 
childhood, language and attention in learning disabilities, 
behavior disorders in childhood and their treatment. 
Plus: Sven Brandt on the parentage of child neurology 
and Henri Gastaut on the Lennox-Gastaut Syndrome. 
All phases of treatment, from diagnosis, behavior, sur- 
gery and pharmacokinetics through the use of this in- 
formation to determine biological predictors, are dis- 
cussed in detail. 
1977 xii *- 343pp., illus. $25.00 
PATHOGENESIS AND TREATMENT 
OF HEADACHE 


Edited by Otto Appenzeller, M.D., Ph.D. “When one has 
Arnold Friedman, John Graham, and Earl Walker, to 
mention a few of the many prominent names connected 
with headache, writing from their own viewpoints, on 
their own hobby horses, and with their own brands of 
humour, the result is a fascinating series of cameos that 
can be read in any order, at any time, and again and 
again. . . . for effective management and classification 
of headache one necessary factor is repeated again and 
again throughout the book-justifiably so—and that is 
the importance of scrupulous history taking, and the 
need to appreciate what is known of underlying mecha- 
nisms.” — Brit. Med.J. This book was selected one of the 
ten best of the year by Practical Psychology for Phy- 
sicians Magazine. 
1976 


x + 217pp., illus. $18.00 


SP MEDICAL & SCIENTIFIC BOOKS 


fill a division of Spectrum Publications, Inc. 


Please send me the titles checked below: 


) Hypersomnia with Periodic Apneas (036-2) 
) Pediatric Neurology and Neurosurgery (035-4) 
) Aging and Dementia (013-3) 


) Topics in Child Neurology (021-4) 


LR RAS OE 


( ) Payment enclosed ( ) Bill me 


) Biological Bases of Psychiatric Disorders (011-7) 


) Pathogenesis and Treatment of Headache (000-1) 


175-20 Wexford Terrace, 
Jamaica, New York 11432 


Name 
Address | 
City/State/Zip _ 


Europe, Africa, Middle East: SP Medical &-Scientific Books, 
3 Henrietta St., London WC2E 8LU, England. Listed prices, 
subject to change without notice, apply in U.S. and Canada 


only. N. Y.S. residents add sales tax. 
ARN-4 
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Decadron® Hexadrol® 
dexamethasone, USP dexamethasone, USP 


Tablets 0.5mg Tablets 0.5 mg 
100's 30's ; $ 4.16 per 100 
1000's ; 500's 43.42 per 1000 


Tablets 0.75 mg Tablets 0.75 mg 
100's 100's 5.85 per 100 
1000's À 500's 46.30 per 1000 


Tablets 1.5mg Tablets 1.5 mg 

50's ! 50's 8.74 per 100 
Tablets 4.0mg Tablets 4.0mg 

50's 100's 7.24 per 100 


*Based on wholesale price to retailer as listed in Drug Topics Red Book 1978. 





Economy...When You Need It, Hexadrol Has It! 


Organon Pharmaceuticals 
Organon A Division of Organon Inc. 
West Orange, N.J. O7052 


A PART OF /^kzona INC 
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EVOKED RESPONSE SYSTEM 
by “GRASS 


FOR INVESTIGATION AND STUDY OF: 


e visual field defects and optic neuritis by visual evoked re- 
sponses, 


e demyelinating disorders such as multiple sclerosis by audi- 
tory, visual and somatosensory evoked response recording, 


ə brainstem areas for possible hemorrhage, demyelinating 
disease, and certain metabolic disorders by looking at the 
Brainstem Auditory Evoked Response, 


e cortical consequences of head trauma, transient ischemic 
attacks and stroke, 


e spinal cord injury by evoked potentials recorded in that 
area, 


ə the degree of residual brain function in comatose patients, 


e hearing loss by use of Auditory Evoked Response to various 
forms of auditory stimuli. 


MODULAR UNITS FOR THE EVOKED RESPONSE SYSTEM 


SIGNAL CONDITIONING MODULE 
Signal conditioning amplifiers, cclibrator and electrode selec- 
tor and test circuitry. Two or four channels in one compact 


module. 


BIO-RESPONSE AVERAGER - BAT1O 

Two or four channels - each channel having 1024 word memory 
uniquely designed to handle short latency, rapid rise-time 
brainstem responses, and multiple trials needed to coax sub- 
microvolt signals out of noise within less than 10 milliseconds 
post-stimulus. 


DATA DISPLAY 
Tektronix CRO equipment for on-line visualization. 
Hewlett Packard X-Y Plotter for write out. 


STIMULATORS AND GENERATORS 

Stimulators for visual, auditory and somatosensory evoked po- 
tentials. Photic stimulators and pattern generators. Stimula- 
tors, attenuators and earphones for auditory click generation. 
Stimulators and isolation units for somatosensory evoked poten- 
tials. 


® 
© GRASS INSTRUMENT CO. 1978 GRASS, SINCE 1935 
MEDICAL MAE LUI E 


75823878 - February 1, 1978 QUINCY, MASS. 02169 + 617/773-0002 ` 





ANNOUNCEMENT 


Course Title: "Recent Advances in 
Electrodiagnosis" 

Course Director: Samuel B. Chyatte, M.D. 

Date & Place: June 8-9, 1978, Center for 
Rehabilitation Medicine, Emory 
University, Atlanta, Georgia 

Credits: 11 hrs. Category |- AMA 

Tuition: (Payable upon application) $110 

Limit of Enrollment: 75 















Make checks payable to: Emory University and 
send to Mrs. Ethel B. Warner, 207 Center 
for Rehabilitation Medicine, 1441 Clifton 

Road, N.E., Atlanta, GA 30322 
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CLINICAL 
ASSOCIATE 


| The Developmental and Metabolic Neurology Branch, 


under the direction of Dr. Roscoe O. Brady, M.D., 
National Institute of Neurological and Communicative 
Disorders and Stroke, National Institutes of Health, 
Public Health Service, is offering a 1 to 2 year appoint- 
ment for a Board certified or eligible neurologist who 
wishes further training in clinical and basic research 
problems related to metabolic diseases that affect the 
nervous system. Working under a senior investigator, the 
incumbent will have supervision of a 5+ bed specialty 
unit dealing with treatment of metabolic disorders. Of 
special interest are disorders of sphingolipids, mucopoly- 
saccarides, amino acids, and organic acids. 

The position will be filled under PHS Commissioned 
Corps or a Service Fellowship. Starting salary range is 
$19,500 to $28,000. 

Interested applicants should submit their curriculum 
vitae and bibliography by April 28, 1978, to: Mr. Clifford 
Schein, NATIONAL INSTITUTES OF HEALTH, NINCDS. 
9000 Rockville Pike, Bldg. 31, Rm. 8A23, Bethesda, Md. 
20014. An equal opportunity employer. 


NATIONAL INSTITUTES 
OF HEALTH 





for the part-time 


occupational physician... 


an invaluable 
quick 
reference 
guide to 
occupational 
dermatoses 


The AMA’s new guide, Occupational Dermatoses, is an in- 
valuable aid for physicians working part-time in occupa- 
tional health programs. 

It provides a ready reference for specific information 

on the causes, diagnosis, prevention, and treatment of 
occupational skin diseases. It also discusses management 

of prolonged and recurrent dermatoses, medico-legal aspects, 
and provides extensive references. 
To order your copy ($1 ea.) of Occupational Dermatoses, 
OP-108, write: Order Dept., American Medical Association, 
535 N. Dearborn St., Chicago, III. 60610. 
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in the management of Parkinson's disease 
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may help bring the world of the 
parkinsonian patient back into balance 
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Sinemet 
can mean aworld of difference 
for some parkinsonian patients... 





Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 


Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 
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and that difference 
often depends on proper dosage 





Start with SINEMET-25/250 $55 mg iodoa — oean 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 


- of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 


t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 
SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa—the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 
SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 


- been taking less than 1500 mg per day. 


Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
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Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating enpi: 
Contraindications: MAO inhibitors and SINEMET should not be 

iven concomitantly. MAO inhibitors must be discontinued at 
east 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: ie dina must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administrat on of levodopa. All patients 
should be observed caretully for deve opment of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current psychoses. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, mcre dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe Cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 
atrial, nodal, or ventricular arrhythmias. In such patients, cardiac 


function snould be monitored with particular care during perioc 
of initial dosage adjustment, in a facility with provisions foi 
intensive cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects o: 
SINEMET on human pregnancy and lactation are unknown, bott 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use o! 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be vete da against possible hazards tc 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should - given cautiously to patients on antihyperten- 
sive drugs. When SINEMET is started, dpsspe adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyline, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 
peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson's disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
observed for loss of antiparkinsonian effect. 

Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the "on-off" phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sweating, 
bizarre breathing patterns, urinary retention, urinary inconti- 
nence, diplopia, blurred vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense of 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and 
activation of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same aS management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. j6si102 R1 (DC 6834803 





For more detailed information, consult your MSD repre- MERCK 
sentative or see full prescribing information. Merck Sharp S 
& Dohme, Division of Merck & Co., INc., West Point, Pa. 19486. DOHM 


Special Article 


A Physician for All Seasons 


James Parkinson 1755—1824 


Melvin D. Yahr, MD 


I) the past decade, medical 
educators have become aware of 
a new breed of student among the 
hallowed amphitheaters of medical 
schools. At first glance, he bears little 
relationship to his predecessors who 
have been characterized over the 
years as being establishment people, 
totally immersed in their studies and 
relative ely. isolated. and uninvolved 
with the political and social poppies 






existing around them. To a consid- 
erable extent, the medical students of 


yesterday accepted the established 
traditions of medical teaching, train- 
ing, and practice and rarely, at least in 
open forum, questioned the wisdom of 
authority—apparently wanting only to 
qualify for their rightful place in the 
medical and social hierarchy. But it 
seems that the observation of the 
well-known folk singer and hero of all 
under 30 years of age—Bob Dylan— 
applies to medicine: “The times they 
are a-changing." 

The situation as it exists today in 
medical schools has been the subject of 
numerous comments, discussions, and 
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reports. The general feeling expressed . 


is that medical schools are now 
confronted with a generation of 
students who actively express their 


discontent with the nature of our 


present society in general and of our 
medical institutions in particular. The 
issues debated are common to many 
campuses: racism in our society, the 


mado ME our health care sys-_ 


tem, problems of the poor and the 


ghetto, overpopulation, the decay of 


our environment and our inner cities, 


and the quality and relevance of the 


educational system, whether it be 
undergraduate or graduate. In conse- 
quence, medical schools find them- 
selves in constant flux regarding their 
curriculum and steadily more involved 
in local and national politics; even the 
social issues related to health are 
superimposed on those of war, racism, 
poverty, and student power? 

We are inclined to think of this 
involvement as something new and, in 
a sense, it is. Certainly, collective 
action by medical students or house 
staff officers in this country has not 
previously been encountered. De- 
mands to be heard at national meet- 
ings, as occurred recently when the 
moral issues involved in psychosur- 
gery were being discussed, or strike 
action against working conditions in 
hospitals have been alien to our 


medical scene. However, there have 
always been individual activists 
among us, some even more intensely 


involved than the most vociferous, 


bearded sophomore you can name. 


i One individual who stands out in this 


regard is James Parkinson. Though he 
lived almost 200 years ago and is 
primarily known for his contributions 
to clinical medicine, he had a great 
deal to say about the political and 
social milieu of his day. A few quotes 
from his writings should leave little 
doubt as to the depth of his disee ntent 
with the inequities of the era in which 
he lived and the militant measures he 
felt should be taken to effect a 
change. 

On war and the military estab- 
lishment: “Young men,” he wrote, 
“are dragged like felons into a service 
they dislike, and made accomplices in 
slaughter .... We wade in the blood of 
our brothers to gratify the ambi- 
tion... of wholesale thieves who de- 
stroy everything we value, and are 
then esteemed, honored and labelled 
great men." 

On poverty: "Industry is universally 
extoled, yet he who works most 
always -eats least.... The laborer 
starves while the idlest man in society 
rolls in wasteful abundance." 

On the rights of labor: "Workmen 
should not be punished with imprison- 
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ment for uniting to obtain an increase 
in wages, while their employers are 
allowed to conspire against them with 
impunity." 

On civil disobedience: He asks a 
rhetorical question, "May people take 
up arms against their rulers?" and 
replies, "If the ruler breaks faith with 
the people, he should be forcibly 
deposed." 

On revolution: "It is not sufficient 
to punish the tyrant, we must destroy 
tyranny. The project of Brutus and 
Cassius was ill-conceived." He goes on, 
"they acted like citizens, not like 
statesmen, in assassinating only Cae- 
sar. Statesmen would have murdered 
Caesar, Antony, Octavius—every op- 
pressor. It is repellent for a free 
people to crouch like a camel to be 
loaded with every injustice a corrupt 
government can pile onto their backs. 
Corruption can be self-perpetuating, 
and people can be complacent, and if 
this situation is not corrected, my 
blood freezes at the thought of what 
must follow.” Total subjugation is the 
horror that he foresees. 

On the existing form of medical 
education: “Of all the modes that could 
be devised for a medical and surgical 
education, this is the most absurd, and 
is the one which would most certainly 
exclude a young man from the chance 
of acquiring that knowledge which the 
important situation he is about to fill 
so imperiously demands." 

Certainly, many a medical school 
dean has spent long hours listening to 
students expressing ideas very similar 
in eontent. When James Parkinson 
voiced them almost 200 years ago he 
was a young physician, practicing in a 
quiet, well-to-do suburb of London 
called Shoreditch, where he was born 
and spent his entire life. His father 
was an apothecary and surgeon, with 
special interest in anatomy. James 
became apprenticed to him and even- 
tually took over his practice, as did one 
of his own sons who replaced him 
some years later. James Parkinson's 
earlier career was most conventional. 
He was devoted to his practice and the 
church of his parish, and was a trustee 
of the vestry and secretary of the 
sunday school. A more stable, peace- 
ful, pro-establishment existence is 
hard to imagine—surely, one designed 
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to accept the status quo. Yet, he was a 
sensitive man, particularly to the 
many injustices that he observed in 
his daily contact with the sick and 
needy of his village. His medical prac- 
tice led him to see, rather than ignore, 
the problems of the poor, their inad- 
equate health care, the lack of educa- 
tion for their children, and the miser- 
ies brought to all classes by war. His 
reaction was to offer more than 
sympathy. He realized the need for an 
activist role, attacking injustice no 
matter how many highly placed people 
he might offend. In consequence, he 
took up his pen and resorted to 
publishing his views, which were 
widely distributed, and he became 
known as a social reformer and a 
political radical.’ 

It is undoubtedly significant that 
Parkinson was living through a period 
of history perhaps even more restless 
and difficult than our own. The Amer- 
ican colonies had just broken away 
from Britain amid resounding procla- 
mations of liberty and equality. Hard 
on the heels of this world-shaking 
event, revolution broke out in 1789 
across the channel in France. There 
were those in England who saw paral- 
lels between their own situation and 
that of France. This included an 


incompetent King—old’ G George III, 


who suffered from porphyria with 
episodes of psychotic behavior—an 
extravagant nobility, and a govern- 
ment that was far from being repre- 
sentative of the people. The world 
revolutionary spark was kindled and 
soon jumped the channel. There were 
demonstrations, plotting in the coffee 
houses and reform societies (some of 
these were essentially middle-class 
dining societies), organizing, and be- 
coming active in Britain. In 1792, 
Parkinson joined the most influential 
one, known as the London Corre- 
sponding Society.” 

The government of Britain was not 
alarmed about the French Revolution 
in its early stages. They were inclined 
to regard it as a simple effort to 
establish a constitutional monarchy 
very much like Britain’s, and they felt 
perfectly comfortable about it all, 
expecting it to pass without great 
stirrings in their own country. But 
after a year or so, there were some 


unsettling developments. The revolu- 
tionary leader called Marat, inciden- 
tally, a physician of excellent reputa- 
tion who had received an honorary 
degree from St Andrew's University 
in Scotland, published a series of 
pamphlets that vigorously opposed the 
idea that France should imitate the 
British form of government. His visits 
to England had convinced him that 
only the mere formalities of liberty 
were being observed there and that a 
powerful aristocratic oligarchy was 
ruling the country for its own benefit 
and not for the benefit of the people. 

Edmund Burke, the leader of the 
Whig Party, became disturbed at 
what he began to see was a true effort 
at social leveling in France, which 
could soon affect England, and spoke 
out against the Revolution. Pitt, the 
prime minister, who had been among 
those who had approved of the early 
reforms instituted by the French, 
began taking a very different view of 
things when the revolutionists began 
to treat the king with something less 
than proper deference. When King 
Louis XVI’s head rolled, Britain 
succumbed to terror. Habeas corpus 
was suspended, the press was at- 
tacked (in a manner not too different 
from that of recent date in this coun- 
oy) the midnight. knock on. the door 
diis: commonplace, and the prisons 

ere soon filled with political dissent- 


ers. Burke continued to attack all who 


supported social reform, referring to 
them as "the swinish multitude," 
which sounds like the other side of the 
coin from "effete snobs", an appela- 
tion used by a recently deposed vice- 
president in this country to describe 
those dissenting from official govern- 
ment policy. 

One of Burke's most bitter op- 
ponents was a pamphleteer who called 
himself, "Old Hubert." His writings 
were eagerly sought and could be 
bought for a penny at a bookstall near 
St James' Square. One that caused 
considerable stir was titled "An 
Address to the Honorable Edmund 
Burke From the Swinish Multitude,” 
in which Old Hubert thanked Burke 
for "the extremely elegant epithet 
which your . . . fondness for the people 
has induced you to bestow on them. 
Let us all be esteemed swine togeth- 
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.. We will be satisfied with the 
plain appelation of the swinish multi- 
tude, whilst you and your friends who 
are so fond of distinction shall be 
termed Hogs of Quality!” 

Old Hubert was none other than the 
good doctor of Shoreditch, James 
Parkinson. His pamphlets appeared 
with unremitting frequency and let 
fly at just about every social and 
political injustice that existed in this 
very unjust era. He attacked impris- 
onment for debt; unfair financial 
burdens placed on the people; the poor 
laws that prevented a man from 
leaving his parish to obtain employ- 
ment; the vicious practices of impris- 
onment of seamen; and the corruption 
in Parliament. 

By this time, the guillotine was 
busily clanking across the channel in 
the Place de la Concorde, and the 
British government was in no mood 
for this sort of talk. Several officers of 
the London Corresponding Society 
were among those arrested and 
promptly sent off for 14 years of so- 
ealled transportation to Botany Bay, 
Britain’s 18th century equivalent of 
Siberia. Parkinson himself was 
charged with treason, yet he very 
courageously came forward at the 
trial of the bookseller who dealt in his 


own papse and spoke in the man's 
defense, apparently impressing t 








judges with his straightforwardness 
so that he himself was never prose- 


cuted.’ 

Old Hubert continued to publish 
pamphlets for the next year or so and 
then, without explanation, his writ- 
ings stopped. James Parkinson, while 
never losing his bent for bringing 
injustices to light, apparently turned 
his attention more in the direction of 
the sciences. 

In 1799, pursuing his interest in 
chemistry, a “department of science,” 
as he put it, “where wide scenes of 
interest and amusement are constant- 
ly opening up the mind,” he published 
a “chemical handbook.” This was a 
carefully compiled account of current 
knowledge in the field, in which he 
catalogued, described, and indicated 
the available substances of the day. 
The book was very well received and 
went into five editions.’ 

In 1800 he published an essay on 
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medical ethics and the study of medi- 
cine called “The Hospital Pupil: An 
Essay Intended to Facilitate the 
Study of Medicine and Surgery.” He 
discussed the qualifications that a 
young man needed to pursue this 
profession: more than ordinary abil- 
ity, intelligence, and not too much 
levity. He forewarned the young 
candidate of the “self-accusations” 
and “distressful doubts” that will 
overtake him when, in spite of all his 
efforts, he is pursued by “calamities” 
in caring for patients. He faulted an 
educational system consisting of 
seven years of apprenticeship, doing 
such menial tasks as dispensing. He 
called for education in the liberal arts 
and a knowledge of French and 
German so as to be able to be familiar 
with the medical literature published 
in these countries. He also had a word 
of warning about choosing a specialty, 
advising the student not to be overly 
impressed "with the showiness of 
operations" into electing surgery. We 
recognize the feelings of the reformer 
when he says, discussing ethics, "Let 
not your censure fall on anyone 
because his origin has been hum- 
bler." 

Parkinson's greatest interest—hob- 


by, really— geology and pal 
ogy. He \ AES MÀ: 


and working on a monumental three- 


volume study called Organic Remains 


of a Former World, which he brought 
out in the years 1808 through 1811 and 
for which he received widespread 
recognition. The work was considered 
the first standard authority on the 
subject and was called a memorable 
event in the science of geology. 

We should note that in 1812 Parkin- 
son's son, John, wrote the first paper 
in British medical literature on the 
subject of appendicitis. It is thought 
that the young man was assisted by 
his famous father. In any case, this 
clear description of the postmortem 
findings of a 5-year-old patient of 
theirs was submitted by James Par- 
kinson to the British Medical and 
Surgical Society.’ 

In 1811, after a painful experience 


members of the Geological Society of- 
Loi ndon when it was founded in 1807. 
. He was able to find leisure seeking out 

specimens for his collection of fossil 


of his own in which he was accused of 
wrongfully certifying a woman as 
insane, Parkinson published a mono- 
graph called Observations on the Act 
Regulating Mad-houses, in which he 
drew attention to the need for reform 
in this sensitive branch of medicine. 
He pointed out the diffieulties of 
defining insanity and noted cerebral 
diseases or personal eccentricities that 
could simulate mental illness. He went 
into the matter of who was qualified 
to certify a patient: at that time, a 
physician, an apothecary, or a surgeon 
were empowered to do so. Parkinson 
believed that physicians were certain- 
ly satisfactory for this purpose, apoth- 
ecaries might or might not be, de- 
pending on the individual, but sur- 
geons-never. He made some useful 
suggestions regarding review of the 
patient's certification immediately af- 
ter admission and also when the condi- 
tion changed for the better; in addi- 
tion, he called for a physician or 
commissioner to arbitrate in doubtful 
cases. This monograph helped to 
vindieate him personally and it also 
contributed to the Reform Act of 1811 
regarding incarceration of the insane, 
which at least opened the door to 
improvements in what had often been 
a sorry situation.’ 


among the ~ original ....'"In-1817, at the age of 62, he wrote 


his now famous "Essay on the Shak- 
ing Palsy.” It alone is responsible for 
the handing down of his name to 
posterity. Though the account of this 
new disease entity was well received 
by the few journals who took notice of 
it, it was not until 60 years later that 
Charcot applied the term “Parkinson’s 
disease” by which it has been known 
ever since.’ 

The original monograph of some 66 
pages appeared in a single limited 
edition. They are at present a library 
treasure. At a recent rare book 
auction, one was available for $3,500. 
The report was based on six cases, 
only three of which he had examined 
in detail. The others were known to 
him casually, having been observed on 
the streets or in public places in 
London. Despite the paucity of case 
material, the clarity and detail of his 
account and his insight into the nature 
of the disease are remarkable and 
unsurpassed in the annals of medi- 
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cine. He recognized all the major 
symptoms, the age at onset as being 
more than 50 years, and its progres- 
sive disabling nature. He rightfully 
attributed the site of disease to the 
nervous system, indicating “an irreg- 
ularity in the nervous influence rather 
than in the nerves of the parts.” 
However, he thought the pathological 
site was in the medulla spinalis, with 
extension to the medulla oblongata as 
it progressed.‘ 

The reason for Parkinson writing 
this monograph is of more than 
passing interest. Tremor with some 
paralysis had been known since the 
time-of Galen. However, there was no 
attempt to classify it as a nosological 
entitity nor was there any interest in 
defining its underlying pathology. It 
was with this in mind and with the 
E hope of drawing the pathological 
anatomist into its investigation that 
he wrote his essay.’ 

As stated in the concluding para- 
graph: 
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The leading of the attention of those who 
humanely employ anatomical examination 
in detecting the causes and nature of 
disease, particularly to this malady, by 
their benevolent labors its real nature may 
be ascertained and appropriate modes of 
relief, or even cure pointed out. 





In the many interveni ng ye 
numerous investigators have at- 
npted to meet the challenge set 
forth. by James Parkinson. Their 
examinations, though extensive, have 
fallen far short of revealing the true 
nature of this enigmatic disorder. For 
the better part of a century, a 
protracted controversy existed among 
morbid anatomists regarding the site 
and type of morphological changes 
occurring in parkinsonism. However, 
eventually a consensus emerged indi- 
cating that the major pathology 
involved the substantia nigra. The 
demonstration within recent years 
that striatal dopamine deficiency was 
secondary to destruction of nigral 
neurons opened a new era for investi- 
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gation of the etiology and pathogen- 
esis of parkinsonism as well as a 
method for controlling its symptoms. 
Hopefully, full realization of James 
Parkinson’s desires will be forthcom- 
ing in the not too distant future. 

James Parkinson was certainly a 
man of considerable stature—a con- 
scientious and skillful medical practi- 
tioner; an accomplished writer; a 
master geologist and paleontologist; 
and a political and social reformer. To 
all of these activities he brought the 
approach of keen, astute observation, 
good deductive reasoning, and, above 
all, an empathy for and a desire to 
benefit mankind. By every criterion 
he was truly a physician for all 
seasons. 
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Malignant Hyperthermia 


9 ~ 


and Central Core Disease in a Child 


With Congenital Dislocating Hips 


Case Presentation and Review 


Gloria D. Eng, MD; Burton S. Epstein, MD; W. King Engel, MD; Douglas W. McKay, MD; Robert McKay, MD 


o We describe a development of a 
malignant hyperthermia (MH) syndrome, 
partially aborted by therapy, in a child with 
central core disease and congenital dislo- 
cating hips. Patients with central core 
disease appear.to be more susceptible to 
MH; possibly those with elevated serum 
creatine phosphokinase levels, às in our 
patient, are especially susceptib e. We 
review the clinical and pathologic as- 
pects, possible pathogenesis, and treat- 
ment of the MH syndrome. An increased 
calcium level within the muscle fiber is 
suggested as the major cytodestructive 
factor, and that increase could be conse- 
quent to a plasmalemmal susceptibility to 
the provoking drugs hypothesized to be 
the basic defect in MH. Prevention of the 
full manifestations of MH is predicated on 
(1) a high index of suspicion in the search 
for history of anesthetic complications in 
the patient and his family, with or without 
evident neuromuscular disease, (2) rec- 
ognition that there is a somewhat greater 
risk of MH developing in a patient who has 
certain “musculoskeletal” abnormalities 
or muscle weakness but that is not— 
except for central core disease—a classic 
clinicopathologically defined disease, (3) 
close monitoring of patients during anes- 
thesia, and (4) if the syndrome develops, 
prompt therapeutic measures, including 
cessation of anesthesia. 

(Arch Neurol 35:189-197, 1978) 
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D eua hyperthermia (MH) is a 
catastrophic reaction that 
occurs in certain susceptible persons, 
induced by the administration of a 


skeletal muscle alt espe 
the depólarizing agént sueeinylcho 


ine, and/or an inhalation anesthetic, " 
especially halothane. Children, young 


adults, and men are more affected. 
The earliest sign of MH may be 
rigidity of the masseter muscles, 
which inhibits easy intubation of the 
trachea. If the precipitating agent is 
suecinyleholine, this may be ac- 
companied by excessive muscle fascic- 
ulation. In most (80%) of the MH 
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cases, there develops both generalized 
and continuous rigor and a rise in 
temperature, often to an alarming 
degree. Profuse sweating, tachypnea, 
and tachycardia develop, with ensuing 
nétabolic acidosis accompanying high 


blood lactate levels, hyperkalemia, 


hypocaleemia, and loss of muscle 
soluble constituents (eg, creatine 
phosphokinase, other "muscle en- 
zymes, and myoglobin) from the 
muscle fibers into the serum. Compli- 
cations include consumptive coagulop- 
athy, renal shutdown from severe 
myoglobinuria, cardiac arrhythmias, 
and cardiac arrest. This train of 
events may commence at any time 
during the course of anesthesia and 
even afterwards in the recovery 
phase. It can occur during the first 
anesthesia or only with a subsequent 
one. In some cases (20%), hyper- 
thermia can develop without muscle 
rigidity or rigidity without hyperther- 
mia. 

Historically, "postoperative heat 
stroke” was described by Tuttle’ in 
1900 and Moscheowitz^^ in 1900 and 
1916. Denborough et alt recognized 
MH as a particular syndrome in their 
description of an Australian family in 
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which ten members died of complica- 


tions associated with ether anesthesia, 
the earliest fatality having occurred 
in 1921. Britt and Kalow? in their 1970 
review noted a fatal case that had 
occurred in 1922. To date, more than 
175 cases have been reported, primari- 
ly in the Australian, British, and 
Canadian literature.’ Britt and Ka- 
low reviewed 60 familial eases occur- 
ring in 14 families? Mortality of MH 
during or as an immediate result of 
the episode ranges from 639" to 
13%.” 

Malignant hyperthermia is a clin- 
ical syndrome. Patients of various 
types have a predisposition for this 
pharmacologically provoked response. 
In some cases, the predisposition has 
been transmitted as an autosomal 
dominant trait of variable pene- 
trance." In many patients in whom 
MH develops, an underlying neuro- 
muscular disorder can be detected by 
clinical examination, serum creatine 
phosphokinase (CPK) studies, or mus- 
cle biopsy studies. In others it cannot, 
although the presence of the MH 
syndrome per se allows presumption 
of some form of underlying neuro- 
muscular disorder. Muscle biopsies in 
MH patients and their relatives have 
not, except patients with central core 


_ disease, furthered edefinitionntof a» 


distinct clinicopathologic entity or 
entities susceptible to MH. Biopsy 
specimens (studied by less precise 
nonhistochemical techniques) have 
shown no changes even when the CPK 
level was elevated, showed slight 
nonspecific abnormalities, or minimal 
myopathie abnormalities.” (In the 
specimens showing slight myopathy, 
avoidance of damage from possible 
previous electromyogram (EMG) nee- 
dling” was not mentioned.) Our own 
experience has been similar and has 
included some patients with findings 
of minimal denervation as the only 
abnormality in the muscle biopsy 
specimen (W. K. Engel, MD, G. D. 
Eng, MD, unpublished data, Nov 
1976). 

Regarding central core disease, 
Denborough et al** described a 71- 
year-old woman whose muscle biopsy 
specimen showed cores in 55% of the 
type I fibers. She was an aunt of the 
MH propositus in a family where ten 
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persons had died of malignant hyper- 
pyrexia. The serum CPK level was 
raised," and the biopsy showed a 
markedly abnormal response in vitro 
to halothane.® Denborough and 
Moulds?"* found “cores” in six mem- 
bers of that family A, and undepicted 
cores in the propositus of a family D, 
who also had elevated CPK levels. 
Isaacs and Barlow? described two 
patients with central core disease and 
elevated CPK levels in a family known 
to be susceptible to MH. We are pre- 
senting another case of a MH reac- 
tion, fortunately aborted, that was 
associated with central core disease. 
We are suggesting that this neuro- 
muscular disorder falls into a high- 
risk category for MH. 


REPORT OF A CASE 


The patient is a 20-month-old, 10-kg girl 
who began to walk at 15 months and was 
found to have a lurching gait at 18 months 
of age. This was attributed to a dislocating 
left hip and a subluxating right hip. The 
preoperative history, physical examination 
results (except for findings related to the 
hips), and basic laboratory data were unre- 
markable. There was no weakness or other 
evidence of neurologic disease. The serum 
CPK level and ECG were not studied 
preoperatively. There was no previous 


his of administration of anesthesia to 
"C T Was theré a history of 
adverse reaction to anesthesia in any 
member of the family. ; 


food after 7:00 PM the night before surgery. 
Premedication with 0.2 mg of atropine 
sulfate, 1 mg of morphine sulfate, and 40 
mg of pentobarbital was administered at 
7:15 AM, one hour prior to induction of 
anesthesia. Axillary temperature at that 
time was 36 C. Other vital signs were also 
normal-blood pressure, 106/60 mm Hg, 
heart rate, 124 beats per minute, and respi- 
ratory rate, 28/min. Anesthesia was 
induced without incident at 8:32 AM. Halo- 
thane, nitrous oxide, and oxygen were 
administered by face mask, and an oropha- 
ryngeal airway inserted. A No. 22 venous 
catheter was inserted percutaneously and 
15 mg of succinylcholine chloride adminis- 
tered intravenously to facilitate endotra- 
cheal intubation. The patient became 
apneic immediately and was ventilated 
easily through the mask. Prior to laryngos- 
copy, the oral airway was removed. 
However, the jaw snapped shut and could 
not be pried open. Ventilation and oxygen- 
ation were reinstituted through the face 
mask. 


Tuo che TRE ee ME — Fig 1.—Propositus. Unstained central-core 





The insufficient relaxation of the mandi- 
ble was believed due to an inadequate 
depth of anesthesia, insufficient dose of 
succinylcholine, or both. An additional dose 
of 20 mg of succinyleholine was adminis- 
tered intravenously. In spite of adequate 
relaxation of the diaphragm and obvious 
flaccidity of the limbs, the jaw muscles 
remained rigid. Halothane and oxygen 
were administered with controlled ventila- 
tion. Within minutes, the jaw muscles 
relaxed somewhat and laryngoscopy was 
performed, the trachea being intubated 
without difficulty. 

During the period when this unusual 
response to administration of succinyl- 
choline occurred, the axillary temperature 
did not rise above 37 C; nevertheless, addi- 
tional temperature probes were inserted in 
the rectum and nasopharynx for closer 
monitoring. Since vital signs were stable, it 
was decided to proceed with the surgical 
preparation and draping of the left hip. At 
9:23 AM (one hour after induction of anes- 
thesia), all signs were stable and the oper- 
ation was begun. Baseline arterial blood 
gas values obtained at 9:45 AM on breathing 
40% oxygen were as follows: Pao,, 168 mm 
Hg; Paco,, 23 mm Hg; and pH, 7.23. Serum 
electrolyte (venous) values were sodium, 
137 mEq/liter; potassium, 4.2 mEg/liter; 
caleium, 8.5 mg/100 ml, and the CPK level 
of this sample was later reported as 240 
mU/ml (normal, — 70 mU/ml). Repeat 
blood gas determinations at 10:15 AM 
showed a Pao, value of 156 mm Hg; Paco., 
38 mm Hg; and pH, 7.25. Sodium bicarbon- 
ate, 10 mEq, aam. cra ve. 


r 


regions are often eccentric or even periph- 
eral in fibers. In some fibers, there is a 
zone of increased staining around core 
(reduced nicotinamide adenine nucleo- 
tide-tetrazolium reductase stain, x 190). 
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Fig 2.—Father of propositus. Left, Low-magnification view demonstrating many fibers containing central-core, usually eccentric but only 
rarely peripheral. Cores are only in otherwise darkly staining, ie, type | fibers. Core-containing fibers are usually of normal or enlarged 
(85-105 um) diameter. Small angular fiber is in center of field ( x 75). Center, Higher magnification demonstrates that some cores have a 
surrounding thin zone of increased staining, making fiber resemble a target fiber, which is typical of ordinary denervation™ ( x 190). 





Right, In lower center, a very small angular fiber (like those common in ordinary denervation) contains two cores (nicotinamide adenine 


nucleotide-tetrazolium reductase, x 190). 


nously. Blood was replaced as it was lost, 
and fluids were administered intravenous- 
ly at the calculated hourly rate of mainte- 
nance. 

Two and one half hours after induction 
of anesthesia, the axillary temperature had 
risen to 37.5 C and rectal temperature was 
31.2 C. The heart rate had risen from 140 to 


160 beats per minute, yet the blood pres- 
sure, respi: We. M and color were 


unchanged. Severe rigidity 6f%the limb 











and ventilation and oxygenation were 
never compromised. 

To prevent a further rise in temperature, 
the hypothermia blanket was turned on 
and iced Ringer’s lactate was given by 
gavage and through the venous cannula. 
Despite these efforts, the rectal tempera- 
ture rose to 40 C in the next 25 minutes and 
only after that did it begin to decline. A 
second dose of 10 mEq of sodium bicar- 
bonate was given intravenously, and 
surgery was expeditously completed. A 
muscle biopsy specimen was taken before 
the skin was closed, and anesthesia was 
discontinued. 

An intra-arterial cannula was inserted 
‘into the left radial artery and a Foley 
catheter placed in the bladder. Oxygen 
(100%) was administered. Arterial blood 
gas determinations showed a Pao, value of 
368 mm Hg; Paco., 37 mm Hg; and pH, 7.41. 
Since the vital signs were stable and 
adequate respirations had resumed, the 
trachea was extubated and the patient 
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. muscles was noted at that time, but the" 
muscles of respiration were unaffected, - 


Wheel-chair age 30yrs. 
Muscle Disease 


Arh 














& LE 80yrs. 


EE As teenagers did not run. 
Weak muscles 





> muscle disease 
f e op lets 
P " RS i D 1 A E e C p 
aif 2S eS i eS E RS NW. * 
| Limp © leg. Z. M. , 4 
? Polio as: f "s 
Died 62 heart attack T4, P S 





STU 





E OQ € LIL! 353 


: 

20mos. Age 20yrs. 
"sl. case muscular 
dystrophy” 


Fig 3.—Pedigree of family of propositus (black circle). Circles represent females, squares 
indicate males. 


taken to the intensive care unit in satisfac- 
tory condition at 1 PM. Vital signs, 
arterial blood gas determinations, serum 
electrolyte levels, complete blood cell count, 
urine output, and urine myoglobin levels 
were closely monitored and no abnormali- 
ties were noted (but a written electrolyte 
report was not available for confirmation). 


No further complications developed. 

The muscle biopsy specimen studied with 
a full histochemical profile" showed 
typical central core disease (Fig 1). 

The characteristic features were (1) one 
or sometimes two cores in type I fibers 
only, the core regions often being located 
eccentrically and sometimes at the surface 


Malignant Hyperthermia—Eng et al 191 


of the fibers, and (2) type II fiber paucity 
(type I fiber predominance) as judged from 
the myofibrillary adenosine triphophatase 
(ATPase) reaction. The EMG is described 
below. 

The father of the patient has never had 
an anesthetic. He has a chronically dislo- 
cating patella. That was the abnormality 
being operated on in several patients in the 
literature who had malignant hyperther- 
mia.**** Their type of underlying neuro- 
muscular disease was central core disease 
in one* but not identified in the other” 
(perhaps some were also certral core 
disease, eg, family F of Harriman et al?*). 
Mild weakness of the father's shoulder 
girdle muscles and quadriceps was de- 
tected. His serum CPK level was slightly 
elevated at 185 mU/ml. The EMG of his 
and his daughter’s muscles showed mild 
nonspecific derangement. The amplitude 
of the motor unit potentials never 
exceeded 1 mV. There were many notched 
potentials of abnormally short duration, 
but some potentials were abnormally long, 
exceeding 20 to 30 msec. No fibrillations or 
sharp waves were found. Biopsy of the 
father’s left deltoid also showed typical 
central core disease (Fig 2, left), including 
type II fiber paucity. In a given cross 
section, the cores occurred in about 75% of 
the type I fibers. The cores were some- 
times located eccentrically in the fiber. 
Some fibers had two cores. A few dark 
small angular fibers were evident on 
reduced nicotinamide adenine dinucleotide 
tetrazolium reductase stain (Fig 2, center 








. and right), as seen in | other cases of central - 


core disease." E 

The genealogy shows a probable auto- 
somal-dominant transmission o? muscle 
weakne s through four generations (Fig 3). 
The paternal great-great-grandfather had 
"muscle disease" and was in a wheelchair 
by the age of 30 years. The paternal great- 
grandfather lived to the age of 80 years 
without obvious muscle weakness. The 
paternal grandfather had "poliomyelitis." 
The grandfather's three sisters could not 
run properly during adolescence because of 
"muscle weakness." One has had nine 
surgical procedures. Her granddaughter is 
said to have a "slight case of muscular 
dystrophy." Another of those sisters is 
known to have had "several" operations. 
No anesthetic difficulty has been recorded 
in any of these family members through 
four generations. 


COMMENT 


Malignant hyperthermia is à clin- 
ical syndrome, apparently oceurring 
with various diseases. Even though it 
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singular etiology and hereditary pat- 
tern, the ultimate subcellular patho- 
genesis may have common features in 
many or all cases. In spite of a number 
of studies, the details of the pathogen- 
esis remain speculative.*32:4°-»! 

The common denominator is gener- 
ally thought to be an acute rise of Ca? 
in the aqueous sarcoplasm of the 
muscle fibers. Most investigators con- 
sider that the defect, or defects, 
resides mainly in the muscle sarco- 
plasmic reticulum (SR).'**»» A defect 
of the SR could cause impaired reup- 
take of calcium from, or uncontrolled 
release of calcium into, the aqueous 
sarcoplasm. 

A high calcium concentration in the 
aqueous sarcoplasm, from whatever 
cause, would have these known 
effects: (1) continued activation of 
myosin adenosine triphosphatase (lo- 
cated on the cross-bridges of the thick 
filaments) by inhibition of troponin 
on the thin filaments, resulting in 
myofibrillar and muscle fiber contrac- 
ture and consumption of adenosine 
triphosphate (ATP) (2) activation of 
phosphorylase kinase, leading to in- 
creased glycogenolysis, and (3) dimi- 
nution of ATP contributed by mito- 
chondria to the rest of the cell. This 
las ect occurs for two reasons: (1) 

"0 - by. mitochon con- 
and (2) mitochondria in 


the presence of high calcium preferen- 






tially take up Ca? by an ATP- 


requiring mechanism rather than syn- 
thesize ATP and that can occur after 
ATP is exhausted (in doing so, mito- 
chondria get energy from high-energy 
oxidative intermediates at the sacri- 
fice of ATP-formation), resulting in 
uncoupling of oxidative phosphoryla- 
tion.? The stimulated mitochondrial 
oxidative activity might produce heat 
so rapidly it could not be dissipated. 
The high ATP consumption by the 
contracting myofibrils and by the SR 
and mitochondria attempting to se- 
quester the Ca^: (the latter to their 
own 'detriment) and the lack of 
adequate ATP output from mitochon- 
dria would impair, or further impair, 
the ATP-requiring plasmalemmal 
barrier that. excludes Ca?* and other 
substances (eg, plasma proteins) that 
are in higher concentration extracellu- 


is not a unitary disease with a larly, as well-as the plasmalemmal 
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barrier that keeps inside the cell 
substances that are higher intracellu- 
larly (eg, K*, myoglobin, CPK, and 
other soluble muscle cell enzymes). 
The muscle fiber plasmalemma 
itself is, according to another hypothe- 
Sis, the site of the major defect 
leading to MH.* Normally, it main- 
tains a gradient of about 10,000 to 
20,000:1 Ca**:Ca,**, a function requir- 
ing membrane integrity and a contin- 
uous supply of ATP. Initial impair- 
ment of the plasmalemmal barrier 
function by the MH-provoking drug 
would cause an inpouring of Ca?* to 
the aqueous sarcoplasm and the 
results delineated above. This mecha- 
nism, plasmalemmal leakage caused 
by the provoking agent, especially 
succinylcholine or halothane in suscep- 
tible muscle fibers, is favored as 
primary by one of us.** Quite harmon- 
ious are the following: (1) Halothane- 
induction of contracture in human 
MH muscle in vitro is not possible 
when extracellular calcium (in the 
bath) is removed but returns again 
when calcium is readded.* (2) Pro- 
caine hydrochloride, a treatment for 
MH, not only reduces loss of Ca?* from 
the SR?'** but also stabilizes the 
plasmalemma* and antagonizes cal- 
cium influx. (Bupivacaine, another 
local MM C Lue muscle 


necrosis," pro ably by a toxieity to 







alemma.) (3) Dantrolene 


sodium, a treatment for MH, not only 


reduces loss of Ca** from the SR but, 
because it is a hydantoin, might also 
have a stabilizing effect on pathologic 
plasmalemma. It is known that di- 
phenylhydantoin hypérpolarizes and 
stabilizes the plasmalemma and in- 
creases the sodium gradient, which 
could increase calcium efflux, since 
that occurs by an exchange with 
extracellular sodium.* (4) Succinyl- 
choline in normal patients often 
causes detectable myoglobinemia. 
This toxic effect on the muscle fiber, 
presumably it plasmalemma, is seen 
in at least 20% of all pediatric 
patients, '^/*5*^* the age-group suscep- 
tible to MH, but not in adults. (5) A 
major increase of two times the total 
calcium concentration was found in 
the muscle biopsy specimen in a 
patient four days after a MH 
episode." 
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A few investigators favor the mito- 
chondria‘ as the primary site of the 
defect. 

At least in some MH patients, the 
abnormality may not be confined to 
muscle cells because Denborough et 
al reported that a few have plasma 
insulin levels 1% to 2% times higher 
than normal after a glucose load (as 
has been reported in ataxia telangiec- 
tasia® and myotonic atrophy”), sug- 
gesting a possible coexistent plasma- 
lemmal membrane abnormality in the 
beta cells of the pancreas. The possible 
liver cell susceptibility could also be 
plasmalemmal. 

Central core disease is now known 
to have been associated with malig- 
nant hyperthermia in at least four 
families, the one presented here, one 
reported by Denborough et al** and 
Moulds,” one described by Isaacs and 
Barlow,? and another one we have 
seen (W. K. Engel, MD, unpublished 
data, Nov 1976). The last was one of 
two siblings having congenital hip 
dislocations, with histochemically clas- 
sie central core disease in their muscle 
biopsy specimens and their kyphoscol- 
iotic father’s specimens.” Their serum 
CPK levels were not elevated. The 5- 
year-old boy had, during a minor 
surgical procedure, a nonfatal episode 
of MH. attributed by his surgeon to 
succinylcholine. Perhaps some othe 
MH patients who have had vario 
"musculoskeletal" abnormalities, eg, 
subluxated hips, kyphoscoliosis, or 
dislocating patellas** also had unde- 
tected underlying central core disease. 
In addition, at some theoretical risk to 
develop MH may be those patients 
with the benign congenital hypotonia 
syndrome who have marked type I 
muscle fiber predominance and have 
thereby been compared to central core 
disease." . 

Most, patients with malignant hy- 
perthermia probably do not have 
central ecre disease, nor do all central 
core disease patients have MH. In 
addition to some members of this 
family, we know that several person- 
ally studied cases of. central core 
disease have undergone general anes- 
thesia without apparent incident (W. 
K. Engel, MD, unpublished obser- 
vations, Nov 1976). But it must be 
remembered that MH does not neces- 
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sarily develop with every general 
anesthesia. Of the patients of various 
types who have had MH, about 23% 
had one or more previously uneventful 
exposures to a general anesthetic.’ 
Nevertheless, the association in at 
least four families of two rare condi- 
tions, central core disease and malig- 
nant hyperthermie response, has led 
us to suggest that all central core 
disease patients may be at unusual 
risk for malignant hyperthermia, and 
appropriate precautions seem indi- 
cated. Central core disease patients 
usually do not have CPK level eleva- 
tions. However, those with elevated 
serum CPK levels perhaps are to be 
especially suspected as at risk for 
MH. 

To avoid an attack of MH, the clini- 
cian must be alert to its possible asso- 
ciation with an underlying neuromus- 
eular disorder. A number of the 
patients who have had MH have had 
one or several of the following mani- 
festations: unusual muscle hypertro- 
phy, ptosis, ophthalmoplegia or stra- 
bismus, significant malocclusion of 
the teeth, pectus deformities, kyphos- 
coliosis, limb-girdle muscle weakness, 
dislocation or subluxation of the hips, 
a dislocating patella, or malali ent 

detse In mo : S 















neuromuscular disease causing these 


S —— elinical manifestations. In patients 


with such defects, the possibility of 
MH developing should be considered. 

In addition to the assorted clinical 
findings of various patients in whom 
MH developed, three neuromuscular 
disorders/syndromes may be especial- 
ly associated: central core disease, a 
multifaceted syndrome of boys with 
eryptorchidism and a chronic hyper- 
trophic-atrophic myopathy. In four 
boys between 10 to 13 years of age in 
whom MH developed, which was fatal 
in three, King and Denborough** have 
called attention to certain strikingly 
similar features. The boys were small, 
with thoracic kyphosis, lumbar lordo- 
sis, pectus carinatum, hypognathia, 
low-set ears, webbed necks, antimon- 
goloid siant of the eyes, parascapular 
weakness, cryptorchidism, and de- 
layed motor milestones. Hunter and 
Pinsky? thought these boys. repre- 
sented Noonan's syndrome (XX-XY 


1 'Specifie diagnosis of underlying | 


Turner phenotype), and they studied 
CPK levels in 27 children with definite 
Noonan's syndrome. Only one had an 
elevated serum CPK level, and on 
biopsy, he had only some type II 
muscle fiber atrophy; this child had 
had four uneventful general anesthet- 
ies with provocative agents. Thus, 
typical Noonan’s syndrome patients 
do not seem predisposed to MH, but 
patients like those of King and 
Denborough are. Some MH patients 
have had an otherwise benign, domi- 
nantly inherited myopathy character- 
ized by clinically hypertrophied mus- 
cles through early adulthood that 
become atrophic, sometimes irregu- 
larly and assymetrically, with mid- or 
later-age.'***°6°s The anterior thighs 
can appear lumpy, with wasting 
distally and lumpy hypertrophy re- 
maining proximally.^ The patients 
had some small potentials on their 
EMGs but no myotonia. They had 
nondiagnostie changes in the muscle 
biopsy, and slightly or moderately 
elevated serum CPK levels. 

Of special interest is whether MH 
develops in patients with myotonia 
congenita or myotonic atrophy. It is 
not established that they do. A few 
case reports have suggested an asso- 


iation. of myotonia congentia with 
—MB, but Th Sits the diagnosis of 


myotonia congenita was improbable.'^ 
In another, there was rigidity for 15 
minutes, without major hy perthermia. 
Axillary temperature rose to 38 C and 
was controlled with 80 mEq of 
NaHCO, and 25 mg of chlorproma- 
zine.” A nonmalignant rigidity in 
myotonic muscle after treatment with 
depolarizing agents such as succinyl- 
choline is known.'?^?' The succinylcho- 
line-induced rigidity lasts seconds in 
normal patients, minutes in myotonie 
patients, and hours in patients with 
MH. A number of patients with 
myotonia congenita or myotonic atro- 
phy have had uneventful general 
anesthesia.^ Muscles from six pa- 
tients with muscle disease but without 
MH-three with myotonia atrophica 
(dystrophica), two with myotonia con- 
genita, and one with hypokalemic 
periodic paralysis- were all negative 
for contracture when provoked in 
vitro. by succinyleholine and halo- 
thane." 
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Patients with neuromuscular dis- 
eases characterized by abnormal mito- 
chondria in muscle fibers ("ragged- 
red fibers”), >° have not been re- 
ported as having MH. Because the 
histochemical diagnosis can be over- 
looked and the patients do have ptosis 
and ophthalmoplegias, it would seem 
that they deserve a certain amount of 
extra caution, at least a very careful 
family history for MH and close moni- 
toring during anesthesia. A 60-minute 
apnea after one dose of succinyl- 
choline was recorded by Lessell et al’ 
in a patient who had progressive 
external ophthalmoplegia with abnor- 
mal mitochondria in extraocular and 
limb muscle fibers, ie, "ragged-red 
fibers," normal total plasma cholines- 
terase, and no evidence of myasthenia 
gravis. This patient was discussed in 
comparison to a previous one? who 
had an abnormal band-placement of 
plasma cholinesterase activity but 
normal total activity in vitro. A second 
patient like the one of Lessell et al is 
known (W. K. Engel, MD, unpublished 
data, Nov 1976). 

We consider that all patients in 
whom MH develops have a predis- 
posing abnormality of muscle, but 
certainly MH does not develop in all 
E with a neuron b> di 





^e E 
has bean noted to have MH. For exam- 
ple, patients with classic peripheral 
neuropathies of various types, amyo- 
trophic lateral sclerosis, infantile and 
juvenile spinal muscular atrophies, 
myasthenia gravis, various periodic 
paralyses, myotonic atrophy, derma- 
tomyositis/polymyositis, Duchenne’s 
muscular dystrophy, and fascioscapu- 
lohumeral myopathy or neuropathy, 
have not yet been reported as having 
MH, even though numerous patients 
in these groups have genera! anes- 
thesia for orthopedic procedures, thy- 
mectomy, cancer removal, or tracheot- 
omy. 

Some, but not all, patients predis- 
posed to display MH have persistently 
elevated serum CPK levels. But of the 
patients with elevated CPK levels 
associated with neuromuscular disor- 
ders, MH develops only in a rare case. 
For example, numerous patients with 
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Duchenne’s muscular dystrophy or the 
dermatomyositis/polymyositis com- 
plex with high serum CPK levels, have 
had general anesthesia without dis- 
playing MH. It is not possible to antic- 
ipate which patient with a neuromus- 
cular or “musculoskeletal” abnormali- 
ty will display MH during a general 
anesthesia. Generally speaking, the 
more typical the clinicopathologic en- 
tity, except for central core disease, 
the less likelihood of MH developing. 
The CPK elevations, sometimes con- 
sidered of possible use in screening 
suspect patients,» are certainly 
not of absolute predictive value. In 
relatives of patients known to have 
displayed MH, though, an elevated 
CPK level is reason for con- 
cern.?^??5.32? 

Some investigators have suggested 
that in suspected persons, confirma- 
tory evidence can come from in 
vitro testing of muscles for ab- 
normal susceptibility to  contrac- 
ture.^* 77" 7. *7**" Agents said to cause 
excessive contracture of MH patients' 
biopsied muscle specimens in vitro 
include caffeine with or without halo- 
thane, and halothane and succinyl- 
choline alone or in combina- 
tion.?::2»-30.32. 42.79.80 Malignant hy- 














said to be reduction of the uptake of 
calcium into sarcoplasmic reticulum 
fractions.®- However, these two 
types of in vitro assays are not posi- 
tive in every MH patient, and some 
investigators have been unable to 
confirm them." Furthermore, the 
tests are done only in a few centers. 

A history of any hyperthermic or 
rigid response to a previous anes- 
thesia in the patient or a relative must 
alert the physician, as should certain 
concomitant neuromuscular or "mus- 
culoskeletal" abnormalities and/or el- 
evated serum CPK levels in certain 
circumstances. Potential or definite 
MH patients requiring surgery should 
have local or regional block if possible. 
Lidocaine is not to be used,* but 
procaine is safe. If a general anes- 
thetic is necessary, ‘a combination of 
nitrous-oxide-oxygen with barbitu- 
rate, narcotic, or neurolepetic drugs 


of Wee. cole MH lins a 





has been considered safe,'^^5»9* as 
has ketamine hydrochloride by some.“ 
Possibly d-tubocurarine chloride is 
fairly safe,” although this is disputed 
by others.^ Prophylaxis with oral 
dantrolene sodium may be considered 
based on the marked effectiveness of 
intravenous dantrolene (not yet avail- 
able for humans) in the very simi- 
lar malignant hyperthermia/rigidity 
syndrome of pigs.' 

The treatment of MH is predicated 
on anticipation and early recognition. 
The first manifestation of MH may be 
rigidity of the  masseters, which 
prevents intubation. A body tempera- 
ture rise at the rate of 2 C in an hour 
or more than 39 C during anesthesia 
or directly after strongly suggests the 
development of MH." Tachypnea, 
tachycardia, hot soda-lime canister, 
and cyanosis or flushing are also early 
signs.” If MH is considered present or 
probably present, all anesthetic treat- 
ment must be discontinued, and the 
use of 10076 oxygen by endotracheal 
tube is recommended. Some have said 
that a rise above 37.8 C calls for an 
urgent discontinuance of the anes- 
thetic^—it certainly demands close 
attention. When MH is diagnosed, 
surgery must be terminated as rapidly 
as possible (and, if feasible, during 


that proces ^mt le sampl le is 
a sts histochemistry ). 


. Bo dy cooling i is initiated with the use. 


of a cooling blanket, surface icepacks 
and iced solutions administered intra- 
venously and by gastric, rectal, blad- 
der, or wound gavage. Arterial blood 
gases must be monitored. Metabolic 
acidosis is corrected with sodium 
bicarbonate. The early hyperkalemia 
(probably from muscle leaking) is 
controlled by insulin and glucose 
(which also provides more glucose to 
muscle cells and perhaps benefits the 
myocardial depression), but a later- 
developing hypokalemia must be 
watched for. The hypocalcemia (pos- 
sibly from influx into muscle) may 
require calcium gluconate.'* Cortico- 
steroids may ‘help prevent cerebral 
edema and provide possible? but 
unproved help to lower the hyperther- 
mia. The use of procaine or procain- 
amide (but not lidocaine)'*** is advo- 
cated to reverse the pem con- 
tracture of the müscles?' **»***: some 
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consider it important to correct the 
acidosis before using these agents.” 
Furosemide has been recommended to 
prevent hypernatremia from the large 
amounts of sodium bicarbonate and to 
flush myoglobin from the renal 
tubules.*° Lidocaine and cardiac gly- 
cosides are considered by some to be 
contraindicated during MH crisis be- 
cause they can promote loss of calcium 
from the SR*; however, in certain 
studies, procaine had the same effect, 
on a molar basis, as lidocaine in inhib- 
iting SR uptake of calcium.” Britt, 
Gordon, and Kalow^" emphasized 
that the surviving patients were those 
in whom the syndrome was recognized 
and therapy instituted within 10 to 15 
minutes of anesthetic induction. How- 
ever, other patients, including ours, 
have also survived without sequelae. 
Core body temperature over 42 C for a 
period of time implies a grave progno- 
sis, while there is said to be 100% 
survival if the temperature does not 
go over 39 C.* Death appears to be 
from myocardial failure or cardiac 
arrhythmia. Surviving patients must 
be observed carefully for the imme- 
diate sequelae of MH, eg, bleeding 
diathesis from disseminated intravas- 
cular coagulation and consumptive 
coagulopathy, renal shutdown, cardiac 
complications, | 1 brain damage. m 

Studies in edis models may helt 






clarify the pathogenesis and t treat — 
Certain 


ment of this syndrome. 
strains of Poland-China and Landrace 
pigs, when excited or given succinyl- 
choline or halothane anesthesia, dis- 
play an. acute fatal hyperthermia- 
rigidity syndrome very similar to 
human MH. (The pig model, though, 
may not be completely identical to 
human MH). Intravenous procaine 
prevents full development of the 
syndrome in vivo??? and in vitro.'^? In 
vitro, dantrolene sodium has imparted 
signifieant protection against halo- 
thane-induced contracture in biopsied 
muscle fibers of MH-susceptible 
pigs" and even reversed existing 
halothane-induced contracture. Pre- 
loading with oral dantrolene sodium (5 
mg/kg) has completely prevented MH 


in highly susceptible Landrace pigs 


(G. G. Harrison, personal communica- 
tion, Nov 1976), an effect also shown 
with intravenous preloading.*^ Dan- 
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trolene is considered to lessen the 
release of calcium from the SR.*°*'° 
Whether this is its only effect on 
muscle is not known-it is a hydantoin 
and conceivably could have an effect 
on the plasmalemma as other hydan- 
toins do. In normal dogs and rats, a 
hyperthermic syndrome can be in- 
duced by 2,4-dinitrophenol, with or 
without halothane.^'*'^'.!^* 

The muscle fiber in human and 
porcine MH syndrome is abnormal in 
its propensity to develop rigidity and 
hyperthermogenesis with certain 
provocations, since a limb of a MH 
patient from which the provocative 
drugs are excluded by tourniquet does 
not display MH or rigidity’’* and 
halothane perfusion of an isolated 
muscle of a MH pig does. However, it 
is not clear whether that propensity is 
the result of primary defects of the 
muscle cell or, at least in some, of 
chronic muscle cell changes conse- 
quent to faulty neural influence. 
Perhaps certain myopathies and cer- 
tain neuropathies can produce muscle- 
fiber susceptibility to MH. In one 
patient, clinical and muscle biopsy 
studies disclosed what were consid- 
ered central, “perhaps brain stem,” 
and peripheral nervous sypien nor- 
well as mal my ic 





tur "were degenerating and regener- 

ng intramuscular nerve fibers, in- 
Beased endplates, and axonal sprout- 
ing in muscles.‘ On the basis of histo- 
pathologic findings in muscle, others 
have also raised the question of a 
basically neurogenic defect in at least 
some of the patients with neuromus- 
cular diseases associated with MH*— 
however, the small group of fibers 
they interpreted as “denervated” is 
more correctly considered regener- 
ating fibers, and type-grouping was 
not evident in their pictures (W. K. 
Engel, MD, unpublished data, Nov 
1976). Study of nerve and muscle 
biopsy specimens from relatives of 
MH patients prompted another group 
also to suggest an underlying neuro- 
genie disorder. However, predisposi- 
tion to MH would be a rare effect of 
altered innervation on muscle fibers 
because no patients with ordinary 
denervating diseases have been re- 
ported to display MH. 


1 


A neuropathic mechanism has been 
proposed to underlie central core 
disease." The possible ultimate neuro- 
genicity of the MH reaction in the 
present patient and other central core 
disease patients therefore arises. Sur- 
prisingly, halothane-provoked MH in 
susceptible pigs has been completely 
blocked by prior epidural anesthesia 
using lidocaine, but only in limbs 
innervated by the blocked nerves— 
unblocked limbs had the usual rigidi- 
ty. That study seems to indicate the 
necessity for intact neural pathways 
between the spinal cord and skeletal 
muscle to allow porcine MH to be 
induced. Transection of the spinal 
cord alone still allowed the porcine 
MH to develop but at a delayed rate. 
One must distinguish, though, be- 
tween, (1) neural discharge playing a 
causative role acutely during the 
rigidity, as it may be doing, at least 
partially, in the porcine syndrome, 
and (2) a previous or chronic atypical 
neurogenic defect altering structure 
or metabolism of the muscle fibers so 
as to predispose them to react abnor- 
mally to the pharmacologic agents 
that produce the MH attack. The 
latter pathogenesis might be occur- 
ring in central core patients in whom 
MH velops. 

ough the eel ellular response re- 
iting in MH AA is. considered to be 
primarily in the muscle cells, the 
possibility of an additive factor of 
liver cell malfunetion has been raised 
in regard to temperature elevation 
and hyperlacticemia of halothane- 
provoked MH of patients and 
pigs 106 

The subcellular basis for the predis- 
position to a hyperthermia-rigidity 
response in central core disease (CCD) 
muscle fibers is not known. Most CCD 
biopsy specimens show a marked or 
virtually total type II fiber paucity (ie, 
type I fiber predominance). That 
could account for the one-third less 
efficient Ca?* uptake into isolated SR 
fractions of CCD muscle, compared 
with normal human mixed muscle,* 
because SR of normal animal type I 
fiber muscle, like immature muscle, 
takes up Ca? much less efficiently 
than type II fiber muscle." Type I 
fiber predominance in itself would not 
explain the pathologie contracture 
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response of CCD muscle fibers in vivo. 
(A pathologic response of CCD muscle 
in vitro to halothane was found in one 
study," but there was no response to 
caffeine, halothane, or succinylcholine 
in another study.**) Possibly an abnor- 
mal susceptibility of the plasma- 
lemma in CCD may be the essential 
factor predisposing to MH. 


Nonproprietary Names and 
Trademarks of Drugs 


Bupivacaine—Marcaine. 

Chlorpromazine—Chlor-PZ, Cromedazine, 
Promachel, Thorazine. 

Dantrolene sodium—Dantrium. 
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The Syndrome of 


‘Continuous Muscle Fiber Activity’ 


Jürg Lütschg, MD; Felix Jerusalem, MD; Hans P. Ludin, MD; Franco Vassella, MD; Marco Mumenthaler, MD 


* A 7-year-old boy who suffered from 
increasing stiffness and contractures of 
the extremities had distally pronounced 
atrophy and absent tendon reflexes. Elec- 
tromyography showed continuous elec- 
trical activity during rest, sleep, after intra- 
venous injection of diazepam, and after 
peripheral nerve block. The H reflex was 
elicitable; the silent period after the reflex 
was absent. Histopathological examina- 
tion of the peroneus muscle disclosed a 
marked preponderance of type ! fibers 
and slight atrophy of the type I! fibers. 
Electron microscopic examination of the 
endplates demonstrated a marked atro- 
phy of the postsynaptic regions and 
widened synaptic clefts. After one year's 
treatment with phenytoin, 200 mg daily, 
the patient showed an almost normal 
muscle tone. 

As not all of these electrophysiological 
phenomena can be fully explained by 
disturbances of the nerve terminals or the 
endplates, a further anomaly proximal 
from the peripheral nerve block seems to 
have been present. 

(Arch Neurol 35:198-205, 1978) 
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Dl 1961 and 1967, three patients with 
a syndrome of generalized muscle 
stiffness and fasciculations were de- 
scribed by Isaacs.'? Electromyograph- 
ic examination of the fully relaxed 
patients disclosed continuous dis- 


charges of motor units. Since then, a 


"number of other typical cases \have 


been reported by several authors." 


Neurological disorders with persist- difficulty in walking and in performing 


ent motor unit discharges at rest were 
subdivided into four groups: (1) the 
syndrome of continuous muscle fiber 
activity"? or neuromyotonia'*; (2) the 
stiff man syndrome"; (3) the Schwartz 
Jampel syndrome"; and (4) alcohol- 
induced muscle spasms.? 

The clinical, electromyographic 
(EMG), and histological findings in a 
boy with persistent motor neuron 
discharges are presented in this 
report. The case resembles de- 
scriptions of similar patients in the 
literature, but we found that the spon- 
taneous EMG activity was radically 
reduced following a local anesthetic 
block of the ulnar nerve at the elbow 
when recording from the abductor 
digiti quinti. 

REPORT OF A CASE 


The patient was born in 1966, the single 
child of unrelated Italian parents. There is 


no history of neuromuscular disease in the 
family. 

Health and psychomotor development 
were normal until 1971, when he noticed 
stiffness of the forearms and the legs, 
combined with paresthesias of the hands. 
During the following months he slowly 
developed a progressive fixation of his 
hands in a flexed position and of his feet in 
supination: The patient had increasing 


fine movements with his hands. His gait 
improved without any therapy in April 
1973. But in May 1973, the calf and the 
forearm muscles felt hard and painful 
cramps developed. The muscular stiffness 
gradually progressed during the next year, 
severely hindering gait and manual dex- 
terity. The stiffness and the muscle cramps 
were not influenced by change of temper- 
ature or by exercise. 

The patient was first admitted to the 
Children’s University Hospital of Berne in 
September 1973. Physical examination of 
this intelligent boy gave normal findings 
with the exception of the neuromuscular 
system. The neurological examination dis- 
closed moderate, distally pronounced mus- 
cle atrophy of all four extremities. When 
standing, the boy was bent forward and 
visibly stiff in all muscle groups. His hands 
were fixed in a flexed position, especially 
on the left, and his feet were fixed in 
equinovarus position. Movements of distal 
joints were slowly and stiffly performed. 
When attempting to walk he moved with 
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Fig 2.—EMG from musculus abductor digiti 
quinti at rest and after blocking nervus 
ulnaris at elbow with Scandicain 


. |t00 uV 


10 msec 


Fig 3.—EMG recordings at rest: from 
musculus biceps: triplets (left) and multi- 
plets (right). 


ac ee | 
200 msec 


Fig 4.—H reflex. 1 indicates M response. 2, 
H response. Continuous muscle activity is 
not interrupted (absent silent period). 


Wt ^ ^ ^v sec (Fig 3). Neither the insertion nor the 


and ¢reatine phosphokinase. Serum anti- 
dies against tetanus were not detectable. 


- The total serum protein concentration was 


Fig 1.—EMG recordings at rest from 
musculus biceps. Top to bottom, before 
treatment, during sleep, after administra- 
tion of phenytoin, 100 mg intravenously, 
after administration of diazepam, 3 mg 
intravenously, and after two months’ treat- 
ment with phenytoin, 200 mg/day. 


much effort and with an exaggerated 
swinging of his arms. The appearance of 
his movements was sometimes very diffi- 
cult to differentiate from that of an extra- 
pyramidal disorder. 

Muscle tone was considerably increased, 
especially in the forearms. The tendon 
reflexes were not elicitable, but the patient 
could not completely relax. There were no 
fasciculations and all modalities of sensa- 
tion were normal. Increased sweating was 
not observed. Chvostek's and Trousseau's 
signs were absent. The following labora- 
tory values were normal at admission: 
complete blood cell count, urinalysis, serum 
sodium and potassium, calcium, magne- 
sium, phosphorus, alkaline phosphatase, 
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7.73 gm/100 ml; albumin, 4.4 gm/100 ml. 
The spinal fluid was clear; mononuclear 
cells, 3/cu mm, the protein level was 33 
mg/100 ml, and the glucose level 54 mg/100 
ml The EEG was within normal range 
with rhythmic 8- to 9-Hz activity posteri- 
orly and some irregular 4- to 7-Hz theta 
activity anteriorly. 


Electromyographic Examination 


For the electromyographic recordings, a 
three-channel electromyograph was used. 
The recording electrodes were conven- 
tional concentric electrodes with an outer 
diameter of 0.45 mm. 

At rest, continuous irregular discharges 
of several action potentials that could not 
be differentiated, morphologically from 
motor unit potentials were recorded in the 
musculus tibialis anterior, the musculus 
bieeps, and the musculus abductor digiti 
quinti. In a few instances, these potentials 
looked like duplets, triplets, or multiplets 
composed of short potentials firing in 
irregular trains with frequencies up to 200/ 


movement of the needle nor percussion of 
the muscle produced a myotonic response. 
No fibrillation potentials or positive sharp 
waves could be detected. With voluntary 
effort, slightly more potentials could be 
recorded. It was not possible at the time to 
determine mean potential duration be- 
cause spontaneous and voluntary activity 
could not be discriminated reliably. 

The EMG recordings of. the sleeping 
patient gave the same continuous electrical 
activity; no diminution of the discharges 
eould be observed. Similarly, the intrave- 
nous administration of diazepam, 3 mg, or 
phenytoin, 100 mg, did not influence the 
spontaneous discharges (Fig 1). Electro- 
myography of the musculus abductor digiti 
quinti showed a striking reduction but not 
a complete disappearance of the electrical 
activity ten minutes after blocking the 
ulnar nerve with mepivacaine hydrochlo- 
ride 2% (Scandicain [Germany ]; Carbocaine 
Hydrochloride, comparable US product) at 
the elbow (Fig 2). The efficacy of the block 
was tested by stimulating the ulnar nerve 
proximal to the block with surface elec- 
trodes; no electrical response was elicitable 
in the muscle. All distal sensory and motor 
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Fig 5.—Top, Preponderance of type | fibers 
(pale) (a-glycerophosphate dehydr 


ase, x200). Center, Preponderance.of ^ appeari 
ype | fibers (dark) (myoni rillar ATPase, 


pH 4.35, x400). Bottom, Small group of 
atrophic fibers indicating neurogenic atro- 
phy (a-glycerophosphate dehydrogenase, 
x 460). d 


functions were clinically absent after the 
block with mepivacaine. 


H Reflex Studies 


The H reflex was elicited by applying 
electrical square-wave pulses of 0.2 msec 
induration and varying intensity with a 
surface electrode to the tibial nerve; the H 
and M responses were recorded from the 
soleus muscle.” Surprisingly, the H reflex 
could be recorded although tendon jerks 
were absent. The maximal H response was 
2 mV and th maximal M response 3 mV. 
The normally observable inhibition of the 
EMG activity after the H Reflex—the 
silent period—could not be elicited (Fig 4). 


Follow-up Studies 


Following treatment with phenytoin, 200 
mg daily, for two months, there was a 
marked improvement in the muscle stiff- 
ness. The patient was able to walk again 
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Fig 6.—Histogram of muscle fiber diameters of two randomly selected areas of musculus 
peroneus brevis. x indicates mean diameter + SE; N, number of fibers. 
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Fig 7.—Left, Cross section demonstrating small group of atrophic fibers indicating 
neuro jenic atrophy (hematoxylin-eosin, x 400). Right, Muscle spindle with normal- 









freely. Resistance to passive movements 


was notably decreased. The tendon jerks 
were weakly elicitable. The EMG record- 
ings of the biceps muscle in November 1973 
showed a pronounced diminution in the 
spontaneous discharges. The activity con- 
sisted of potentials similar to normal motor 
unit potentia!s. 

The patient showed an almost normal 
muscle tone one year after the beginning 
of the phenytoin therapy. His left hand 
was still moderately fixed in a flexed posi- 
tion. The gait was normal and all tendon 
jerks were normally elicitable, but an 
increase in muscle mass could not be 
observed. On the other hand there was no 
progression of muscle atrophy. The boy 
showed a discrete nystagmus and an inten- 
tion tremor, which were interpreted as 
early symptoms of phenytoin intoxication 
(phenytoin -plasma level, 20 ug/ml). The 
spontaneous electrical discharges at rest 
had completely disappeared. The motor 
unit potentials recorded with slight volun- 
tary innervation had normal duration and 
amplitude, and no polyphasic potentials 


hematoxylin-eosin, x 240) 


ino. 
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l be detected. At maximal voluntary 
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wa 


effort, a normal interference pattern was 
recorded. The mother interrupted the 
phenytoin therapy for four weeks. During 
this period the muscle stiffness reap- 
peared, but two to three weeks after rein- 
stituting phenytoin therapy the muscle 


tone was again almost normal. 


Histopathological Observations 


A biopsy specimen of the left peroneus 
brevis muscle was obtained in November 
1973, one month after beginning phenytoin 
therapy. A portion of tissue was embedded 
in paraffin. Motor endplates were located 
for electron microscopy according to the 
procedure described by Engel? Muscle 
specimens for phase-optic and electron 
microscopy and histochemistry were pro- 
cessed by previously used techniques.” 
Frozen sections were treated for the 
demonstration of nicotinamide adenine 
dinucleotide dehydrogenase, succinic dehy- 
drogenase, myofibrillar adenosine triphos- 
phatase (ATPase), a-glycerophosphate de- 
hydrogenase, phosphorylase, acid phospha- 
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Fig 9.—Five regions of four endplates in neuromyotonia. Junctional folds are atrophic 
(asterisks) and synaptic clefts are widened. Presynaptic membrane (arrowheads) are 
partially covered by Schwann cell process (arrow). Nerve terminals appear normal (T); 
mitochondria are abundant (top, this page, x14,600; top and bottom, opposite page, 
x 23,730; bottom, this page, x 36,000). mr 
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*N indicates number of fibers analyzed. 


tase and stained with hematoxylin-eosin, 
PAS, the modified Gomori’s trichrome 
methods, and oil red O. Six transversely 
embedded blocks were taken at random 
and thin sectioned for electron microscopy 
and morphometric analysis as described by 
Stonnington and Engel.” In addition, five 
longitudinally embedded blocks were thin 
sectioned for electron microscopy and 
studied by simple inspection. 
Histochemistry and Paraffin Sections.— 
The ATPase-treated sections and the 
sections processed for the demonstration 
of oxidative enzymes in the peroneus 
muscle showed a marked preponderance of 
type I fibers and a slight atrophy of the 
type II fibers (Fig 5, top and center, and 
Fig 6). Some of the type I fibers were 
hypertrophic with fiber diameters up to 60 
u. Only two groups of atrophic muscle 
fibers indicating neurogenic atrophy were 
present (Fig 5, bottom, and Fig 7, left). The 
nuclei were in the subsarcolemmal position 
and there were no degenerative or inflam- 


matory changes. The connective tissue, 


blood vessels, intramusetlar n: 
muscle spindle (Fig 7, right) appeared 
normal. Target fibers were not observed. 
Phase-optic and E n Microscopy.—No 
structural abnormalities were demon- 
strated with the phase-optic and electron 
microscope (Fig 8). In cross-section mor- 
phometric analysis of the mitochondrial 
areas, the mean mitochondrial size and the 
sarcotubular profile concentration did not 
show any significant abnormalities in 
comparison to those of controls (Table). 
Five peroneus brevis endplates dem- 
onstrated a marked atrophy of the postsyn- 
aptic regions and widened synaptic clefts 
(Fig 9). The overlying nerve terminals 
showed abundant mitochondria. The swoll- 
en mitochondria of the endplates presum- 
ably represents a preparatory artefact. On 
three occasions the synaptic cleft was 
observed to be partially covered by a 
Schwann cell process (Fig 9, top left and 
bottom right). No degenerative changes of 
the nerve terminals or of the few intramus- 
cular myelinated axons were observed. 


COMMENT 


Our patient is another example of 
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Morphometric Analysis of Transversely Oriented Muscle Fibers (Mean + SE) 





The spontaneous persistent dis- 
charges disappear after injection of 













ic NM suecinyleholine chloride and alcuron- 
ng rofile . : à i 
Mitochondria Mitochondrion Concentration, pe chloride (Alloferin [Germany I 

per Fiber Area Size, sq um Sq um /cu um Toxiferine, comparable US  prod- 
Controls" (N — 59*) 3.97 + 0.35 0.11 + 0.011 1.92 + 0.053 uct). This excludes a muscular 
Present case (N — 6) 5.60 + 0.84 0.09 + 0.11 2.08 + 0.17 origin of the discharges as in myo- 






tonic patients.'*"’ The elicitable H 
reflex with the simultaneous absence 
of tendon jerks could be explained by 
a dysfunction of the muscle spindle. It 
is not, however, proof of this hypoth- 
esis because it is very difficult to 
discern to what extent the absence of 
tendon jerks can be interpreted as 
true areflexia and to what extent they 
are a result of increased muscle 
tension. The latter assumption is 
supported by the reappearance of the 
tendon reflexes after diminution of 
muscle tone by phenytoin therapy. In 
contrast to Mertens and Ricker,” we 
did not observe a silent period after 
the H reflex. 

The persistence of muscular stiff- 
ness and electrical discharges after 
injection of diazepam and following 
general and spinal anesthesia in 
cases of continuous muscle fiber activ- 
ity render a dysfunction of the central 
nervous system as its only cause 
affected. The muscle stiffness may rather gases However, the re- 
lead to, gait um CM some duction of taneous discharges 

cases to progressive deformities of after blocking / the Ulnar nerve can 
hardly be explained by a lesion exclu- 
im sively located peripherally to the 
blockade. Isaacs? and Wallis et al" 
postulated an aggravating effect of 
voluntary movement that is sup- 
pressed by the blockade. In our case, 
however, the diminution of sponta- 
neous activity seems to be too marked 
for this hypothesis. The persistence of 
spontaneous activity during sleep or 
during general and spinal anesthesia 
is further evidence against this theo- 
ry. The main lesion seems to be 
located in the periphery, but the ques- 
tion of a second, central lesion has to 
be considered. 

Isaacs' demonstrated an abnormal 
sensitivity to the blocking action of 
curare; he supposed that there exists 
an associated defect in the postsy- 
naptic membrane. Our electron micro- 
scopic studies of fiber endplates dem- 
onstrated an alteration of the postsy- 
naptic area. This observation is in 
accordance with the light microscopic 


the syndrome of continuous muscle 
fiber activity. Twenty-one typical 
cases have been reported during the 
past few years.'!*?* 

The etiology of the disease is 
unclear; there is no evidence of an 
inherited disorder in any of the cases. 
The age at onset of the first symp- 
toms varied from the newborn period 
to an age of 53 years. In 80% of the 
patients the disorder began between 
15 and 25 years of age. Males were 
more frequently affected than fe- 
males (16 males, six females) The 
main symptoms in the reported cases 
are muscle stiffness and cramps with 
impaired relaxation after contraction 
and transient improvement by re- 
peated contraction. The cramps in- 
volve primarily the extremities; the 
axial muscles are less frequently 








feet and hands. Spasms of the l; 
were described in one patient. S 
enty-five percent of the patients show 
myokymia or fasciculation. Hyperhi- 
drosis has been observed in 50% and 
atrophy of the distal limb muscles in 
25% of the cases'^"^* including our 
case. In the majority of cases the 
muscular stiffness improved after 
treatment with phenytoin. The bene- 
ficial effect of phenytoin can be partly 
explained by stabilization of the 
motor nerve terminal membrane by 
the drug.^* A spontaneous gradual 
resolution may occur over a period of 
several years.” A similar muscle stiff- 
ness can be seen in patients with the 
Schwartz Jampel syndrome. More- 
over, in addition to the muscular 
symptoms, dwarfism, ocular, facial, 
and skeletal anomalies, and blepharo- 
phimosis are present and the muscles 
are hypertrophic in most cases.'? The 
pathophysiology of continuous muscle 
fiber activity is at present not clear. 
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histochemical findings of Mertens and 
Zschokke," who described an atrophy 
of the subneural apparatus in one of 
their three cases. Concerning this 
aspect it is interesting that our 
morphometric data of the muscle 
fibers did not show any significant 
change in the mitochondrial area, the 
mean mitochondrial size, or the sarco- 
tubular profile concentration. The 
question arises whether the postsy- 
naptic atrophy is due to a neuronal or 
a muscular influence. 

The biopsy specimens of our case 
showed a preponderance of type I 
fibers and two small areas of grouped 
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atrophy, whereas the control biopsy 
specimens demonstrated a normal 
checkerboard pattern of fiber types. A 
type I preponderance was also demon- 
strated by Black et al‘ and Scarlato et 
al.*! This fiber-type abnormality may 
be due to a disturbed motor neuron 
innervation during embryogenesis, 
abnormal suprasegmental neural in- 
fluence, 
type II motor neurons, or a disturbed 
firing rate of the lower motor 
neurons, which can induce fiber-type 
transformation as shown experimen- 
tally by Cotter et al.” 

The reported synaptic alteration is 


References 


maladie des fasciculations. Rev Newrol 120:430- 
432, 1969. 

14. Mertens HG, Zschokke S: Neuromyotonie. 
Klin Wochenschr 43:917-925, 1965. 

15. Sigwald J, Raverdy P, Fardeau M, et al: 
Pseudomyotonie, forme particuliére d’hypertonie 
musculaire à predominance distale. Rev Neurol 
115:1003-1014, 1966. 

16. Sigwald J, Guilleminault C: Syndromes de 
contracture permanente. Rev Neurol 124:191-212, 
1971. 

17. Wallis EW, Van Poznak A, Plum F: Gener- 
alized muscular stiffness, fasciculations and 
myokymias of peripheral nerve origin. Arch 
Neurol 25:430-439, 1970. 

18. Moersch FP, Woltman HW: Progressive 
fluctuating muscular rigidity and spasm (stiff 
man syndrome). Proc Mayo Clin 31:421-427, 
1956. 












ylor RG , Layzer I Davis HS, et al: 
uous muscle fibre activity in the Schwartz 
jel syndrome. Electroencephalogr Clin Neu- 


E, et al: A discussion of the methodology of the 
triceps surae T- and H reflexes, in Desmedt JE 
(ed): New Developments in Electromyography 
and Clinical Neurophysiology. Basel, Switzer- 
land, S Karger, 1973, vol 3, pp 773-780. 

21. Engel AG: Locating motor endplates for 
electron microscopy. Mayo Clin Proc 45:450-454, 
1970. 

22. Jerusalem F, Birchhausen R: Zur Technik 
der Muskelbiopsie. Nervenarzt 46:42-48, 1975. 

23. Stonnington HH, Engel AG: Normal and 
denervated muscle. Neurology 23:714-724, 1973. 

24. Gamstorp I, Wohlfart G: A syndrome char- 
acterized by myokymia, myotonia, muscular 
wasting and increased perspiration. Acta Psy- 
chiatr Scand 34:181-194, 1959. 

25. Hopf HC: Ueber die Veránderung der Leit- 
funktion peripherer motorischer Nervenfasern 
durch Diphenylhydantoin. Dtsch Z Nervenheilkd 
193:41-56, 1968. 

26. Hopf HC: Kntibanmissbt drugs and spike 
propagation of motor nerves and skeletal muscle. 


ais TUR "uw w^ Ts 
LESE oF 7 M 
, - “i . 
NE. TM E » 


selective degeneration of 


"GNI ia i S EIT TE a TS 
g - . vw. - - 
. - adis - 7. " 


not unique to neuromyotonia; it also 
occurs in myasthenia gravis,” long- 
term anticholinesterase treatment of 
rats, Duchenne's dystrophy,” limb- 
girdle muscular dystrophy, Weland- 
er’s dystrophy, and in a few muscles of 
normal control subjeets.**?' 

In summary, a lesion in the 
endplate region has to be postulated 
on the basis of electrophysiological 
and morphological data. In addition, 
in some cases at least, a pronounced 
reduction of continuous muscle fiber 
activity after nerve blocking is sug- 
gestive of an additional central anom- 
aly. 
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Influence of Head Position 


on the Prognosis of 


Experimental Subarachnoid Hemorrhage 


Toru Hayakawa, MD, Arthur G. Waltz, MD 


* Autogenous blood was injected re- 
peatedly into the intracranial subarach- 
noid space of cats, the heads of which 
were placed in one of four positions 
(prone, supine, left side down, and right 
side down). Epidural pressures, mean 
aortic blood pressures, and pulse rates 
were measured, and their responses to 
the repeated injections were analyzed. 
The distribution of the injected blood was 


different among the four groups. The cats | 


in the supine position had the greatest 
amounts of blood in the posterior fossa 
and tolerated the injections least well. The 
position of the head at the time of a 
subarachnoid hemorrhage may influence 
the prognosis; positions that favor ac- 
cumulations of blood around the brain 
stem carry the greatest risk. 
(Arch Neurol 35:206-212, 1978) 
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here are a number of autopsy 

studies that indieate that rapid 
death after a subarachnoid hemor- 
rhage (SAH) caused by the rupture of 
an intracranial aneurysm is not usual- 
ly due to intracerebral hemorrhage." 
Rather, death acutely after SAH may 
be related to the distribution of the 


... eXtravasated blood in. ine Whether 


noid space.*** To determine whether 


the intracranial distribution o «eX. 


travascular blood may influence the 
outcome of experimental SAH, auto- 
genous arterial blood was injected 
into the basal cisterns of cats placed in 
four different head and body posi- 
tions. Measurements of epidural pres- 
sure (EDP), mean aortic blood pres- 
sure (MABP), and pulse rate (PR) 
were made after each injection. 


MATERIALS AND METHODS 
Implantation of Devices for 
Experimental SAH and 
Measurement of EDP 


Twenty-four unselected adult cats, 
weighing approximately 3 kg each, were 
used for the study. Each cat was anesthe- 
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tized with phencyclidine hydrochloride, 1 
mg/kg injected intramuscularly, and pen- 
tobarbital sodium, 20 mg/kg injected 
intraperitoneally. 

The techniques for implanting the 
devices for the injections of blood or saline 
into the basal cisterns and for the measure- 
ments of EDP have been described in 
detail in previous reports.'* In brief, the 
contents of the left orbit were removed, 
and the left optic foramen was enlarged 
with.a pneumatic drill. With the aid of an 
operation microscope, a 5-cm long 20-gauge 
Teflon tube with an obturator was inserted 
through a small incision in the exposed 
dura and arachnoid; the end of the tube 
was positioned at the proximal part of the 
middle cerebral artery (MCA). The tube 
was fixed to the wall of the orbit with 
epoxy cement, and the openings in the dura 
and the enlarged optic foramen were closed 
with Silastic sheeting and sealed with 
oxidized cellulose and contact adhesive. 
The empty orbit was filled with epoxy 
cement and the skin incision was closed 
around the implanted tube. The protruding 
part of the device was protected by a 
plastic cap. 

For measurements of EDP, a burr hole 
was made in the left parietal region of the 
skull, and a shallow stainless steel cylinder 
with a thin Silastic membrane was 
implanted with contact adhesive and epoxy 
cement so that the membrane was as 
nearly coplanar with the dura as possible. 
A stainless steel tube that passed from the 
cylinder outside the incision was filled with 
bubble-free water and sealed with a plastic 
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tube. The protruding part of this device 
also was protected by a plastic cap. 

The cats were allowed to recover from 
the anesthetic and surgical procedures, and 
food and water were made available. Each 
cat was examined to be certain that there 
was no evidence of a neurologic deficit, 
leak of CSF, or intracranial infection 
related to the implantations. 


Production of Experimental SAH 


Five to seven days after the implanta- 
tion procedures, each cat was sedated with 
phencyclidine hydrochloride, 1 mg/kg in- 
jected intramuscularly. After sedation, 
procaine hydrochloride in a 2% solution was 
injected into the skin over a femoral artery 
and vein, and a short incision was made 
through the anesthetized area. A polyethyl- 
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ene catheter was passed through the 
femoral artery into the abdominal aorta 
for measurements of MABP and PR witha 
strain gauge and polygraph and for collec- 
tion of blood samples for measurements of 
blood gases. A separate catheter was 
passed through the femoral vein into the 
inferior vena cava for injections. 

The trachea was intubated, immobiliza- 
tion was accomplished with d-tubocurarine 
chloride injected intravenously, and me- 
chanical ventilation with a small animal 
respirator and a mixture of 75% nitrous 
oxide and 25% oxygen was begun. The cat 
then was put loosely in a headholder and 
the head and body were placed in a supine, 
prone, left-side-down, or right-side-down 
position. In the supine position, the head 
was fixed so that the line between the 








AR-34-C, LEFT SIDE DOWN 


Fig 1.—Changes of epidural pressure (EDP) after injections of blood into intracranial subarachnoid space of cat with left side down. 
Increases of EDP were moderate and cat survived injections. BP indicates blood pressure. 


center of the orbit and the external 
auditory meatus was vertical; in the prone 
position, this line was horizontal. The 
sagittal plane was horizontal in the left- or 
right-side-down positions. The neck was 
not flexed, extended, or rotated to avoid a 
disturbance of the flow of blood in veins 
that could cause intracranial congestion or 
inereases of intracranial pressure (ICP). 
The respirator was adjusted to maintain 
arterial carbon dioxide tension (Paco.) 
near 35 mm Hg, and rectal temperature 
was maintained at 38 C with a heat lamp 
and water blanket. 

The EDP device was connected to a 
strain gauge and polygraph by a nondis- 
tensible catheter and a continuous column 
of bubble-free water. A volume of water 
sufficient to produce a recorded value of 5 
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AR-23-C, LEFT SIDE DOWN 


Fig 2.—Changes of epidural pressure (EDP) in cat with left side down. Marked changes of EDP occurred during later injections, and EDP 


increased after cessation of injection. Cat survived injections. BP indicates blood pressure. 


mm Hg for EDP was injected into the 
device from a microliter syringe attached 
to a side arm." 

After EDP, MABP, and PR stabilized, a 
small amount of arterial blood was quickly 


withdrawn from the catheter inserted into’ 


the abdominal aorta. A basic injection of 
0.6 ml of blood per kilogram of body weight 
was made into the basal cistern in one 
minute with a pump operating at a 
constant speed. Measurements of EDP, 
MABP, and PR were made before, during, 
and up to five minutes after the injec- 
tion. | 

One hour after the first injection, 0.2 ml 
of blood per kilogram was injected in one 
minute in the same manner and similar 
measurements were made. Addit:onal in- 
jections of 0.2 inl/kg were made at hourly 
intervals until the death of the cat or a 


208 Arch Neurol--Vol 35, April 1978 


maximum of 11 injections (one of 0.6 ml/ 
kg and ten of 0.2 ml/kg) after which the cat 
was killed by the intravenous injection of a 
saturated solution of potassium chloride. 
The brain was removed immediately after 
death. The intracranial distribution of the 
injected blood was observed and the 
amount graded as 0 (absent) to 34- in each 
of seven locations: left and right hemi- 
sphere convexities, left and right hemi- 
sphere bases, basal cistern, ambient cis- 
tern, and cisterna magna. 

Five cats were used for each of the four 
head positions; for each position, similar 
amounts of saline warmed to 38 C were 
injected in an additionai cat as a control. 


RESULTS 


After recovery of the cats from the 
anesthetic and surgical procedures for 


implantation of the infusion and EDP 
devices, no. neurologic deficits were 
observed and there was no apparent 
leakage of CSF or evidence of intra- 
cranial infection. 

During the basic injection of 0.6 ml/ 
kg of blood, there was a steep increase 
of EDP, with a decrease after the end 
of the injeetion (Fig 1 through 4). 
During the injection, an increase of 
MABP greater than 10% of the prein- 
jection vaiue occurred in 12 of the 20 
cats (two in the supine position; four, 
prone position; four, left-side-down 
position; and two, right-side-down 
position. In no cat was there a 
decrease of MABP. Pulse rate in- 
creased greater than 10% of the prein- 
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Fig 3.—Changes of epidural pressure (EDP) in cat with right side down. Marked changes of EDP occurred during later injections despite 
hypotension. Cat did not survive sixth injection. BP indicates blood pressure. 


jection value in only two cats: one in 
the supine position and one in the 
prone position. 

The increases of EDP caused by the 
basie injections, the EDP values one 
hour after the basic injections, and the 
increases of EDP caused by the first 
of the smaller injections are summa- 
rized in Table 1. Increases of EDP 
caused by the smaller injections gen- 
erally were less than those caused by 
the basic injections. In general, subse- 
quent injections caused greater and 
greater increases of EDP, except 
when there were decreases of MAB 
(Fig 1 through 4). | 

In the eats in the supine position, 
increases of EDP were relatively 
rapid but quite variable. In these cats, 
hypotension and death occurred after 
a relatively few injections. In the cáts 
in the prone position, increases of 
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EDP were more gradual and less vari- 
able. Only one cat died after a rela- 
tively few injections. In the cats with 
the left (injected) side down, increases 
of EDP after later injections occurred 
to a lesser extent than in the cats in 
the supine or prone positions. In the 
cats with. the right side down, EDP 
increases were similar to those in cats 
with the left side down except that 
death occurred in two after a rela- 
tively few injections and without 
major increases of EDP. 

With increasing numbers of injec- 
tions, the decreases of EDP toward 
preinjection values gradually became 
slower and slower and EDP between 
injections gradually became greater 
(Fig 1 through 4). In three cats, EDP 
continued to increase after an injec- 
tion so that EDP one minute after was 
greater than that during injection 


(Fig 2) There were no consistent 
changes of MABP in any group until 
the terminal stages in which MABP 
either gradually decreased or sudden- 
ly inereased (Fig 2 and 3). The eats in 
the supine position had progressive 
tachyeardia, and early bradycardia 
developed in four of five cats with the 
left side down. There were no other 
consistent changes of PR. 

The numbers of injections that 
eould be tolerated by each cat are 
shown in Fig 4. The cats in the supine 
position in general could tolerate only 
a relatively few injections and the cats 
with the left side down survived the 
largest number. | 

The distribution of intracranial 
blood is given for each cat in Table 2. 
In each group, there was considerable 
variability. In all eats, there was blood 
in the left temporal base, and in some, 
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Fig 4.—Summary chart of changes of 
epidural pressure (EDP) after injections in 
all cats. Survival is indicated by numbers 
of injections for each cat. 


basal blood was symmetrically distrib- 
uted. In the cats with the left 
(injected) side down, there was more 
blood over that convexity. In the cats 
in the supine position, there generally 
were large amounts of blood in the 
basal and ambient cisterns and less 
over the hemispheres. In this group, 
the CSF in the cisterna magna was 
bloody, and in one cat, there was a 
dense hematoma in the cisterna mag- 
na. 

In the four cats in which saline was 
injected, the first injections caused 
increases of EDP ranging from 45 to 
104 mm Hg, with a mean of 64.5 + 
21.7 mm Hg (SD). The second, smaller 
injections caused increases from 7 to 
22 mm Hg, with a mean of 17.3 + 6.0 
mm Hg. Increases of EDP during 
subsequent injections were similar. 
Epidural pressure gradually increased 
after each subsequent injection but 
never exceeded 14 mm Hg. All four 
eats survived the injections. 


COMMENT 


It has been thought that death 
occurring acutely after a subarach- 
noid hemorrhage caused by the rup- 
ture of an intracranial aneurysm may 
be related not only to the volume of 
extravasated blood but also to the 
intracranial distribution of the blood. 
Rapid extravasation and accumula- 
tion of blood on the surface of the 
brain, with extension along the Syl- 
vian fissures and into the cisterna 
magna and fourth ventricle, may 
cause death by compression of the 
medulla. The rapid accumulation of 
blood in the basal cisterns also may 


blo 


cause a sudden shift of cerebral struc- 
tures? When large amounts of blood 
enter the interpeduncular and am- 
bient cisterns and the cisterna magna, 
displacement of the brain stem may 
cause angulation of paramedian ar- 
teries in the midbrain and at the 
pontomedullary junction, producing 
acute brain stem ischemia. The 
formation of a collar of blood around 
the brain stem at the free margin of 
the tentorium may obstruct the circu- 
lation of CSF and cause an increase of 
ICP. In general, evidence available at 
present suggests that an accumula- 
tion of extravasated blood around the 
brain stem, either at the tentorial 
incisura or in the posterior fossa, may 
be associated with a relatively high 
incidence of death acutely after 
SAH. 

Early death was a frequent oc- 
currence in the cats in which there 
was a relatively large amount of blood 
around the incisura of the tentorium 
and in the posterior fossa, and this 
distribution was observed more fre- 
quently in the cats in the supine posi- 
tion. However, the distribution of 
injected blood was not always deter- 
mined by the head position. For exam- 
ple, in the cats with the left side down, 
blood could accumulate at the base of 
the brain on the right side. In the eats 
in the dupine position, there was much 

around the incisura of the tento- 
rium, and the CSF in the cisterna 
magna was grossly contaminated by 
blood; perhaps some components of 
the blood may have affected circula- 
tory centers in the pons or medulla 
chemically, influencing the prognosis. 
Blood fractions infused into the chias- 
matic cistern in the dog have been 


-= shown to cause a severe and sustained 


increase of ICP.’ 
Recent studies of intracranial vol- 


ume-pressure relationships have pro- 
vided a great deal of information 
about the mechanisms of compensa- 
tion for increases of intracranial CSF 
volume.'"* In the present study, in 
the cats that survived many injec- 
tions, the volume-pressure relation- 
ships changed. As resting EDP 
increased, there was a corresponding 
heightening of the response of EDP to 
an individual injection; similar results 
have been observed by others in 
studies of experimental brain com- 
pression." As the EDP response 
became greater, the decrease of EDP 
after the cessation of the injection 
was retarded, and in some cats, there 
eventually was a continuing increase. 
These findings indicate a progressive 
deterioration of the mechanisms of 
compensation for increases of intra- 
eranial volume, perhaps associated 
with generalized vasomotor paraly- 
sis. 

In the cats that died after a rela- 
tively few injections, there were two 
patterns of changes of EDP 
responses. One pattern consisted of 
large increases of EDP during the 
early injections, followed by an abrupt 
change to a lesser response of EDP 
associated with a decrease of MABP. 
The other pattern was one of small 
responses of EDP from the start, asso- 
ciated with early deterioration of 
MABP. The abrupt change in the first 
pattern may have been related to a 
blockage of the flow of CSF caused by 
the accumulation of blood around the 
tentorium. The second pattern was 
similar to the final stages of the first 
pattern and probably reflected circu- 
latory collapse, the exact cause of 
which is unclear. 

The distribution of blood after 


rupture of an aneurysm may be deter- 
mined by a complex interaction of 









Increase During 








Group Range Mean 
Prone 72-127 96.2 
Supine 53-160 107.7 
Left down 47-108 81.8 
Right down 68-108 92.2 








Basic Injection, mm Hg 


Epidural Pressure Before 
Second Injection, mm Hg 


SD Range Mean 
21.1 5-22 12.5 
36.8 7-22 15.7 a 
22.1 9-12 10.3 
16.0 10-21 15:5 





*There were no statistically significant differences between any two of the four groups. 
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Table 1.—Epidural Pressure During Early Injections* 


SD 
6.8 
5.8 
1.2 
4.1 


Increase During 
First Smaller Injection, mm Hg 


Range Mean SD 
35-47 39.9 3.9 
11-127 65.2 39.9 
12-65 30.5 19.1 
34-81 59.7 18.5 
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*0 indicates no blood in region; 1+, small amount of blood; 2+, moderate amount of blood: and 


3+, large amount of blood. 
TCerebrospinal fluid was bloody. 


many factors, including individual 
variations of the anatomy of the skull 
and brain, the site of the aneurysm 
and the structures in the subarachnoid 
space around it, the direction and 
velocity of bleeding from the aneu- 
rysm," the dynamic reactions of the 


cerebral circulation, and displacement . 


of intracranial components, among 
others. The results of the present 
study indicate that the position of the 
head also may influence the distribu- 
tion of extravasated blood and second- 
arily influence the prognosis. Despite 
differences in intracranial anatomy 
between humans and cats and pre- 
sumably, the regulatory mechanisms 
that affect ICP and CBF, this infor- 
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mation may be applicable to humans 
with SAH developing from a ruptured 
intracranial aneurysm. 


The experiments were done in the Cerebrovas- 
cular Clinical Research Center, University of 
Minnesota, Minneapolis, and were supported by 
US Public Health Service grant NS-3364. 

nical as and advice were provided 
2 


by erry Hansen, and Margaret M. | or 







Nonproprietary Name and 
Trademark of Drug 


Phencyclidine hydrochloride—Sernylan. 
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Prognostic Factors 
in the Survival of 1,484 Stroke Cases 
Observed for 30 to 48 Months 


II. Clinical Variables and Laboratory Measurements 


Hassan A. H. Abu-Zeid, MD, DPH, MPH, DrPH; Nung Won Choi, MD, MPH, PhD; Ping-Hwa Hsu, PhD; Kuldip K. Maini, MSc 


e Using the life table method, 962 cases 
of infarction, 279 cases of hemorrhage, 
and 243 cases of undetermined type of 
stroke, occurring in Manitoba between 
Jan 1, 1970, and June 30, 1971, were 
analyzed for factors affecting survival. 
Survival until Dec 31, 1973, was found to 
be adversely affected by the presence of 
coma or unconsciousness and the ab- 
sence of localizing signs and symptoms. 
Also, the prognosis was poor if the heart 
was enlarged on the x-ray film or the ECG 
was abnormal. On the other hand, the 
presence of individual clinical entities 
such as hypertension, hypertensive heart 
disease, myocardial infarction, atrial fi- 
brillation, or diabetes did not affect the 
survival significantly, These findings will 
help in predicting the prognosis and in 
planning for management of stroke 
cases. 

(Arch Neurol 35:213-218, 1978) 


D a previous communication’ the 
survival of 1,484 new cases of 
stroke occurring in the Province of 
Manitoba (700,000 residents) during 
the period of Jan 1, 1970, to June 30, 
1971, was evaluated in relation to 
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certain descriptive variables and diag- 
nostic types. In the present report, the 
survival of the same group is de- 
scribed according to clinical variables 
and laboratory findings. Specifically 
these include signs and symptoms; 
presence or history of hypertension, 
diabetes mellitus, myocardial infarc- 
tion, hypertensive heart disease, and 
atrial fibrillation; levels of blood pres- 
sure and fasting blood glucose; heart 
size on x-ray film; electrocardiograph- 
ic abnormalities; and whether or not 


the patient had received physiothera- 


py and antihypertensive treatment. 


MATERIALS AND METHODS 


The 1,484 cases studied were ascertained 
from the hospital claim reports submitted 
to the Manitoba Health Services Commis- 
sion (MHSC), a governmental health insur- 
ance agency that provides hospital and 
medical care for Manitoba residents at no 
cost. Detailed personal, clinical, and labora- 
tory data for the cases were collected from 
hospital medical records, autopsy reports, 
and death certificates. The data abstracted 
from medical records include personal 
information such as age, sex, occupation, 
residence, and marital status; date of 
admission and discharge; presence or 
history of conditions such as hypertension, 
hypertensive heart disease, diabetes melli- 
tus, myocardial infarction, and atrial fibril- 
lation; detailed clinical signs and symp- 
toms; treatment received; and results of 
the physical examination and laboratory 
investigations. Included in the latter were 


chest roentgenography and a report on the 
size of the heart, an ECG report, and the 
level of fasting blood glucose. The 
abstracted data included information tak- 
en at the stroke admission as well as from a 
prior hospital admission, whenever applica- 
ble. This made possible the evaluation of 
factors that existed for some time before 
the occurrence of stroke. 

The criteria for diagnosis and classifica- 
tion of the cases, the method of follow-up 
to determine the survival status at closing 
date (Dec 31, 1973), the computation of 
probability of survival by the life table 
method, and the method of adjusting for 
age and of testing the significance of 
difference between the survival of two 
groups have all been reported previously.' 


RESULTS 


Based on the criteria for diagnosis 
followed in this study, the 1,484 cases 
of stroke were classified into 823 
(55.5%) cases of infarction due to 
thrombosis, 129 (8.7%) infarctions due 
to embolism, 10 (0.7%) infarctions of 
unknown origin, 183 (12.3%) intracere- 
bral hemorrhages (ICH), 89 (6%) sub- 
arachnoid hemorrhages (SAH), 7 
(0.5%) hemorrhages of unknown ori- 
gin, and 243 (16.3%) stroke cases of 
undetermined type because of the lack 
of information for their classification. 
For the comparisons in this report, the 
three infarction groups (thrombosis, 
embolism, and of unknown origin) are 
combined into one category of 962 
cases (64.8% of the total) designated 
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Fig 2.—Survival of stroke patients by presence or absence of speech defects and by 
Clinical type. INF indicates infarction; HGE, hemorrhage. 


collectively as infarction (INF), and 
the three hemorrhage groups (ICH, 
SAH, and hemorrhage of unknown 
origin) are combined into another 
category of 279 cases (18.8% of the 
total) designated as hemorrhage 
(HGE). 

Of the 1,484 cases studied, 826 
(55.5%) died by the end of the 30 to 48 
month follow-up period, 605 (40.8%) 
lived to closing date (Dee 31, 1973), 
and 53 (3.5%) moved out of the 
province and/or were lost to follow- 


up. 


214 Arch Neurol—Vol 35, April 1978 


Survival According to Signs and 
Symptoms.—Patients who manifested 
localizing signs and symptoms sur- 
vived better than those without such 
signs and symptoms. For example, 
survival of patients with paralytic 
manifestations (monoplegia, hemiple- 
gia, or paraplegia) was significantly 
better than of those without such 
manifestations (P < .0005). This was 
noted in both INF and HGE groups 
(Fig 1) and in both men and women, 
although the difference in women was 
not statistically significant. Among 


the cases, 81.4% of INF and 46.2% of 
HGE had one type or another of paral- 
ysis. The number of patients with and 
without the described variable is 
shown between parenthesis in all the 
illustrations in this report. 

Likewise, patients with INF or 
HGE who had any speech defect 
survived better than those without 
this defect (Fig 2, P < .01 for INF and 
P< .025 for HGE). The pattern of this 
difference was the same in men and 
women, but statistically was not 
consistently significant. Fifty percent 
of the patients with INF and 16.8% of 
those with HGE had some kind of 
speech defect. 

Of the INF cases, only 8% had 
nausea, vomiting, or headache, where- 
as 68% of the HGE patients had these 
complaints. The survival of those who 
had one or more of these manifesta- 
tions was better than that of persons 
who did not have such manifestations 
(Fig 3). The difference was signifi- 
cant in the HGE group only. 

Manifestations such as vertigo, diz- 
ziness, or ataxia were found in 15.5% 
of INF cases and 10% of HGE cases. In 
patients with these manifestations, 
the survival was also better than in 
those without (Fig 4); however, the 
difference was significant in the INF 
group only. 

On the other hand, the presence of 


= coma or unconsciousness with the 


onset of stroke had a serious effect on 
survival. This was true whether the 
patient had INF or HGE (P < .005, 
Fig 5) or was male or female. Of the 
INF cases, 32% had coma or uncon- 
sciousness on admission, whereas 
72.4% of the HGE cases showed such a 
complaint. 

All the differences in survival 
between those who had and those who 
did not have one or more of the signs 
and symptoms mentioned above were 
consistent whether long-term or 
short-term survival curves were con- 
sidered. By studying the short-term 
survival, however, most of the differ- 
ence was found to occur usually during 
the first three weeks after the stroke. 
Thereafter, the curves of both groups 
(those with and without the signs and 
symptoms) in INF continued to 
decline at. slow and identical rates 
over the total period of follow-up, 
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whereas the curves in HGE were more 
or less horizontal and parallel, indi- 
cating a little change in mortality for 
HGE after the first three to four 
weeks. In the long-term survival 
curves shown here, this leveling off 
appears after the first year, because 
the shortest period based on annual 
intervals is one year. 

Since the factors of coma and 
complaints of certain symptoms or 
appearance of certain signs as paral- 
ysis or speech defects may interact in 
the sense, for example, that patients 
who did not complain of headache or 
did not show signs of paralysis or 
speech defect may simply have be- 
come comatose early, while those who 
did complain were less comatose, 
further analyses were carried out to 
control for this interaction. Patients 
with coma were separated from those 
without coma, and in each group the 
survival was compared between those 
who manifested and those who did not 
manifest paralysis. Similarly, those 
with and those without speech defect, 
headache, nausea or vomiting, or 
dizziness, were all compared within 
comatose and noncomatose groups. 
Interestingly, it was found that 
among cases without coma, the differ- 
ence in survival between those with 
and those without paralysis, speech 
defect, or dizziness disappeared, 
whereas among cases with coma the 
previously observed significant dif- 
ference persisted. Thus, among pa- 
tients who had coma, those with local- 
izing signs and symptoms still sur- 
vived significantly better than those 
without, demonstrating again that 
the presence of localization at any 
stage of stroke among cases with 
coma indicates a better prognosis, 
whereas in less severe cases without 
coma, the presence or absence of local- 
ization does not make any difference 
in survival. 

Survival According to Presence of 
Other Clinical Conditions.—The age- 
adjusted survival was compared be- 
tween patients who did and did not 
have each of the following clinical 
conditions: hypertension, diabetes 
mellitus, myocardial infarction, hy- 
pertensive heart disease, and atrial 
fibrillation. None of these conditions 
seemed to have a statistically signifi- 
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Fig 3.—Survival of stroke patients by presence or absence of headache, nausea, or 
vomiting and by clinical type. INF indicates infarction; HGE, hemorrhage. 
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Fig 4.—Survival of stroke patients by presence or absence of vertigo, dizziness, or ataxia, 
and by clinical type. INF indicates infarction; HGE, hemorrhage. 


cant effect on the survival of the 
stroke patients. However, the survival 
curve for victims of stroke who had 
any of the above-mentioned condi- 
tions was always lower than the curve 
for those who did not have such condi- 
tions (and the relative odds of mortal- 
ity were always higher than 1). The 
difference, though not statistically 
significant, was relatively large with 
hypertensive heart disease. Because 
of space limitation, these curves are 
not presented here. 

Survival According to Level of Blood 
Pressure.—Systolie and diastolic blood 


pressures measured at stroke admis- 
sion and at prior hospital admissions 
were obtained from medical records. 
The age-adjusted survival of those 
with. systolic blood pressures above 
160 mm Hg or diastolie pressures 
above 95 mm Hg was compared with 
the survival of those with lower blood 
pressures. No significant difference 
in the survival between these groups 
was detected. This was true whether 
the blood pressure measurement was 
made at stroke admission or at admis- 
sions prior to the occurrence of 
stroke. 
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Fig 5.—Survival of stroke patients by presence or absence of coma or unconsciousness 
and by clinical type. INF indicates infarction: HGE, hemorrhage. 
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Fig 6.—Survival of stroke patients by blood 
glucose level at stroke admission. 


Survival According to Body Weight.— 
Body weight was expressed in relation 
to height in terms of Body Mass Index 
(BMI), which is equal to weight 
divided by height squared. The age- 
adjusted survival of cases with BMI 
above 28 was not different from those 
with a lower BMI in both men and 
women. The long-term and short-term 
survival curves for the two groups 
were close to each other and did not 
follow any specific pattern (curves not 
shown). 

Survival According to Certain Labora- 
tory Findings.—Blood Glucose Level.— 
Where available, the fasting blood 
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presence or absence of enlarged heart on 
x-ray film at stroke admission. 


glucose level measured at stroke 
admission and at prior admissions 
were used in the analysis. The blood 
glucose level measured sometime be- 
fore the occurrence of stroke had no 
significant relationship to the survival 
of the patients. When the blood 
glueose level measured at stroke 
admission was considered, it was 
found thai patients with levels lower 
than 100 mg/100 ml survived signifi- 
cantly better than those with higher 
levels (P — .005, Fig 6). The difference 
continued to show in the short-term 
and the long-term curves. When this 
difference was analyzed further ac- 


cording to diagnostic type and sex, the 
same pattern of survival described 
above existed in almost all categories, 
but the difference was significant 
only in women with HGE. 

Size of the Heart on X-ray Film.— 
Stroke patients who showed heart 
enlargement on the x-ray film at or 
prior to stroke admission had a signif- 
ieantly shorter survival than those 
without enlargement (P < .005). Fig- 
ure 7 shows the curves for those whose 
x-ray film was taken at stroke admis- 
sion. The effect of heart enlargement 
on the survival was evident mostly in 
long-term survival, as appears from 
the divergence of the two curves over 
the years of follow-up. In short-term 
survival, the two curves were very 
close together. When the survival was 
analyzed according to diagnostic 
types of stroke and sex, the pattern of 
the difference just described was 
consistent in each sex-diagnostic cate- 
gory, but the difference was signifi- 
eant only in women with INF and 
HGE. 

ECG  Abnormalities.— Abnormal 
findings on the ECG, detected prior to 
or at stroke admission, were asso- 
ciated with significant reduction in 
the survival of stroke cases (P < .025). 
Further analyses by diagnostic type 
showed that this relationship (ad- 
justed for age) was demonstrated in 
INF cases only (Fig 8), and the differ- 
ence was significant in men but not in 
women. As with the condition of heart 
enlargement on x-ray film, the rela- 
tionship of the ECG abnormalities 
with the survival of stroke patients 
was mostly evident from the long- 
term survival curves. On examining 
the 30-day survival curves (not shown 
here), no difference was found be- 
tween the curve for those with and 
those without ECG abnormalities. 

Survival According to Treatment.— 
Patients who received physiotherapy 
survived better than those who did not 
(P < .0005). This was evident in INF 
and in HGE and in men and women. 
The main difference in the survival 
appeared during the first three weeks 
after the attack. In the long-term 
survival curve, this difference per- 
sisted constantly between the two 
groups, and their survival curves 
continued to decline over time at iden- 
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Fig 8.—Survival of stroke patients by presence or absence of abnormal ECG at stroke 


admission and by clinical type. 
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Fig 9.—Survival of stroke patients by treat- 
ment with antihypertensives. 


tical slow rates in INF, whereas in 
HGE the curves leveled off. 

As shown above, the presence of 
hypertension had no significant rela- 
tionship with survival of stroke 
patients. However, patients who did 
receive antihypertensives survived 
better than those who did not (Fig 9). 
The difference was significant in 
women only (P<.01), but men 
showed the same pattern of curves. 
Much of the difference in survival 
between the two groups was apparent 
early during the four weeks after 
stroke. 
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COMMENT 


This study has the advantage of 
including a large number of nonselect- 
ed cases of stroke representing all 
new cases that occurred over an 18- 
month period in a community of 
700,000 residents. The cases were 
ascertained and diagnosed according 
to defined criteria. In the analysis 
each diagnostic category of stroke was 
handled separately. 

Of the total 1,484 ascertained cases, 
53 patients (3.5%) moved out of the 
province and/or were lost to follow- 
up. However, their survival experi- 
ence from the time of hospital admis- 
sion till discharge was taken into 
account by the life table method, since 


" they were known to be alive on 


discharge. In addition, this low pro- 
portion of losses is not expected to 
affect the results seriously. 

Our findings show that the patients 
who manifested localizing signs and 
symptoms, such as paralysis, speech 
defect, vertigo, dizziness, or ataxia, 
had a better prognosis in regard to 
survival than others. This was evident 
in both INF and HGE tases and 
implies that signs of localization 
refleet focal lesions in the central 
nervous system that usually have a 
better prognosis than extensive, more 
severe lesions. Focal lesions gave 
various localizing signs and symptoms 


according to the site and whether the 
carotid system or the vertebrobasilar 
system was affected. The observed 
better prognosis in this study for 
those who received physiotherapy 


‘than for others supports the prog- 


nostic value of localization, since those 
who received physiotherapy must 
have had one type of paralysis, speech 
defect, or other localizing signs and 
symptoms. 

It is generally known, and we have 
shown previously, that HGE is more 
often fatal than INF. Also, it was 
shown here that HGE was manifested 
more often than INF with coma or 
unconsciousness, whereas INF was 
manifested more often than HGE 
with localizing signs and symptoms. 
But if HGE was focal and manifested 
with localizing signs and symptoms, 
the prognosis would be more favorable 
than if it were nonfocal. On the other 
hand, if INF was extensive and 
severe, such as extensive hemispheri- 
cal or brain stem infarction, it usually 
would be manifested with a severe 
condition such as coma, and the prog- 
nosis would be grave. The finding 
about coma or unconsciousness in this 
study indicating a serious prognosis, 
whether the case was INF, or HGE, 
also has been illustrated by others.*° 
When the effect of localization on 
survival was examined separately in 
patients with and without coma, it 
was found that only in patients who 
manifest coma did the presence of 


localization give a better prognosis 


than its absence. 

The existence or history of other 
clinical conditions such as hyperten- 
sion, diabetes mellitus, myocardial 
infarction, hypertensive heart dis- 
ease, or atrial fibrillation did not seem 
to add any significant risk of mortali- 
ty to the condition of stroke per se. 
Also, the level of systolic and diastolic 
blood pressures and the BMI had no 
significant effect on survival. It may 
be noted, however, that the survival 
curves of the patients who had any of 
these conditions or high blood pres- 
sure were always lower than the 
curves of those free of these condi- 
tions or with lower blood pressure. 

In two previous studies"? no effect 
for hypertension on the long-term 
survival of stroke patients was found. 
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On the other hand, Marquardsen? 
found that the long-term mortality 
after surviving the first three weeks 
of stroke was adversely affected by 
the presence of hypertension or high- 
er blood pressure. Also Haerer and 
Woosley,* in a study of predominantly 
black patients, reported that the prog- 
nosis worsened with preexisting hy- 
pertension. Others found that the 
survival was adversely affected only if 
hypertension was severe? or if the 
diastolie blood pressure was extremely 
hig 10.11 

Caution should be exercised in 
comparing our results with the find- 
ings from these various studies. In our 
study nonselected cases representing 
a total community were studied and 
followed up for three to four years, 
and in the analysis the data were 
adjusted for age. In the various 
studies cited above, usually the pa- 
tients were selected from a hospital or 
a number of hospitals for convenience 
and feasibility, the effect of age on 
survival was rarely accounted for 
when hypertension was studied, and 
the follow-up period varied greatly 
from one study to another. In addi- 
tion, the time at which blood pressure 
was measured in relation to the onset 
of stroke was not standardized. In 
many stroke cases the blood pressure 
level immediately or shortly after the 
attack does not reflect the usual 
preexisting level before the attack. In 
our series both levels of blood pressure 
from admissions prior to stroke and at 
stroke admission were studied, and no 


Significant effect on survival was 


found. 

Despite this observation on hyper- 
tension in this study, our fincing that 
female patients who receivec antihy- 
pertensives survived better than those 
who did not is noteworthy. Presum- 
ably, most of these patients had INF 
and probably had very high blood 
pressures. If this is true, it may 
confirm the finding in some studies 
that only severe hypertension would 
affect survival adversely.*-'' 

That diabetes had no significant 
effeet on survival in this study has 
also been reported by others." 
However, mortality was higher in 
those with fasting blood glucose levels 
above 100 mg/100 ml than :n those 
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with lower levels in this study, which 
requires explanation. It was found 
that this contrast in mortality by 
blood glucose level was demonstrated 
only in women with HGE. It also has 
been reported that the patient with 
HGE is more likely to experience a 
transient hyperglycemia as a result of 
the disturbed sugar metabolism due to 
cerebral injury.’ Thus, it is quite 
possible that the observed higher 
mortality in persons with high blood 
glucose levels was in fact due to the 
condition of HGE per se, and its asso- 
ciation with the blood glucose level is 
secondary. This view is supported by 
the fact that the difference in survival 
according to blood glucose level was 
neither observed with INF nor when 
blood glucose measured during admis- 
sions prior to stroke was considered. 

Finally, no significant association 
was found in this study between the 
survival of stroke patients with and 
without preexisting individual clinical 
entities such as myocardial infarction, 
atrial fibrillation, or hypertensive 
heart disease. However, an adverse 
effect on survival was observed in 
patients with ECG abnormalities or 
with enlarged heart on the x-ray film. 
The effect in these conditions was 
mainly long-term. Similar observa- 
tions also were reported by others.?:"° 

The ECG abnormalities considered 
here include any abnormal findings on 
the ECG reported in the medical 
records. This is a very broad category 
that includes a large variety of condi- 
tions ranging from abnormalities in 
rhythm and conduction to nonspecific 
and specific ST-T changes. No at- 
tempt was made to study the survival 
within groups of specific ECG abnor- 
malities. Nevertheless, the findings 
about certain clinical entities such as 
myocardial infarction, hypertensive 
heart disease, and atrial fibrillation, 
as shown in the medical record, may 
reflect the effect of specific ECG 
abnormalities on the survival. 

In summary, this study shows that 
in both INF and HGE the absence of 
localizing signs and symptoms and the 
presence of coma or unconsciousness 
with the onset of stroke are usually of 
serious prognostic value and indicate 
a nonfocal extensive lesion, Enlarge- 
ment of the heart on the x-ray film 
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and an abnormal ECG are also poor 
prognostic signs, particularly for long- 
term survival. On the other hand, the 
level of blood pressure, the presence or 
history of hypertension, hypertensive 
heart disease, myocardial infarction, 
atrial fibrillation, or diabetes mellitus 
do not seem to add a significant risk 
of mortality to the stroke patient. 
These findings may help in predicting 
the outcome of stroke and in planning 
for better management of the case. 
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Tolosa-Hunt Syndrome 


Arteriographie Evidence of Improvement in Carotid Narrowing 


Tsuneyuki Takeoka, MD; Fumio Gotoh, MD; Yasuo Fukuuchi, MD; Yasutaka Inagaki, MD 


e Diagnosis of Tolosa-Hunt syndrome 
was made in a 25-year-old woman on the 
basis of unilateral third and sixth nerve 
paresis and possible involvement of the 
first branch of the ipsilateral trigeminal 
nerve, accompanied by headaches and 
ocular pain, which responded promptly to 
corticosteroid administration. Irregular 
narrowing of the right carotid siphon and 
occlusion of the homolateral superior 
ophthalmic vein were observed. During 
steroid therapy this stenosis improved in 
association with almost complete clinical 
recovery, although the vein was not reca- 
nalized. Of ten reported cases with 
contrast radiographic abnormalities, in- 
cluding our own, only two showed pupil- 
lary involvement. We hypothesize that the 
third nerve paresis with pupillary sparing 
in this syndrome may be attributable to 
the same underlying mechanism as that of 
diabetic ophthalmoplegia. 

(Arch Neurol 35:219-223, 1978) 
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is 1954 Tolosa! reported a case of 


unilateral ophthalmoplegia ac- 


companied by ipsilateral orbital pain; 


he attributed the symptoms to granu- 
lomatous inflammation around the 


intracavernous portion of the carotid 


artery. Hunt et al,’ in 1961, described 


six similar eases and outlined the basic 


criteria for diagnosis of this syn- 
drome. Later, Smith and Taxdal* 
encountered five additional cases and 


emphasized the dramatic response to 


systemic corticosteroid therapy. On 


the basis of an analysis of these cases, 
they considered the syndrome to 
represent a definite clinieal entity 
that they named Tolosa-Hunt (T-H) 
To our knowledge, no 


syndrome. 
previous reports of the syndrome have 
been given in which both arterio- 
graphic and phlebographic responses 
to treatment were demonstrated in 
association with clinical improve- 
ment. 

The purpose of this article is to 
report a case of the syndrome in which 
arteriographic improvement of the 
narrowing of the carotid siphon was 
manifested during corticosteroid ther- 
apy, although there was no recanaliza- 
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tion of the occluded superior ophthal- 
mic vein. In connection with the 
angiographic findings, possible patho- 
genesis of third nerve paresis with 
pupillary sparing in the T-H syn- 
drome is also discussed. 


REPORT OF A CASE 


A 25-year-old, right-handed woman who 
was in good health until Aug 2, 1976, 
suddenly developed double vision, which 
subsided spontaneously in about two 
weeks. In early September, she had right 
temporal nonparoxysmal and throbbing 
headache, with transient relief by pressing 
the dilated and pulsating frontal artery. 
The pain lasted throughout the day. The 
woman consulted a neurosurgeon with the 
complaint and was referred to an ophthal- 
mologist, who discovered right abducens 
paresis. Oral betamethasone administra- 
tion, 3 mg daily, was begun on Nov 9. 
Within 24 hours, the pain decreased and 
the diplopia gradually improved. Although 
the steroid was prescribed to be taken 
regularly, the patient took it only when the 
pain appeared. From late November on, 
she also suffered from another kind of 
headache, which was steady and gnawing, 
in the right cranium, and was accompanied 
by pain in and around the right eye. Due to 
its aggravation, she was referred to our 
department. 

The woman was admitted to Keio 
University Hospital on Jan 12, 1977. She 
complained of a constant and piercing 
headache in the right temporal and occip- 
ital regions, and suffered considerably 
from the pain behind her right eye and a 
subjective periorbital abnormal sensation. 
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Fig 1.—Schematic representation of clinical course. 


Her history included a burn in the occipital 
area at the age of 2 years, and a positive 
tubereulin test in her school days. Her 
mother had rheumatoid arthritis. There 
was no family history of diabetes mellitus 
or migraine. 

Physical examinations yielded unre- 
markable results except for a temperature 
of 37.1 C. Abnormal neurological findings 
were confined to extraocular movement 
(EOM): abduction of the right eye was 
slightly impaired, while EOM on the left 
was normal. The visual fields, acuity, and 
ocular fundi were normal. Both pupils func- 
tioned well. Facial sensation including 
corneal reflex appeared to be intact. 


Laboratory Data 


The cerebrospinal fluid was clear and 
colorless with normal pressure, two mono- 
nuclear cells, a protein content of 37 
mg/100 ml, and a glucose content of 64 mg/ 
100 ml. Cultures for bacteria including 
Mycobacteriwm tuberculosis and for fungi 
were negative. Complete blood cell counts, 
urinalysis, serum electrolytes, enzymes, 
and fasting blood glucose levels (84 mg/100 
ml) were all normal. The ESR was 28 mm 
per hour. Blood and CSF tests for syphilis 
were both negative. Serum electrophoresis 
disclosed increased a.-globulin level 
(12.3%), with 7.5 gm/100 ml of total 
protein. Serum immunoglobulin levels 
were 1,400 mg/100 ml for IgG (normal, 980 
to 1,500), 445 mg/100 ml for IgA (normal, 
140 to 280), and 295 mg/100 ml for IgM 
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(normal, 95 to 165). Increased fibrinogen 
(667 mg/100 ml) and positive C-reactive 
protein were detected. The antistrepto- 
lysin O titer was normal. RA factor, anti- 
nuclear antibodies, anti-DNA antibody, 
and lupus erythematosus cell studies were 
all negative. Thyroid funetion was normal. 
Extensive roentgenographic studies of the 
skull and chest showed no abnormalities. 


The EEG and ECG were both normal. 


Computed tomogram of the brain and 
orbits was normal. The edrophonium chlo- 
ride (Tensilon) test was negative. Findings 
of otological examinations were all within 
normal limits. 


Clinical Course and Contrast 
Studies 


Oral administration of ergotamine tar- 
trate failed to lessen the pain (Fig 1). 
Aspirin barely relieved the discomfort. The 
pain continued and increased in severity. 
Ten days after admission at the peak of a 
headache with nausea, the patient sudden- 
ly developed ptosis on the right. Neurolog- 
ieal examination showed that adduction, 
elevation, and depression of the right eye 
were all impaired; EOM on the left was 
normal. Both pupils were equal in size and 
reacted well to light. The cocaine test gave 
normal results. Corneal reflexes were pres- 
ent, and no sensory loss was found in the 
face. Abduction of the right eye remained 
unchanged. The third nerve paresis was 
accompanied by further increases in ESR 
(42 mm/hr) and fibrinogen (956 mg/100 


ml). On that evening, oral administration 
of prednisolone, 30 mg daily, was begun. 
Within 42 hours the headaches and ocular 
pain had both subsided. The ptosis and 
double vision diminished in five days. 
Thereafter, the dose of steroid was grad- 
ually tapered off. 

On Feb 8, right carotid angiography was 
performed. It demonstrated irregular nar- 
rowing in the siphon portion (Fig 2, top) At 
that time, adduction of the right eye still 
remained impaired, elevation and depres- 
sion were fairly well restored, and occa- 
sional slight pain continued in the temporal 
region. Ten days later, when only slight 
dysfunetion of the right medial rectus 
muscle was observed, transfemoral bilat- 
eral carotid angiograms showed that the 
diameter of the right internal carotid 
artery in the cavernous portion had become 
wider than on the former angiogram (Fig 
2, bottom). The caliber of the left siphon 
was slightly narrower than that of the now 
dilated affected side. Orbital phlebography 
(Fig 3) on Feb 28 disclosed complete occlu- 
sion of the right superior ophthalmic vein 
and no filling of the cavernous sinus on 
that side. The left superior ophthalmic vein 
was well opacified. 

During the entire course of illness, no 
pupillary dysfunction or disturbed vision 
was recognized. On March 18, 1977, when 
the prednisolone dose was reduced to 5 mg 
daily, and the ESR, fibrinogen, and a.- 
globulin levels were all in the normal 
range, the patient was discharged. She was 
asymptomatic except for slight diplopia on 
maximal left lateral gaze. 


COMMENT 


We diagnosed the present case as 
T-H syndrome on the basis of 
unilateral third and sixth nerve pare- 
sis and possible involvement of the 
first branch of the ipsilateral trigem- 
inal nerve, accompanied by headaches 
and ocular pain, which responded 
promptly to corticosteroid administra- 
tion. The patient fulfilled the basic 
criteria proposed by Hunt et al, 
although she had in addition suffered 
from a headache of vascular type for 
about four months. Her headaches did 
not occur in paroxysms and were not 
alleviated by ergotamine tartrate. 
Corticosteroid administration less- 
ened the severity of the symptoms. 
Hunt and colleagues’ patient 1? also 
experienced a vascular headache, al- 
though it was on the side contralateral 
to the ophthalmoplegia. Bearing these 
cases in mind, those reported by 
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Fig 2.—Top, Right carotid angiography 
performed on Feb 8, 1977. Note irregular 
narrowing of siphon portion and some- 
what incomplete opacification of anterior 
cerebral artery. Bottom, Transfemoral 
right carotid angiography performed on 
Feb 18, 1977. Note remarkable improve- 
ment in prior stenosis. 


Walsh and O'Doherty* are instructive 
in regard to the relationship between 
ophthalmoplegic migraine and the 
T-H syndrome. They described a 23- 
year-old woman and a 35-year-old 
man suffering from ophthalmoplegic 
migraine with constriction of the 
intracranial portion of the carotid 
artery. They concluded that this 
stenosis was the result of edema of the 
arterial wall. Furthermore, Bicker- 
staff? described an ll-year-old girl 
suffering from ophthalmoplegic mi- 
graine with narrowing of the artery in 
the cavernous portion. These observa- 
tions suggest that at least some cases 
with ophthalmoplegic migraine have a 
close relationship to the T-H syn- 
drome. 

Diabetic oculomotor paresis with 
headache was ruled out on the grounds 
of normal fasting blood glucose levels 
and urinalysis results, steroid-sensi- 
tive symptoms, and contrast radio- 
graphic abnormalities. 

Since the original description by 
Tolosa,' 59 cases have appeared in the 
published literature.’**'* Of these, 
arteriography was performed in 51 
subjects, and phlebography in seven. 
The Table gives a summary of the 
cases of T-H syndrome with abnormal 
findings in contrast studies. Common 
features on the affected side were 
irregular narrowing of the siphon 
portion of the internal carotid artery, 
occlusion of the superior ophthalmic 
vein, and nonvisualization of the 
cavernous sinus. In 1975, Kettler and 
Martin" called attention to an angio- 
graphical reversibility of the stenotic 
artery. They repeated carotid angiog- 
raphy nine weeks after the first 
examination, or seven weeks after the 
beginning of prednisone therapy, and 
found that deformity of the siphon 
was no longer present. We acquired 
similar evidence from the second 
angiography performed ten days af- 
ter the initial study, or 26 days after 
the start of prednisolone treatment. 
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Fig 3.—Orbital venography performed on Feb 28, 1977. Note complete occlusion of right superior oph- 
thalmic vein and nonvisualization of cavernous sinus. Left superior ophthalmic vein was well opacified. 







Angiographic Findings 
Pupillary 
Age at Onset Sex ESR, mm/hr Side Involvement* Arteriography; Phlebography: 


Tolosa,' 1954 47 M ? L +§ + Not done 
Milstein & Morretin,'? 1971 15 F ? L -— Normal +4 
Sondheimer & Knapp," 1973 

















Case 1 43 M 24 R —+ + + 

Case 2 53 M 56 E — Normal * 

Case 3 70 F 33 L = Not done + 
(1st admission) 

Hallpike,'* 1973 43 M 4 L — + + 






(2nd admission) 


Adams & Warner, 1975 23 M N L — + + 
Kettler & Martin,” 1975 15 M 47 R — +f = 
Present case, 1977 25 F 28 R — +4 * 


*All the patients had oculomotor paresis with or without pupillary sparing. 

+The common feature was irregular narrowing of the siphon portion of the internal carotid artery. 

iThe findings were occlusion of the superior ophthalmic vein and defective filling of the cavernous sinus. 

§Described as total ophthalmoplegia, although pupillary function was not recorded. 

\|A slightly less brisk reaction to light compared to the left. 

{Radiographic improvement of the vessels was detected during or after corticosteroid therapy. 

# Three months after angiography, a dilated and unresponsive pupil was observed. No instillation test with cocaine was performed in any case except 
ours. 






Although “it is difficult to speculate 
what effect steroid therapy had in 
resolution of the pathologic process 
and overall improvement from an 
angiographic standpoint,’ it is indi- 
rectly justified that corticosteroids be 
administered at the earliest possible 
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opportunity. However, the right su- 
perior ophthalmic vein of our patient 
was completely obliterated in the 
orbital phlebography carried out ten 
days after the second arteriography, 
despite the fact that she was free of 
pain and had almost recovered from 


the ophthalmoplegia by that time. 
Unfortunately, phlebographic find- 
ings in Kettler and Martin's case after 
corticosteroid therapy were not avail- 
able. Sondheimer and Knapp" found 
no significant change in the vein after 
24% months of prednisone therapy, 
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when the patient (case 2) was entirely 
asymptomatic, although the arterio- 
graphic response to treatment was not 
available in this case. On the other 
hand, there have been two examples 
of recanalization of the venous system 
at the completion of steroid treat- 
ment.: (Since detailed clinical rec- 
ords were not available, Lloyd's cases?" 
were not included in the Table.) 
Therefore, the possibility that the 
radiographie improvement of arterial 
constriction might be a spontaneous 
remission with no relationship to the 
corticosteroid could not be completely 
excluded. 

We were impressed by the fact that 
of ten patients, including our own, 
only two showed pupillary involve- 
ment (Table). Eight patients had third 
nerve paresis with pupillary sparing 
when angiography disclosed abnor- 


‘malities. 


Why are the pupils relatively spared 
in the T-H syndrome? Smith and 
Taxdal? and Hunt’? have suggested 
the possibility of concomitant involve- 
ment of the ocular sympathetic fibers, 
and indicated the need for an instilla- 
tion test with cocaine. Unfortunately, 
this was not performed in any of the 
cases in the Table except our own. In 
our patient, both pupils reacted nor- 
mally to the cocaine test, which does 
not support the above-mentioned 
view. 

The following three facts seem rele- 
vant to the pathogenesis of pupillary 
sparing in this syndrome. First, there 
is a close relationship between the 
oculomotor paresis with pupillary 
sparing and the angiographic abnor- 
malities. Second, the onset of third 
nerve paresis is relatively rapid and 
recovery is almost complete. In corre- 
spondence to the clinical recovery, 
narrowing of the carotid siphon was 
relieved during or after” corticoste- 
roid treatment. It was noted that the 
intracavernous portion of the third 
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nerve received its blood supply direct- 
ly from the internal carotid artery via 
branches of the artery to the inferior 
cavernous sinus." This vessel arises 
from the lateral aspect of the carotid 
artery at the base of the siphon.^^ 
Third, there seems to be a consensus 
that pupillary sparing is a notable 
feature of diabetic third nerve pare- 
sis.?*?' Sunderland and Hughes** have 
demonstrated a peripheral distribu- 
tion, especially superiorly, of small 
fibers in the human third nerve, and 


regarded them as pupillomotor fibers. 


There is also agreement histopatho- 
logieally that in diabetie third nerve 
paresis without pupillary dysfunction, 
demyelination of the nerve was rela- 
tively spared in the peripherally 
placed myelinated fibers, in associa- 
tion with affected intraneural vessels. 
Ischemia was considered to be the 
cause of the paresis.^' ^*^? 

Considering all these conditions, it 
appears reasonable to suppose that in 
the T-H syndrome, the oculomotor 
paresis at least may be of vascular 
origin. 
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Abnormal Iris Vasculature 


in Myotonic Dystrophy 


An Anterior Segment Angiographic Study 


Lawrence Z. Stern, MD; Harold E. Cross, MD, PhD; Alan R. Crebo, MD 


* The microvasculature of the iris was 
studied in 35 patients with neuromuscular 
disease and 14 control subjects, using 
anterior segment fluorescein angiogra- 
phy. Myotonic muscular dystrophy, in 
which a variety of ocular changes have 
previously been reported, was found to be 
associated with both focal and general- 
ized vascular abnormalities. Changes 
were seen in the fluorescein angiograms 
of all nine of the myotonic dystrophy 
patients in which the iris vessels could be 
seen. No evidence of a microcirculatory 
disorder was seen in patients with 
Duchenne’s dystrophy, for which a vascu- 
lar pathogenesis has been proposed. The 


‘angiograms. of patients with limb-girdle 


dystrophy, facioscapulohumeral dystro- 
phy, and Friedreich’s ataxia were also 
normal. 

(Arch Neurol 35:224-227, 1978) 
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yotonic dystrophy is a multi- 
system disorder inherited as an 
autosomal dominant trait. Although 
progressive weakness, wasting, and 
myotonia of striated muscle are prin- 
cipal manifestations of the disease, 
abnormalities occur in other tissues.’ 
Involvement of the cardiopulmo- 
nary^' endocrine,** and skeletal sys- 
tems** is well known as is the associa- 
tion with alopecia,’ testicular atro- 
phy, disturbances of smooth muscle 
motility,"* ocular changes (particu- 
larly subcapsular irridescent cata- 
racts),*'"' and an increased catabolism 
of IgG." 

The status of the vasculature in this 
disorder has not previously been 
extensively studied. The transparent 
media of the eye allow unparalled 
observation of the microcirculatory 
system in vivo. Using the compara- 
tively new technique of anterior 
segment fluorescein angiography,'*" 
we have studied the iris vessels in 
patients with several neuromuscular 
diseases and compared them with 
those of healthy control subjects. Our 
findings prompt this report. 


MATERIALS AND METHODS 


A modified slit lamp and power flash 
unit capable of taking two photos per 
second was used to record fluorescein 
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passage. The fluorescein was excited by 
placing a 490-nm filter in front of the flash 
and the emission was recorded on film 
after passage through a 490-nm barrier 
filter (matched to excition filter). 

Patients for this study were recruited 
from among those being observed at the 
University of Arizona Clinic for Neuro- 
muscular Disorders in Tucson. All had 
previously undergone complete diagnostic 
evaluation. Eighteen patients had myo- 
tonic muscular dystrophy, nine had Du- 
chenne’s dystrophy, five had limb-girdle 
dystrophy, two had facioscapulohumeral 
dystrophy, and one had Friedreich’s ataxia. 
No patients with evidence of diabetes or 
respiratory failure or who had under- 
gone eye surgery were included. Fourteen 
healthy volunteers served as controls. The 
study was performed with informed con- 
sent after the nature of the procedure had 
been fully explained. Each subject first had 
a slit lamp examination, and color photo- 
graphs of the irides were taken. A bolus of 
3 ml of 25% sodium fluorescein was then 
given intravenously in the antecubital vein 
as rapidly as possible. Due to the rapidity 
of fluorescein passage through the iris 
vasculature, the photography sequence was 
begun after a ten-second interval to allow 
for arm-eye circulation delay and then 
continued until the entire film was 
exposed. Initially, photographs were taken 
at 0.5- to 1.0-second intervals for 15 
seconds, then at two-second intervals for 30 
seconds, and at intervals of five seconds 
until 36 frames were taken. In this manner, 
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the dynamics of the iris circulation could be 
examined early while intravascular fluo- 
rescein concentration was at a maximum 
and leakage into the extravascular space 
could be photographed late when intravas- 
cular dye had disappeared. This eliminated 
the need to change film during the proce- 
dure, since virtually all fluorescein disap- 
pears from the iris within 90 seconds of 
injection. 


RESULTS 


All subjects tolerated the procedure 
well. Only one experienced any ad- 
verse reaction to the dye, consisting of 
a transient episode of nausea that 
lasted less than two minutes. The 
results are summarized in the Table. 
The procedure was technically satis- 
factory in 29 of the 49 subjects stud- 
ied. These individuals either had blue 
or lightly pigmented brown irides. In 
the remainder of the subjects, all of 
whom had dark brown irides, no 
intravascular fluorescein could be de- 
tected in the photographs. Abnormali- 
ties were present in the fluorescein 
angiograms of all nine of the myo- 
tonic dystrophy patients in which the 
iris vasculature could be seen. No 


these capillaries began diffusing into 
the extravascular space almost imme- 
diately, producing a halo of dye 
around the pupil at about 30 to 45 
seconds after injection (Fig 1, right). 
All of the fluorescein had usually 
disappeared from the iris approxi- 
mately 90 seconds after first ap- 
pearing. 

A variety of abnormalities, both 
generalized and focal were found in 
patients with myotonic dystrophy. 


Generalized 
Irregularity of radial vessels 
Increased tortuosity of radial vessels 
Slower circulation 
Focal 
Iris stromal vessels (four cases) 
Early extravasation of fluorescein 
Marked tortuosity or “kinking” 
Fluorescein leaks—“hot spots” 
Peripupillary (five cases) 
Tufting 
“Hot spots” 
Diffuse leakage from capillary 
arcade 
Peripheral diffusion—“spoking” 


In all myotonic patients, the radial 
vessels appeared more irregular in 
caliber and seemed to follow a more 
tortuous course than in other subjects. 
In addition, the fluorescein often 
appeared later and disappeared more 
slowly from the iris vessels in these 
individuals. 

Focal vascular abnormalities and 
extravascular leakage of fluorescein 
were noted in each of the nine 
patients with myotonic dystrophy in 
whom the fluorescein was visible. In 
four, these were confined to stromal 
vessels that either formed a part of 
the lesser arterial circle or branched to 
feed such vessels (Fig 2). On first 
appearance of the dye, localized parts 
of the vessels simply appeared unusu- 
ally fluorescent in some cases, while in 
other instances, they appeared highly 
tortuous or “kinked” (Fig 2, left). 
Almost immediately, however, as fluo- 
rescein leaked through the vessel wall, 
details became obscured, and the 
abnormality took on the appearance 





Results of Anterior Segment Angiography 


abnormalities were found in any of 
the other subjects. 

The normal pattern of iris vascula- 
ture as seen in a control subject is 
illustrated in Fig 1. Fluorescein usual- 
ly first appeared in the radial arteries 
of the iris between 19 and 25 seconds 
and rapidly progressed to capillaries 
located at the pupillary margin (Fig 1, 
left) and five to eight seconds later, 
could be seen in the radial venules. 
These radial vessels normally followed 
a relatively direct route through the 
stroma, although in some individuals, 
mild to moderate tortuosity was pres- 
ent. Frequently, branching of radial 
arteries peripheral to the pupil 
created a variably intact, lesser 
arterial circle. In no subjects other 
than those with myotonic dystrophy 
were localized irregularities or leak- 
age found. 

Initially, fluorescein in the peripu- 
pillary capillaries appeared as sharply 
circumscribed, intensely fluorescent 
spots, irregularly located throughout 
the cireumference of the pupil. These 
capillaries were often aggregated in 
local concentrations, sometimes leav- 
ing large "skip" areas. Fluorescein in 


No. of 
Patients With 
Abnormalities 


No. of 
Patients 
Studied 


Technically 
Satisfactory 
Diagnosis Procedures 
Normal 

Myotonic muscular dystrophy 

Duchenne's dystrophy 

Limb-girdle dystrophy 

Facioscapulohumeral dystrophy 


Friedreich's ataxia 





Fig 1.—Left, Negative print of early fluorescein angiogram showing vascular pattern in 
iris of 34-year-old normal woman. Fluorescein fills radial arteries and is already apparent 
in numerous peripupillary capillary beds (arrow) in this patient at 20.1 seconds. (Large 
round and rectangular spots in this and subsequent photos are light reflex artifacts.) 
Right, At 38.1 seconds, dye has begun to fade in radial vessels, and diffusion from 
peripupillary capillary beds produces a '"smudging'' effect in localized areas throughout 
pupillary margin (arrow). 
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of a “hot spot” (Fig 2, right), with 
gradual fading as the intravascular 
dye disappeared. 

In the remaining five patients, 
vascular abnormalities were loealized 
to the peripupillary region. The loca- 
tion in four suggested focal abnormal- 
ities of the capillary arcade, which in 
one patient (Fig 3), could be visualized 
as a tuft instead of the normal arterio- 
lar-venular loop. In another patient 
(Fig 4), this tuft actually projected 
beyond the iris into the pupillary 
space. As was the case with the 
stromal vascular anomalies, dye 
leaked rapidly from these tufts, 
creating intense fluorescent spots, 
only to fade with the disappearance of 
the intravascular dye. 

In two patients, fluorescein leakage 
from the pupillary arcades was more 
diffuse. This was manifested in one 
patient as extensive and early gener- 
alized fluorescein diffusion in this 
area (Fig 5, left), which almost imme- 
diately obscured the visualization of 
individual vessels. In another patient, 
however, similar rapid diffusion led to 
a "spoking" pattern, as the dye tended 
to diffuse peripherally rather than 
remaining concentrated near the pu- 
pillary margin (Fig 5, right). 


COMMENT 


In the one previously published 
report of anterior segment angiog- 
raphy in myotonic dystrophy, Cobb et 
al'^ described abnormal vascular tufts 
at the pupillary margin in five of the 
ten patients studied. They did not 
examine patients with other neuro- 
muscular disorders. Because lenticular 
opacities are so consistently seen in 
myotonic dystrophy, ophthalmologists 
have long been familiar with the 
disease.^ In addition to cataracts, 
changes which have been reported 
include ptosis, blepharitis, decreased 
lacrimation, ocular hypotony, abnor- 
mal pupillary reactions, macular 
anomalies, corneal changes, abnormal 
extraocular muscle function, de- 
creased retinal sensitivity, and abnor- 
mal electroretinograms.'*"' 

It appears likely that myotonic 
muscular dystrophy represents a 
widespread disorder of cell mem- 
branes.'*'* The results of the present 
study are consistent with this concept. 
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Fig 2.—Left, At approximately 30 seconds after fluorescein injection, in area of unusual 
vascular tortuosity just peripheral to nearly complete lesser iris circle, abnormal 
fluorescein leak is apparent (arrow) in this 31-year-old man with myotonic dystrophy. 
Right, Fluorescein leak appears as more diffuse smudge (arrow) at 51.2 seconds, but no 
abnormality of the peripupillary capillaries is visible (same patient as in Fig 1). 





Fig 3.—This 48-year-old woman with myo- 
tonic dystrophy had midfluorescein pass 
showing two abnormal capillary tufts 
leaking extensively at 11:30 position 
(arrow). These are located just peripheral 
to pupillary margin. 


Fig 4.—This 23-year-old man with myo- 
tonic dystrophy had large leaking peripu- 
pillary tuft of capillaries that actually 
projected into pupil (arrow). He was the 
brother of patient shown in Fig 3. 


Fig 5.—Left, Diffuse leakage of fluorescein from peripupillary capillaries at approximately 
30 seconds after injection in 21-year-old woman with myotonic dystrophy. This dye 
extravasation was apparent as soon as it reached capillaries and so extensive that no 
details of vasculature could be seen. Right, Stromal vessels were difficult to visualize in 
the darkly pigmented iris of this 44-year-old myotonic patient. Late in the fluorescein 
pass, extensive peripupillary leakage appeared just peripheral to pupil margin. However, 
instead of appearing in localized areas (Fig 4), extravascular dye was more diffuse and 


linear as it moved peripherally, creating a ‘‘spoking”’ pattern. 
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Auditory Nerve and Brain Stem Responses 


Comparison in Awake and Unconscious Subjects 


Haim Sohmer, PhD; Mikhal Gafni, MSc; Roland Chisin, MD 


€ The recording of auditory nerve and 
brain stem responses to click stimuli is 
being used for the diagnosis of several 
conditions such as suspected hearing 
loss and suspected neurological disor- 
ders. The responses obtained in the 
patient group (often infants and children) 
are compared with those obtained in 
normal subjects of similar age who, for 
ethical reasons, are not sedated. In this 
study, recordings were made in normal 
subjects while they were awake and when 
they were unconscious in drug-induced 
sleep (being prepared for dental surgery). 
No significant difference could be ob- 
served between the recordings obtained 
in the awake state and when unconscious 
in the same subjects. Therefore, one is 
justified in using recordings made in 
awake subjects as controls for recordings 
made in other unconscious patients. 

(Arch Neurol 35:228-230, 1978) 


any institutions presently use 
the surface recording of au- 
ditory nerve and brain stem responses 
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to click stimuli for diagnosis of neuro- 


logical disorders"? and for diagnosis 


of hearing loss.*^ The subjects un- 
dergoing such tests are most often 
infants and children in whom the 
recordings are made in sedated 
sleep"*?^ or in coma. The traces 
obtained in such patients are usually 
compared with those obtained in a 
control group of normal children of 
similar ages but awake and unse- 
dated. One may question whether such 
controls are adequate since most of 
the experimental group is unconscious 
(eg, asleep) while the control group is 
awake. Ethical considerations prevent 
the sedation of normal children so that 
they may serve as more adequate 
controls. The purpose of this study is 
to compare recordings made in the 
same children when awake and again 
when unconscious (in sedated sleep) 
while being prepared for dental 
surgery. 


METHODS 
Subjects 


Recordings were made in six cooperative 
children, 5 to 10 years of age, who were 
being prepared for oral surgical procedures 
in the Department of Oral Maxillofacial 
Surgery. Each child received one rectal 
suppository containing thiopental sodium 
(500 mg), opium alkaloid : hydrochloride 


(7.5 mg), and scopolamine hydrobromide 
(0.33 mg).° After insertion of the supposi- 
tory, recordings were commenced immedi- 
ately while the children were still awake 
and the recordings were continued into the 
period of sleep. 


Stimulating and Recording 
Procedures 


The acoustic stimuli were 10 to 20/sec 
clicks, 75 dB in intensity above the thresh- 
old of the normal population, generated in 
earphones in a headset applied to the 
subject. The responses were recorded as 
the potential difference between an ear- 
lobe clip electrode and a scalp vertex disk 
electrode. The electrical activity was 
filtered (bandpass 250 Hz to 5,000 Hz), 
amplified, and averaged (N — 1,024) by an 
average response computer. 


Test Procedure 


Recordings were carried out and 
responses obtained in the children being 
prepared for dental surgery when they 
were awake, prior to any effect of medica- 
tion, and continued until after the subjects 
had fallen soundly asleep (15 to 45 
minutes) The electrodes and earphones 
were in place throughout the entire 
period. 

The traces obtained in the two states 
(awake and unconscious) then were com- 
pared. The first recording trace obtained 
(generally from each ear) in the awake 
state was compared with the final trace 
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Successive average responses from au- 
ditory nerve and brain stem nuclei to 75 dB 
hearing level clicks from a 6-year-old girl 
while awake and when in sedated sleep. 
Response waves have been labeled in the 
first trace shown from the left ear. (Some 
workers refer to waves 4a, 4b, and 5 as 
waves 4, 5, and 6, respectively.) Times 
indicate minutes after insertion of supposi- 
tory. Note that no difference can be seen 
between the traces recorded in the awake 
state and those in sedated sleep. 





Awake, 11 ears 
Sedated sleep, 11 ears 


t values, df = 10 
P < (two-tail) 
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*Probability values from t test show no difference between the two states. 


obtained during sleep from the same ear in 
the same subject. On the average, a 30- 
minute period elapsed between these two 
recordings and a 10-minute period elapsed 
between the beginning of sleep and the 
last sleep recording trace. The following 
measurements were taken: absolute laten- 
ey of each of the five response waves 
(Figure), the time difference between the 
earlobe positive wave (downward-going) 
following the fourth wave, and the first 
earlobe negative wave (upward-going, de- 
fined as brain stem transmission time), 
and the absolute amplitude of the five 
response waves. Each variable obtained in 
the two states was compared using a two- 
tail probability t test. In making measure- 
ments from the photographs of the 
response traces, one must allow for an 
error of approximately 0.1 msec and 0.1 
aV. 


RESULTS 


No significant difference could be 
observed between the recordings ob- 
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tained in the awake state and in the 
same subjects when they were in 
sedated sleep. No change was seen in 
the latencies of the various response 
waves and, in most cases, the ampli- 
tudes were also identical. The figure 
shows the responses in a 6-year-old (20 
kg) dental patient while awake and 
when asleep. Wave 1 is the compound 
cochlear action potential; wave 2, the 
response from the cochlear nucleus; 
wave 3, from the region of the 
superior olivary complex; and waves 4 
and 5, from the region of the inferior 
collieulus.*** Note that the two sets of 
recordings (awake and asleep) are 
identical. 

The behavior of one of the children 
in the dental patient group was 
consistent with that described as 
minimal brain dysfunction. The re- 
sponse pattern obtained was identical 
in the awake and sedated sleep 
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states. 

The Table shows the calculated 
averages, standard deviations, and t 
values for the measured variables 
(two-tail probabilities). This test 
shows that there is no significant 
difference between the two states. 


COMMENT 


In this study it was found that 
sedated sleep has no effect on the 
evoked responses of the auditory 
nerve and brain stem auditory nuclei 
as seen when recordings under this 
condition are compared with those 
obtained in the same subject in the 
awake state. During surgical levels of 
anesthesia in rats and cats, the ampli- 
tude of the response waves was 
decreased.’ In most routine recordings 
made in human subjects, surgical 
levels of anesthesia are never reached; 
so in this study, recordings were not 
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made in the state of surgical anesthe- 
sia. The nature of the drug that 
induces sleep seems to be irrelevant 
since similar results have also been 
obtained when sleep was induced by 
diazepam or by a rectal suppository 
containing thiopental, opium alka- 
loids, and scopolamine, each of which 
has some sedative effect. 

Similar auditory nerve and brain 
stem responses have been recorded in 
the awake state and again during 
spontaneous sleep. There was no 
difference in the latencies and ampli- 
tudes of the response waves in these 
two states.’ 

This absence of effect on the 
peripheral responses (auditory nerve 
and brain stem) in human subjects 
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was expected" but had not been 
demonstrated. Some recordings of 
peripheral responses in animals have 
been made with somewhat similar 
results." Also, a coma case has been 
reported in which peripheral 
responses obtained in the comatose 
state were similar to the responses 
obtained in the same patient after he 
had regained consciousness.” (On the 
other hand, it has been demonstrated 
many times that the cortical evoked 
responses to sound stimuli in human 
subjects undergo large changes be- 
tween the awake state and the 
sleeping state whether this is sponta- 
neous or drug induced.'*) 

These results also have bearing on 
the function of the efferent pathway 
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to the cochlea, the olivocochlear bun- 
dle, electrical stimulation of which 
causes suppression of the auditory 
nerve response.'*^'* This pathway is 
either not very active in awake 
subjects or its activity is not reduced 
in the unconscious state. 

In conclusion, since no difference is 
seen in the auditory nerve and brain 
stem responses between awake and 
unconscious states, one is justified in 
using recordings made in awake 
subjects as controls for recordings 
made in other unconscious subjects. 
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Prenuclear Paresis of Homolateral 


Inferior Rectus and Contralateral 


Superior Oblique Eye Muscles 


Otmar Meienberg, MD; Jens Róver, MD; Guntram Kommerell, MD 


* In a case of left inferior rectus pare- 
sis, itis demonstrated that the lesion must 
be prenuclear. On downward gaze, the left 
eye, although it reached the required 
target with a rapid saccade, drifted back 
towards the midline immediately after- 
wards. During the drift, several corrective 
saccades appeared. A dissociated “‘gaze 
paretic" nystagmus resulted. Synchro- 
nously, the right eye showed an incyclo- 
rotary nystagmus. We suspect a lesion of 
“tonic” fibers supplying the nuclear 
region of the left inferior rectus and the 
right superior oblique muscle. 

(Arch Neurol 35:231-233, 1978) 


he vast majority of pareses of 
individual extraocular muscles 
can, without doubt, be traced back to 
lesions at a nuclear or more peripheral 
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site. Internuclear ophthalmoplegia’? 
and monocular paresis of the superior 
rectus with preservation of Bell’s 
phenomenon** are, however, well- 
known instances of the fact that 
pareses of individual ocular muscles 
may also occur from supranuclear 
origin. In 1939, Bielschowsky? wrote 
of the problem: "Theoretically, su- 
pranuclear paralyses of the other indi- 
vidual ocular muscles (other than 
internal rectus in internuclear oph- 
thalmoplegia, or superior rectus) are 
quite conceivable, but there is no way 
of differentiating between supranu- 
clear and peripheral disturbances of 
those muscles, because they do not act 
as parts of different mechanisms in 
anything like the same degree as the 
internal rectus muscles act in lateral 
and in convergence movements, or as 
elevators act in obeying the elevation 
impulse and the impulse to shut the 
eye." 

Nevertheless, Jampel and Fells’ 
described seven patients with a prenu- 
clear monocular elevation paresis, in 
which the movement in Bell's phenom- 


enon was reduced to the degree of the 
weakness for voluntary movement. In 
these cases, a prenuclear lesion was 
suggested because the vertical imbal- 
ance was restricted to the upper field 
of gaze, with the eyes level in the 
primary position. 

Our patient with a left inferior 
rectus and a right superior oblique 
paresis is a further example of a 
prenuclear disturbance affecting indi- 
vidual eye muscles. Here, the as- 
sumption of a prenuclear lesion is 
based on the observation that only 
tonie innervation was impaired, while 
phasic function was preserved. 


REPORT OF A CASE 


A 23-year-old patient had a history of 
double vision for three days on left down- 
ward gaze. Examination disclosed a moder- 
ately strong, horizontal gaze-evoked nys- 
tagmus to both sides. Abducting and 
adducting saccades of both eyes showed 
normal velocity and amplitude. In the 
primary position, no spontaneous nystag- 
mus was found, not even in darkness. On 
left downward gaze, a severe dissociated 
nystagmus appeared (Fig 1). Although the 
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Fig 1.—Electronystagmogram. Saccade of 50? downwards. 
Left eye also makes a saccace of normal velocity and 
amplitude. Subsequently, backdrift occurs, with repeated 


corrective saccades. 





left eye reached even extremes of position, 
with saccades of a normal velocity, it 
nevertheless drifted back towards the 
midline immediately afterwards in an 


exponential time course. This backward 


drift was repeatedly interrupted by correc- 
tive saccades that, however, did not bring 
the eye back to its intended position. A 


lasting position lag affecting the left eye 


resulted, hence the double vision (Fig 2). A 
saccade of normal size and velocity with an 
ensuing "gaze-paretic" nystagmus oc- 
curred each time the patient intended to 
refixate from the primary position into the 
lower field of gaze. An electromyogram of 
the left inferior rectus showed a typical 
nystagmus pattern but provided no further 
information. In the right eye, only on 
downward gaze, an incyclorotary nystag- 


mus was found, synchronous with the 


vertical nystagmus of the left eye. During 
its slow phase, the right eye drifted 
towards excyclotropia. Ten milligrams of 
edrophonium chloride intravenously did 
not change this pattern. Diplopia was 
measured using a tangent screen with a 
red filter in front of the right eye. The 
double images corresponded to an eleva- 
tion of the left eye in all directions of gaze. 
The greatest separation (13?) occurred in 
left downward gaze, the smallest (4?) in 
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right upward gaze. In all other respects, 
the ophthalmological and neurological 
findings were unremarkable. The EEG and 
computerized tomographic scans were nor- 
mal. Spontaneous recóvery occurred grad- 
ually over three months. A first manifesta- 
tion of multiple sclerosis was suspected. 


COMMENT 


The patient described double vision 
consistent with a paresis of the left 
inferior rectus. Yet examination 
showed that targets in the extreme 
lower visual field were reached even 
by the left eye, with a saccade of 
normal velocity, so that at the end of 
the saecade, both eyes were aligned. 
The target position could not, how- 
ever, be held. The left eye drifted 
towards the primary position immedi- 
ately after the end of the saccade. 
This backdrift was repeatedly inter- 
rupted by corrective saccades that did 
not, however, manage to bring the eye 
into its intended position. Thus, the 
pattern of a gaze paretic nystagmus 
of the left eye resulted. During assess- 
ment on the tangent screen, the 
patient was not aware of any appar- 








Fig 2.—Top, In primary position, no manifest (only latent) devia- 
tion. Center, In left downward saccade, left eye reaches target. 
Bottom, Immediately after saccade, left eye drifts towards primary 


ent movement in the image of the left 
eye. He presumably localized the 
image at the end of each slow phase of 
his nystagmus. In the right eye, only 
on downward gaze, an incyclorotary 
nystagmus was noted synchronous 
with the vertical nystagmus of the left 
eye. During its slow phase, the right 
eye drifted towards excyclotropia. 
The findings can be interpreted as a 
weakness of tonic innervation of the 
left inferior rectus and the right 
superior oblique muscles. Phasic in- 
nervation in both of these ocular 
muscles was, on the other hand, intact, 
as demonstrated by the normal veloci- 
ty and amplitude even with extremely 
large saccades. In our opinion, the fact 
that only the tonic function was 
affected permits the conclusion that a 
supranuclear lesion must have been 
the underlying cause. In the case of 
peripheral neurogenic or myogenic 
paresis, a disturbance of both the 
tonic and the phasic functions would 
have been expected.*" Myasthenia 
gravis is largely excluded in our case 
by the Tensilon test and by sponta- 
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Fig 3.—Presumptive site of lesion. Tonic 
fibers ascending from left vestibular 
nucleus to left trochlear nucleus and left 
inferior rectus subnucleus are interrupted 
before they enter the medial longitudinal 
fasciculus (MLF). How information from 
vertical gaze center in mesencephalic re- 
ticular formation (MRF)'*" is transferred to 
vestibular nucleus is not yet known. N III 
indicates oculomotor nuclear complex.” N 
IV, N VI, and N VIII are simple nuclei. 


neous remission within three 
months. 

We suggest that the lesion respon- 
sible for the motility disturbance 
interrupted fibers ascending from the 
left vestibular nucleus to the nuclei 
that innervate the left inferior rectus 
and the right superior oblique muscles 
(Fig 3). Such fibers have been demon- 
strated anatomically. Szentágothai'" 
found extensive cell degeneration in 
both the ipsilateral subnucleus for the 
inferior rectus and the ipsilateral 
trochlear nucleus following lesions of 
the lateral vestibular nucleus in cats. 


Carpenter“ demonstrated in the mon- 
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key that the efferent fibers of the 
upper vestibular nucleus ascend exclu- 
sively in the ipsilateral medial longi- 
tudinal fasciculus (MLF) and only 
influence ipsilateral ocular muscle 
nuclei. The most significant projec- 
tions went to the trochlear nucleus 
and the inferior rectus subnucleus. 
The function of these fibers has been 
investigated neurophysiologically in 
the monkey.'^'* Almost half of all the 
fibers in the medial longitudinal fas- 
ciculus are involved in vertical ocular 
movements. These fibers transmit 
those signals from the vestibular 
nucleus to the ocular muscle nuclei 
that maintain vertical eye deviations. 
These “tonic” signals can be affected 
not only by the peripheral vestibular 
apparatus but also by the visual 
system. In the monkey, lesions of 
these fibers have been shown to 
produce a "gaze paretic" nystagmus 
similar to that seen in our patient." 
Corresponding to a bilateral interrup- 
tion of the MLF in the experimental 
animal, an associated nystagmus was 
found in both eyes. In our patient, on 
the other hand, we suspect a unilateral 
lesion that may explain why the dis- 
turbanee was confined to the ipsilat- 
eral inferior rectus and the contra- 
lateral superior oblique. Sinee in- 
ternuclear ophthalmoplegia was not 
present, a lesion of the MLF is 
unlikely. We therefore presume that 
the fibers ascending from the vesti- 
bular nucleus were interrupted before 
entering the MLF (Fig 3). 


This investigation was supported by the 
Deutsche Forschungsgemeinschaft SFB 70, B4. 
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Reversible Effect of Dantrolene Sodium 
on Twitch Tension of Rat Skeletal Muscle 


Basilio A. Kotsias, MD, Salomon Muchnik, MD 


è The effect of dantrolene sodium on 
twitch tension in skeletal muscle of the rat 
was studied in short- and long-term exper- 
iments. The twitch tension is reduced to 
50% of the control values within 20 to 30 
minutes of drug administration. The 
recovery phase is considerably slower 
than the effect observed on the addition of 
dantrolene sodium, having a half time of 
10 hours. Twenty-four hours after the drug 
injection, the twitch tension in the treated 
. muscles is indistinguishable from that in 
the controls. It is shown that the reduction 
in the magnitude of the twitch produced 
by dantrolene sodium is slowly and 
completely reversible. 

(Arch Neurol 35:234-236, 1978) 
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|f. erae sodium is a muscle 
relaxant introduced for the 
treatment of disorders of the nervous 
system characterized by increased 
muscle activity.'* It has been found to 
be successful in the treatment of the 
syndrome of malignant hyperpyrexia, 
occurring under general anesthesia.’ 
Previous data have shown that the 
effect of dantrolene on rat diaphragm 
is not significantly reversed by 30- 
minute washout.’ Longer experi- 
ments carried out in frog sartorius 
muscle indicated that full recovery is 
obtained in about three hours after 
the start of the washout in this prepa- 
ration." Furthermore, Hainaut et al," 
using single fibers from frog semiten- 
dinosus, observed a much faster recov- 
ery (30 to 60 minutes). The aim of this 
work was to study the mechanical 
response of rat muscles and to test 
whether this response is reversibly 
modified by the action of dantrolene 
in short-term experiments (up to 60 to 
80 minutes) and long-term experi- 
ments (up to 24 hours). 
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MATERIALS AND METHODS 
Short-Term Experiments 


Wistar rats weighing 150 to 180 gm were 
used. The animals were anesthetized with 
pentobarbital sodium (50 mg/kg), injected 
intraperitoneally, and their extensor digi- 
torum longus and soleus muscles dissected 
and placed in a muscle bath. The bath was 
filled with 3 ml of Krebs-Ringer solution 
through which 95% O, and 5% CO, was 
bubbled and was kept at a constant 
temperature of 30 C. The distal tendon was 
clamped with a stainless steel clip. The 
proximal tendon was connected to a force 
transducer to estimate isometrie twitch 
tension. All recordings were made on a 
polygraph. The muscles were stimulated 
with square supramaximal pulses delivered 
through platinum field electrodes placed 
parallel to the long axis of the muscle 
(frequency was l/sec; duration, 2 to 5 
msec). Several minutes after placing the 
muscle in the standard saline-filled experi- 
mental chamber, its length was adjusted to 
give a maximum twitch tension"; further 
technical details are given elsewhere.'* 
Solutions containing dantrolene sodium 
(2.5 to 20 ug/ml) were freshly prepared 
before each experiment. The pH of these 
solutions was 7.4. Twitch responses were 
recorded first in normal Ringer's solution 
and later on in dantrolene-Ringer's solu- 
tion. 


Long-Term Experiments 


To study the long-term effect of dantro- 
lene, the drug was injected intravenously 
(tail vein) in a group of rats (20 mg/kg). At 
different periods of time after the injec- 
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Fig 1.—Short-term experiments. Effect of dantrolene sodium on twitch tension (extensor 
digitorum longus and soleus muscles). Experimental points represent mean values of 
five muscles (12 twitches each), expressed as percentage of control values. Vertical bars 
represent 1 SEM. Arrow indicates end of exposure to dantrolene; square, control 
muscles (N = 14); solid triangle, 2.5 ug/ml of dantrolene sodium; open circle, 5 ug/ml of 
dantrolene sodium; solid circle, 10 ug/ml of dantrolene sodium; open triangle, 20 ug/ml 
of dantrolene sodium. 
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Fig 2.—Long-term experiments. Effect of dantrolene sodium (20 mg/kg) on twitch 
tension at various times after injection of drug (12 experiments). Values given are means 
+ SEM. In order to compare twitch tension from muscles of different sizes, tension was 
expressed in gm /mg of muscle, and values so obtained are presented as percentage of 
mean twitch tension from 12 normal muscles (C). 
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tion, the mechanical performance of mus- 
cles from these animals was studied in 
vitro as described above. 


RESULTS 
Short-Term Experiments 


It is clear that in a 5- to 20-ug/ml 
concentration range of dantrolene 
sodium, the twiteh is reduced about 
50% of the normal response (Fig 1). 
This represents the maximum inhibi- 
tion of the mechanical response. From 
the data in Fig 1, it can be estimated 
that a dantrolene sodium concentra- 
tion of 3 ug/ml produces half the 
maximum inhibition. In agreement 
with the results of Kurihara et al,'' no 
appreciable recovery was observed, 
even after washout periods of 60 to 80 
minutes. 


Long-Term Experiments 


Figure 2 shows the twitch tension 
values of muscles dissected at various 
times after the intravenous injection 
of dantrolene. It can be seen that at 
the 30-minute mark, the effect is 
similar to the maximum obtained by 
superfusion of muscles in vitro with 
Ringer’s solution containing 5 pg/ml 
or more of dantrolene sodium. It is 
also clear that the recovery phase is 
considerably slower than the effect 
observed on the addition of dantrolene 
sodium, having a half time of ten 
hours. This is consistent with a half 
life of dantrolene in plasma of 7 to 9 
hours previously reported in hu- 
mans. The therapeutic doses of 
dantrolene sodium vary between 1 
and 12 mg/kg. It has been shown that 
a single oral dose of 1 to 3 mg/kg 
produces a peak concentration in 
plasma of 1.5 to 3.0 ug/ml.'^" The 
concentrations used in this study, 
therefore, are well within the plasma 
levels of the drug used in clinical 
applieations. Dantrolene neither af- 
fects neuromuscular transmission nor 
the electrical properties of skeletal 
muscle.'''**° Because of its generally 
accepted role in the modulation of free 
intracellular Ca** for muscle contrac- 
tility through excitation-contraction 
coupling, the sarcoplasmic reticulum 
has been suggested as a site at which 
dantrolene may act to reduce the 
amount of Ca** released from mem- 
branes for the subsequent contractile 
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event.’****"*5 More recently, Morgan 
et al" have shown that the effect of 
dantrolene is competitively antago- 
nized by calcium ionophore A 23187, 
which is believed to release Ca** from 
the sarcoplasmic reticulum. They con- 
clude that dantrolene acts to cause 
muscular relaxation by interfering 
with excitation-contraction coupling 
at no fewer than two sites: the sarco- 
plasmic reticulum and the voltage- 
dependent charge movement in the 
tubular system. Whether the slow 


1. Snyder HRJ, Davis CS, Bickerton RK, et al: 
1(5-Aryl-furfurylidene amino) hidantoine: A new 
class of muscle relaxants. J Med Chem 10:807-810, 
1967. 

2. Chyatte SB, Birdsong JH, Bergman BA: 
The effects of dantrolene sodium on spasticity 
and motor performance in hemiplegia. South Med 
J 64:180-185, 1971. 

3. Gelenberg AJ, Poskanzer DC: The effects of 
dantrolene sodium on spasticity in multiple scle- 
rosis. Neurology 23:1313-1315, 1973. 

4. Basmajian JW, Super GA: Dantrolene 
sodium in the treatment of spasticity. Arch Phys 
Med Rehabil 54:60-64, 1973. 

5. Chipman M, Kaul S, Lambie M: Efficacy of 
dantrolene sodium in the treatment of spasticity. 
Dis Nerv Syst 35:421-431, 1974. 

6. Dykes MHM: Evaluation of a muscle relax- 
ant Dantrium (dantrolene sodium). JAMA 
231:862-864, 1975. 

7. Herman R, Mayer N, Mecomber SA: Clinical 
pharmaco-physiology of dantrolene sodium. Am 
J Phys Med 51:296-311, 1972. 

8. Ladd H, Oist C, Jonsoon B: The effect of 
Dantrium on spasticity in multiple sclerosis. Acta 
Neurol Scand 50:397-408, 1974. 

9. Schmidt RT, Lee RH, Spehlmann R: 
Comparison of dantrolene sodium and diazepam 


236 Arch Neurol—Vol 35, April 1978 


Sele EON Oy Sige a Sa ang 3 


recovery represents the time course of 
dantrolene release from muscle bind- 
ing sites, the plasma clearance of 
dantrolene, or both remains to be 
shown. Certainly, the in vitro experi- 
ments suggest that a slow release of 
DS from the muscle would play a 
relevant role in the sluggishness of 
the recovery process. The finding that 
even at the highest concentrations 
used, dantrolene cannot completely 
abolish the twitch tension” is in line 
with the reported inability of dantro- 


References 


in the treatment of spasticity. J Newrol Neuro- 
surg Psychiatry 39:350-356, 1976. 

10. Harrison GG: Control of the malignant 
hyperpyrexia syndrome in MHS swine by dantro- 
lene sodium. Br J Anaesth 47:62-65, 1975. 

11. Kurihara T, Brooks JE: Excitation-contrac- 
tion uncoupling. Arch Neurol 32:92-97, 1975. 

12. Putney JW, Bianchi CP: Site of action of 
dantrolene in frog sartorius muscle. J Pharmacol 
Exp Ther 189:202-212, 1974. 

13. Hainaut K, Desmedt JE: Effect of dantro- 
lene sodium on calcium movement in single 
muscle fibres. Nature 252:728-730, 1974. 

14. Close R: Dynamic properties of fast and 
slow skeletal muscle of the rat during develop- 
ment. J Physiol 173:74-95, 1964. 

15. Kotsias BA, Muchnik S: Muscle mechanical 
changes following denervation and their modifi- 
cation by the use of an inhibitor of RNA synthe- 
sis. Life Sci 17:1277-1286, 1975. 

16. Lietman PS, Haslam RHA, Walcher JR: 
Pharmacology of dantrolene sodium in children. 
Arch Phys Med Rehabil 55:388-392, 1974. 

17. Monster AW, Tamai Y, McHenry J: 
Dantrolene sodium: Its effect on extrafusal 
muscle fibres. Arch Phys Med Rehabil 55:355-362, 
1974. 

18. Heald DE, Matsumoto Y: Inhibition of 


) TR Sa we, ae = tee), Ts 
Se EEE ace AR 


3 Wt t a 
Y è a p x 
av b» 


lene to totally abolish Ca** release 
from isolated sarcoplasmic reticu- 
lum.” 
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Axial Myopia 
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A Neglected Cause of Proptosis 


Robert H. Osher, MD; Jerry A. Shields, MD; Normal J. Schatz, MD 


€ Ten patients who had unilateral prop- 
tosis ranging from 2.5 to 4.0 mm were 
found to have axial myopia confirmed by 
ultrasonography and, in one case, by 
computerized tomography. The historical 
features emphasized include an acquired 
painiess bulging eye, amblyopia, and a 
stable visual acuity. Noteworthy features 
on ophthalmologic examination include a 
difference in visual acuity and refraction 
between the two eyes, a difference in the 
lenses on inspection of the patient's 
glasses, and an ipsilateral myopic fundus. 
Careful history taking, examination, ultra- 
sonographic evaluation, and inspection of 
old photographs will separate this group 
of patients and avoid unnecessary endo- 
crine studies, angiography, and costly 
neuroradiologic investigations. Finally, it 
must be recognized that coexisting dis- 
ease must be evaluated as if the proptosis 
did not exist. 

(Arch Neurol 35:237-241, 1978) 
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Cee proptosis is a clinical 
condition frequently  encoun- 
tered by both opthalmologists and 
neurologists. The neurologic differen- 
tial diagnosis includes sphenoid ridge, 
juxtasellar and optic nerve neoplasms, 
carotid cavernous fistulas, neoplastic 
and inflammatory lesions of the orbit, 
and dysthyroid exopthalmos. 

Axial myopia is one benign entity 
that may cause unilateral proptosis. 
Recognition of its constellation of 
clinical features can avoid unneces- 
sary endocrine studies, angiography, 
and costly neuroradiologie evalua- 
tion. 


REPORT OF CASES 


The following selected reports of cases 
illustrate features common to each of our 
ten subjects: 


CASE 1.—A 17-year-old girl complained of 
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a "bulging" right eye for five years. The 
patient's vision had always been poor in 
this eye. On examination, the right eye was 
4-mm proptotie (Fig 1), and best corrected 
visual acuity was 6/12 with a -—25.00 
sphere. Ocular motility, pupils, and visual 
fields were normal. The right fundus 
showed features of high myopia, while the 
left fundus was normal (Fig 2). Results of 
the remainder of the neurologic examina- 
tion were unremarkable. 

Skull roentgenograms and findings from 
thyroid function studies were normal. 
Ultrasonography, using both the A-scan 
and the B-scan techniques, demonstrated a 
9-mm difference in the axial lengths 
between the two globes. The right eye 
measured 34 mm in length while the left 
eye measured 25 mm (Fig 3). Orbital 
computerized tomography confirmed an 
enlarged proptotic right globe that was set 
deeper within the orbit than its fellow eye 
(Fig 4). 

Ultimately, the proptosis was found to 
be secondary to axial myopia. 

Case 2.—A 17-year-old girl noted vari- 
able drooping of the right eyelid for seven 
months. She was referred to the Neuro- 
ophthalmology Unit when the right eye 
was noted to be proptotic. She had always 
had poor vision in this eye. On examination 
there was 4 mm of proptosis of the globe 
and 3 mm of blepharoptosis of the right 
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Fig 1.—Unilateral proptosis of right eye 
measuring 4 mm (case 1). 










Fg 2.—Left, Tesselated appearance of 
myopic right fundus; right, normal left 
fendus (case 1). 


Fig 3.—Top, A-scan ultrasound technique 
shows 34 mm axial length of right eye and 
25 mm length of left eye. Bottom left, 
Elongated right globe with B-scan, in 
contrast to (bottom right) left globe (case 
9. 
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Fig 4.—Computerized tomography shows 
a proptotic large right eye set deeper into 
the orbit than its fellow eye. Arrows delin- 
eate anterior and posterior limits of globes 
(case 1). 


238 Arch Neurol—Vol 35, April 1978 Axial Myopia—Osher et al 


Fig 5.—Top, right eye shows 4 mm of 
unilateral proptosis with 3 mm of blepha- 
roptosis; bottom, elevation of eyelid 
following edrophonium chloride injection 


i: 
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(case 2). 


Fig 6.—Left, Tesselated myopic right 
fundus; right, normal left fundus (case 2). 


upper eyelid (Fig 5, top). Visual acuity was 
limited to finger counting in the amblyopic 
right eye and 6/6 in the left eye. Ocular 
motility, pupils, and visual fields were 
normal. The right fundus showed the 
features of high myopia while the left 
fundus was normal (Fig 6). 

Administration of edrophoniumchloride 
(Tensilon) promptly resulted in elevation 
of the right upper eyelid (Fig 5, bottom). 
Ultrasonography, using both the A-scan 
and the B-sean techniques, demonstrated 
an elongated right globe, which measured 
29 mm in contrast to 23 mm of the left 
globe (Fig 7). 

A diagnosis of ocular myasthenia gravis 
was established. The 4 mm of proptosis was 
secondary to axial myopia. 

CasE 3.—A 22-year-old woman com- 
plained of decreasing vision in her right 
eye for one year. She had noted bulging of 
this eye for three months, and her medical 
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history showed an amblyopic right eye. On 
examination, the right eye was 4 mm prop- 
totic. Visual acuity was light perception in 
the right eye and 6/7.5 in the left eye. 
Although ocular motility was normal, there 
was a right Marcus Gunn pupillary 
phenomenon. The right fundus showed the 
features of high myopia, while the left 
fundus was normal. Ultrasonography dem- 
onstrated an elongated right globe measur- 
ing 28 mm in contrast to 24.5 mm of the 
left globe. The eye became blind over a 
three-month period. 

Skull roentgenograms showed an en- 
larged right optic canal. Biopsy of the right 
optie nerve demonstrated infiltration by 
sarcoid granuloma. The 4 mm of proptosis 
was due to axial myopia. 


PATIENTS AND METHODS 


The clinical records of patients referred 
to the Ultrasonography Unit of the Retina 


4 








Service for unilateral proptosis, in whom 
the diagnosis of axial myopia was subse- 
quently established, were reviewed. Pa- 
tients whose proptosis was due to the 
macrophthalmos of congenital glaucoma 
were excluded. Each patient was recalled 
and had an ophthalmologic examination, 
including exophthalmometry, external 
photography, and fundus photography. 
Both A-scan and B-scan ultrasonography 
were performed. A computerized tomo- 
gram was obtained in one patient. 


RESULTS 


In ten patients, axial myopia 
accounted for the unilateral proptosis. 
The historical and clinical features are 
summarized in Table 1. The amount of 
proptosis varied from 2.5 mm to 4.0 
mm, but there was a poor correlation 
between the amount of proptosis and 
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Table 1.—Clinical Data in Ten Patients With Unilateral Proptosis Secondary to Axial Myopia* 


Case/Age, 
yr/Sex 


1/17/F 


| 2/17/F 
' 





3/22/F 


4/79/M 


9/15/F 


6/67/F 


"n 7/38/F 


8/35/M 


9/59/F 


10/66/F 


*OD indicates right eye; OS, left eye; OU, both eyes; VA, visual acuity; CF, count fingers; HM, hand movements; LP, light perception; NLP, no light 
erception; MG, Marcus Gunn pupil. 
TAnteroposterior diameter of globe/ultrasonographic findings. 
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History 
Bulging 5 yr, “lazy” 
eye OD 


Variable ptosis 7 mo, 
bulging 1 mo, am- 
blyopia OD 


Gradual visual loss 1 
yr, bulging 3 mo 
OD 


Progressive bulging, 
decreasing vision 
OD 


Bulging 1 yr, ambly- 
opia OS 


Decreasing vision OD 


Poor vision since age 
14 (trauma), worse 
recently OD; bulg- 
ing OS 


Blind many years 
from uveitis OD; 
bulging eye, 
“spots” in vision 
OS 


Vertical intermittent 
diplopia 10 to 12 
yr, prominent eye 
15 to 20 yr, am- 
blyopia OD 


Gradual decrease in 
vision OS, lifelong 
poor vision OD 


Proptosis 
4 mm OD 


2.5 mm OS 


Vision 
6/12 OD (—25.00) 


6/6 OS (—2.25) 


CF 1 ft OD 


LP OD (—12.00) 


6/7.5 OS (—6.00) 


6/30 OS 


6/5 OD 


6/12 OS 


6/18 OS 


6/21 OS 


6/15 OD 


6/30 OS 


Fundi 
High myopia OD 


Normal OS 


High myopia OD 


Normal OS 


High myopia OD 


Normal OS 


Retinal detach- 
ment OD 


Choroidal nevus 
OS 


High myopia, mac- 
ular hemor- 
rhage, posterior 
staphyloma OD 


Normal OS 


Fundus not seen 
OD 


High myopia, pos- 
terior staphylo- 
ma, macular 
hemorrhage OS 


Fundus not seen 
OD 


High myopia, ma- 
cular hemor- 
rhage OS 


High myopia, pos- 
terior staphylo- 
ma OD 


Normal OS 


High myopia, pos- 
terior staphylo- 
ma OD 


Normal OS 


Other 
Findings 


None 


3 mm ptosis OD, 
edrophonium chlo- 
ride test positive 


MG pupil OD, optic 
nerve sarcoid 


Esotropia 


Cataracts OU 


Dense cataract, exo- 
tropia, r MG pupil 
OD 


Phthisis bulbi, dense 
cataract, uveitis OD 


Glaucoma OS 


Left inferior rectus 
paresis 


Dense cataract, MG 
pupil OD 
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A-P Diameter/ 
U-S Findings? 


34 mm OD 


25 mm OS 


23 mm OS 


28 mm OD 


24.5 mm OS 


36 mm OD, poste- 
rior staphyloma 


25 mm OS 


22 mm OD 


24 mm OS 


32 mm OD, poste- 
rior staphyloma 


24 mm OS 


24 mm OD 


33 mm OS, poste- 
rior staphyloma 


26 mm OD, total 
retinal detach- 
ment 


33 mm OS 


31 mm OD 


26 mm OS 


25 mm OS 
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Fig 7.—Top, A-scan 


ultrasonography 
shows 29 mm axial length of right eye and 
23 mm length of left eye. Bottom left, 
Elongated right globe with B-scan con- 
trasts to (bottom right) left globe (case 
2). 


the difference in axial lengths be- 
tween the two globes (Table 2). 


COMMENT 


Axial myopia is a benign cause of 
proptosis characterized by and second- 
ary to elongation of the anteropos- 
terior axis of the globe. 

In our group of ten patients, there 
was no predilection for race or sex. 
Although present at birth, recognition 
of the proptosis could occur at any 
age. 

Exophthalmometric measurements 
were used to document the amount of 
unilateral proptosis. By definition, the 
amount of asymmetry must exceed 2 
mm to be considered pathological." 
The range in this study varied from 
2.5 to 4.0 mm. There was no correla- 
tion between the amount of unilateral 
proptosis and the difference in axial 
length between the two globes (Table 
2) as measured by ultrasonography. 
For example, an eye with 4 mm of 
proptosis could be 9 mm longer than 
its fellow eye. Orbital computerized 
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Table 2.—Proptosis and Difference 
in Axial Lengths 


Difference in 
axial lengths 
of Globes, mm 


Unilateral 


Case  Proptosis, mm 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


—- 





tomography, however, provided the 
explanation. Not only did the anterior 
aspect of the globe protrude, account- 
ing for the proptosis, but the posterior 
aspect of the globe was set deeper into 
the orbit than its fellow eye, account- 
ing for the disparity between axial 
lengths and measured proptosis. (Fig 
4). 

Several historical features should be 
emphasized in establishing a diag- 
nosis of proptosis due to axial myopia. 
Each patient believed that the bulging 
eye was acquired. The bulging eye 
was painless. Most patients had a 
history of amblyopia. Finally, unless 
the axial myopia was complicated by 
macular hemorrhage or another dis- 
ease process, invariably vision was 
stable. 

On examination, the pertinent vi- 
sual findings included a difference in 
visual acuity and refraction between 
the two eyes. The latter was often 
discovered by inspecting the patient’s 
glasses, since one lens was consider- 
ably thicker than the other. Moreover, 
the ipsilateral fundus frequently 
showed the features of high myopia 
while the fellow fundus was normal. 
These fundus changes included a 
tesselated appearance due to in- 
creased visibility of the choroidal 
vessels, posterior staphyloma, and 
stretching of retinal vessels. Occasion- 
ally, macular hemorrhage and pig- 


ment proliferation were seen in the 
foveal region. The optic disk often 
appeared vertically elongated, larger 
than normal, and possessed a crescent 
of exposed sclera temporal to the 
disk. 

Although the diagnosis of proptosis 
secondary to axial myopia can readily 
be established after the history taking 
and examination, the only confirma- 
tory investigative studies that we 
recommend are the inspection of old 
photographs and ultrasonography. 
While the former will document the 
chronicity of the proptosis, the latter 
wil provide measurements  sub- 
stantiating disparate axial lengths. 
This is especially helpful in cases of 
corneal opacification, cataracts, and 
pathological conditions of the vitreous 
where the fundus cannot be seen. 

Finally, it must be realized that this 
entity may occur concurrently with 
other disease processes. If there is a 
history of progressive visual loss or 
defects in color perception, pupils, or 
visual fields found on examination 
that are not explained by local ocular 
disease, the patient’s condition must 
be evaluated as if the axial myopia did 
not exist. This principle is illustrated 
in the third case, where optic nerve 
sarcoidosis was coexistent with prop- 
tosis secondary to axial myopia. 
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Brief Communications and Clinical Notes 


Swine Influenza Vaccination 
in Patients With MBINME Sclerosis 


Colin R. Bamford, MD; William A. Sibley, MD; Jose F. Laguna, MD 


* Swine influenza vaccination was tol- 
erated well by 61 multiple sclerosis 
patients. A new neurologic symptom 
developed in one patient, one noticed the 
recurrence of previous symptoms, and 
two patients experienced systemic signs 
of toxicity. 

(Arch Neurol 35:242-243, 1978) 


Fig 1.—Kurtzke disability Status Scores. Shaded column 
represents number of recipients with multiple sclerosis; 
white column, number of control patients with multiple 
sclerosis. 
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M™ physicians are probably con- 
cerned that they may have 


prescribed and administered swine 
influenza vaccines to multiple scle- 
rosis (MS) patients who could possibly 
have been adversely affected. 

This concern probably stems from 
the surprising reported association 
between this vaccination and Landry- 
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Exacerbating Progressive 
-remitting 
Fig 2.—Course of disease. Shaded column indicates 


number of recipients with multiple sclerosis; white column, 
number of control patients with multiple sclerosis. 
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Guillain-Barre syndrome, a disease 
that has some superficial features in 
common with MS and experimental 
allergic encephalomyelitis (EAE). 


MATERIALS AND METHODS 


The MS clinic at the Arizona Health 
Sciences Center, Tucson, prospectively 
studies 127 patients, who are questioned 
monthly, and then at three-month inter- 
vals are examined and their disability is 
rated, using the Kurtzke Disability Status 
Scale.’ 

A total of 65 patients elected to receive 
the bivalent Victoria A-New Jersey A 
vaccine. The patients were routinely inter- 
viewed during the month following admin- 
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istration and were asked about the devel- 
opment of new neurologic symptoms, the 
increase in rate of deterioration of a 
progressive bout, the development of an 
allergic reaction (urticaria), or a toxic reac- 
tion (headache, fever). 

The remaining 62 MS patients were used 
as controls. The status of disability and 
course of disease of each group were 
contrasted. 


RESULTS 


Of the 65 patients who received the 
vaccine (November and December 
1976), one had the onset of a neuro- 
logie symptom,’ one had a recurrence 
in increased severity of a preexisting 
dysfunction,’ and two had symptoms 
of systemie toxic reactions. There 
were no patients who noted allergic 
manifestations. 

Of the 62 control patients, there 
were two patients who experienced 
new neurologic symptoms, and two 
who noted an increase in the rate of 
development of disability in the two 
months (November, December) dur- 
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tions. Neurology 15:654-661, 1965. 

2. Schumacher G, Beebe G, Kibler R, et al: 
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ing which the study was performed. 

The two groups were reasonably 
matched with regard to the status of 
disability and course of disease of 
their members (Fig 1 and 2). 


COMMENT 


As previously discussed by the 
authors, polyvalent influenza vacci- 
nations in use between 1962 and 1975 
have been tolerated well by most MS 
patients. Febrile reactions occurred as 
frequently in MS patients as they did 
in normal control subjects, however, 
these febrile spells were associated 
with a temporary worsening of MS 
symptomatology due to the well- 
known effect of fever on MS symp- 
toms. This temporary worsening 
should not be confused with an MS 
relapse. The incidence of relapse 
following influenza vaccination was 
compatible with the natural history of 
the disease. 

Myers and Ellison* published the 
results of a double-blind placebo- 
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controlled study that demonstrated a 
lower incidence of relapse in the swine 
influenza-Victoria A vaccine-treated 
group of MS patients than in the 
placebo-treated control group of MS 
patients. They concluded by stating 
that swine-influenza vaccination did 
not pose a serious risk to MS 
patients. 

This present and larger study 
supports the findings of Myers and 
Ellison. Three percent of the re- 
cipients had febrile reactions, an inci- 
dence that is within the expected 
range. The recipient group had .031 
episodes of deterioration per patient- 
month of exposure. The control group 
had .032 episodes of deterioration per 
patient-month of observation. 

Multiple sclerosis patients experi- 
ence the same incidence of toxic reac- 
tions to swine influenza vaccine as 
they do to conventional influenza 
vaccines. The use of this vaccine does 
not seem to influence the course of the 
disease. 
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Spinal Intramedullary Glioblastoma 


With Intracranial Seeding 


Report of a Case 


Augua A. Andrews, MD; Linda Enriques, MD; 
Justin Renaudin, MD; Uwamie Tomiyasu, MD 


e Approximately one year after partial 
removal of an intramedullary glioblastoma 
at T12, a patient was admitted to 
Wadsworth Veterans Administration Hos- 
pital with signs and symptoms of an intra- 
cranial tumor. We describe the unusual 
occurrence of intracranial seeding from 
spinal glioblastoma and review this rare 
condition and the possible mechanism 
involved. 

(Arch Neurol 35:244-245, 1978) 


CES from cerebral glial tumors 
to the spinal subarachnoid space 
is not unusual. On the other hand, 
seeding from spinal cord glial tumors 
to the cerebral subarachnoid space 
and parenchyma has been demon- 
strated only rarely. Our patient illus- 
trates this unusual occurrence. 


REPORT OF A CASE 


A 45-year-old man was examined at 
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another hospital after complaining of 
increasing back pain and progressive 
weakness of both lower extremities for six 
weeks. He was admitted in urinary reten- 
tion on Feb 20, 1974. Weakness and 
areflexia in the lower extremities, saddle 
anesthesia, and a patulous anus were 
observed, but otherwise, the neurological 
examination was normal. A myelogram 
disclosed a complete block at T12. Laminec- 
tomy exposed an intramedullary lesion 
that had produced discoloration of the pia. 
After myelotomy, a grayish-brown friable 
tumor was extruded. Subtotal removal of 
the tumor was performed. The pathologic 
diagnosis was glioblastoma (Fig 1). The 
dura was left open. A moderate parapar- 
esis persisted, with fecal and urinary 
incontinence and sacral anesthesia. The 
patient could walk with assistance. A six- 
week course of radiation therapy delivered 
5,000 rads to the T12 region. He improved 
slightly and was able to walk with a cane. 

In late December 1974, the patient noted 
the onset of increasing bifrontal headaches 
with blurred vision. When admitted to 
Wadsworth Veterans Administration Hos- 
pital in February 1975, he also complained 
of back pain and stiff neck. Examination 
showed an alert man who held his neck 
rigidly. He was afebrile and oriented to 
person, place, month, and year but not to 
day. Subtraction was poor. Visual acuity in 
the left eye was Jaeger 3 and the field of 
vision in that eye was full. There was 
papilledema with a small hemorrhage. The 


left pupil reacted to light directly and 
consensually. The right disk was not seen 
because of a corneal scar. The extraocular 
movements were full, and no other abnor- 
mality of cranial nerve function was pres- 
ent. 

The musculature of the lower extremi- 
ties was weak. Muscle stretch reflexes 
were absent in the lower extremities, and 
the plantar response was equivocal. The 
reflexes in the upper extremities were 
brisk and symmetrical. Sensory examina- 
tion elicited paresthesias to pin stimulus 
below the midleg areas and the feet. There 
was anesthesia in the lower sacral derma- 
tomes bilaterally. Vibratory sensation was 
absent in the toes and knees. Position 
sense of the toes was absent. There was 
spinal tenderness at all levels. 

Computerized tomography disclosed tu- 
mor in the septal region as well as 
increased absoprtion density along the 
medial and lateral border of the right 
lateral ventricle. Hydrocephalus was evi- 
dent. Dexamethasone was administered, 
and radiation therapy to the brain was 
begun on March 10. The patient died on 
March 31, 1975. 

At autopsy, the brain weighed 1,550 gm. 
The leptomeninges at the base showed 
thickened grayish tissue densely adherent 
to underlying brain. The optic nerves 
appeared thickened. There was an irregu- 
larity over the surface of the right cere- 
bellar hemisphere and symmeterical semi- 
translucent grayish expansion of the 


Spinal Intramedullary Glioblastoma—Andrews et al 


TW 


ee s 


Fig 1 Sonaieicroocon of anes spec- 
imen of spinal cord tumor showing moder- 
ate pleomorphism and thin strip of necro- 
sis (hematoxylin-eosin, x 10). 


septum pellucidum (Fig 2, left). The epen- 
dymal lining of the lateral ventricles was 
thiekened approximately 1 mm by a 
grayish infiltration. Adjacent to the infer- 
ior right frontal horn there was a 2 cm 
focus of tumor (Fig 2, right). Sections of 
the spinal cord showed invasion of the 
leptomeninges by tumor. Tumor infiltra- 
tion was also found in the left lateral and 
posterior regions of the cord as well as 
within the nerve roots in a generalized 
distribution. 

Histologic sections showed glioblastoma 
multiforme in the inferior right frontal 
horn area, and the remaining abnormal 
thickenings, enlargements, and infiltra- 
tions were due to malignant astrocytic 
elements within nervous tissue and in the 
subarachnoid space. The tumor frequently 
appeared around penetrating vessels. 


COMMENT 


While glioblastoma multiforme ac- 
counts for 55% of all primary intra- 
cranial gliomas, it accounts for only 
7.5% of intramedullary, intraspinal 
gliomas' and 1.5% of all spinal cord 
tumors. 

The absence of intracranial symp- 
toms until almost a year after diag- 
nosis of the spinal cord tumor weighs 
against multifocal origin as a likely 
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Fig 2.—Left, Modified horizontal section showing tumor in septum and fornix. Right, 
Modified horizontal section showing tumor in region of right frontal horn and tumor 


occluding basilar cisterns. 


possibility in this case. Dissemination 
of the spinal intramedullary glioblas- 
toma into the basal leptomeninges 
and within the ventricles is unusual.*? 
On the other hand, dissemination of 
intracranial glioblastoma to the spinal 
canal is by no means infrequent, and 
seeding has been repeatedly observed 
with other malignant intracranial 
gliomas. 

Operative attack on a glioblastoma 
of the spinal cord would expose the 
subarachnoid space to tumor cells. The 
possibility that the tumor arose in the 
septal region and spread in the more 
widely recognized fashion to the 
spinal cord is not convincing in this 
ease. Back pain preceded the develop- 
ment of the headache by 11 months. 
The exposed cord disclosed no evi- 
dence of thickening of the leptome- 
ninges at operation and the tumor was 
intramedullary. The evidence for the 
spinal origin of the tumor is therefore 
compelling. 

We suggest that tumor seeding 
along the subarachnoid space to the 
basal cisterns resulted in communi- 
cating hydrocephalus. Ventrieular re- 
flux (or ventricular entry) of a radio- 
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pharmaceutical is the characteristic 
sign of communicating hydrocephalus. 
In accord with this, we suggest that 
tumor clusters then reached the later- 
al ventricles and became implanted in 
the septal and lateral ventricular 
region. 

It is of interest why there are so few 
reports of similar intracranial dissem- 
ination. The spinal glioblastoma is an 
uncommon tumor, and case observa- 


tions may be poor. Some of the cells — . 


that are shed into the spinal subarach- 
noid space may be incapable of 
sustaining themselves in the spinal 
fluid. Immunologie factors may be 
operational as well. Indeed, many 
factors may account for the infre- 
quent occurrence of this condition. 


This investigation was supported by Veterans 
Administration Research funds. 
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Fatal Massive Intracerebral Hemorrhage 


Complicating Cerebral Amyloid Angiopathy 


T. I. Mandybur, MD, Stephen R. D. Bates, MB 
I 


eA 58-year-old normotensive woman 
died 24 hours after a stroke. Two months 
rlier, She had a transient neurological 
disce consistent with cerebrovascular 
insufficiency. 
. Necropsy demonstrated a massive re- 
sent hemorrhage in the right occipital 
lobe associated with severe cerebral 
yloid angiopathy (CAA). The cerebral 
rtex showed interstitial and perivas- 
p neuritic plaques but no Alzheimer's 
angles. There was no family history of 


3 ly ten cases of such hemorrhage 

used by nonfamilial CAA have been 
eported. Massive intracerebral hemor- 
rhage seems to be more common in 
patients with familial Icelandic forms of 


d review of the literature indicated that 


(Arch Neurol 35:246-248, 1978) 


| mong the rare causes of mas- 
^ sive intracerebral hemorrhage 
(MIH) is cerebral amyloid angiopathy 
(CA A). Gudmundsson et al' reported a 
series of familial eases of CAA in 
I*eland in which lethal MIH occurred. 
Cnly a few nonfamilial cases of CAA 
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in which such hemorrhage developed 
are on record.” 

It is thought that the patient 
described here belongs to the latter 
category. The fatal massive cerebral 
hemorrhage developed in the area of 
the brain displaying severe CAA. The 
patient was normotensive, and there 
was no family history of cerebral 
amyloidosis. 


REPORT OF A CASE 


A 58-year-old woman was admitted to 
the hospital on July 17, 1970, after the 
sudden onset of weakness and blindness. 
She had also collapsed at work. She was 
semiconscious, with a blood pressure of 
140/80 mm Hg. There was left hemiplegia, 
and she experienced left hemisensory loss. 
Her status deteriorated rapidly, and she 
died within 24 hours. 

Two months earlier, she had been 
admitted to the same hospital because of 
two episodes of vertigo, weakness, and 
confusion in the preceding two weeks. In 
the past, she had several bouts of urinary 
tract infection, but otherwise her history 
was normal, particularly for diabetes 
mellitus and hypertension. Physical exami- 
nation at that time showed a depressed, 
normotensive (110/90 mm Hg) patient 
with a sucking reflex and nystagmus on 
right lateral gaze. Her blood pressure had 
been recorded several times and was 
always normal. Cerebrospinal fluid exami- 
nation, EEG, skull roentgenograms, bilat- 
eral carotid angiography, and nuclide brain 
scan showed no abnormalities. No diag- 
nosis was made. She was discharged and 


remained well until the day prior to death. 
It could not be established whether this 
patient had Icelandic ancestry. 


PATHOLOGIC EXAMINATION 


On necropsy, there was mild ather- 
osclerosis throughout the entire aorta 
and in the coronary arteries. The 
heart weighed 210 gm; the kidneys, 
115 gm and 90 gm, respectively, and 
they were normal. The brain weighed 
1,245 gm. The circle of Willis was well 
preserved, with minimal atherosclero- 
sis. There was fresh subarachnoid 
hemorrhage over the right occipital 
lobe, which was markedly enlarged 
and flattened. A blood clot measuring 
3 X 2 cm was emerging from one of 
the right lateral occipital sulci. 

Sectioning disclosed a fresh massive 
hemorrhage in the right occipital lobe 
penetrating to the subarachnoid space 
(Fig 1). Scattered cortical and subcor- 
tical satellite hemorrhages were also 
encountered. 

Microscopic examination of the 
brain (using hematoxylin-eosin, Con- 
go red, crystal violet, orceine-Van 
Gieson, and Bodian stains) confirmed 
that the right occipital hemorrhage 
was recent. There was amyloidosis of 
the leptomeningeal and cortical ar- 
terioles that was extensive only in the 
oecipital lobes (Fig 2). Perivascular 
amyloid deposits (Fig 3) and scattered 
neuritic plaques (Fig 4) were noted 
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Fig 1.—Three sections of right occipital lobe displaying massive recent hemorrhage. Numerous blood 
clots have fallen from cavity of hemorrhage at time of autopsy (right). Ruptures into subarachnoidal 
space are seen along with subarachnoidal accumulation of blood. Scattered small satellite 
hemorrhages are present in all sections. 





Fig SO small cortical ves- 
sels display thickening of walls 
due to amyloidosis. Photograph 
taken from vicinity of hemor- 
rhage (Congo red, x 250). 


throughout the cerebral cortex. This 
again was severe only in occipital 
lobes. Congo red positive material 
that was green birefringent when 
viewed in polarized light was consid- 
ered to be amyloid. 

Appropriately stained representa- 
tive sections of internal organs did not 
show the presence of amyloid. Except 
for mild coronary and aortic athero- 
sclerosis, the internal organs were 
normal. 


COMMENT 


It is known that amyloidosis may 
affect the CNS. Amyloid is typically 
found in neuritic plaques* and less 
commonly in degenerative lesions of 
the brain after irradiation over- 
dosage* and in the vessels of a 
vascular malformation. Meningeal 
and intracerebral vessels may show 
CAA in certain cases of generalized 
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Fig 3.—Thickened amyloid de- 
generated cortical vessel with 
perivascular amyloid deposit 
from area close to hemorrhage 
(Congo red, x 400). 


amyloidosis, in a demyelinating dis- 
order,’ in Alzheimer’s disease,"" in the 
brains of the aged," in adult mongo- 
loids,? and also in familial cases not 
associated with other conditions.' Ce- 
rebral perivascular deposits of amy- 
loid (drusige Entartung) can be 
observed in some of the latter condi- 
tions. 

The literature contains only a hand- 
ful of documented cases of massive 
intracerebral hemorrhage due to 
CAA. According to Gudmundsson et 
al,' fatal MIH at a relatively early age 
can complicate hereditary CAA as 
occurred in his normotensive patients 
of an Icelandic family. Neuritic 
plaques and Alzheimer’s neurofibril- 
lary changes were not present in the 
Icelandic patients. There was no amy- 
loidosis elsewhere in the body. 

Massive intracerebral hemorrhage 
due to sporadic nonfamilial CAA 
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Fig 4.—Neuritic plaque in right 
occipital lobe (Bodian silver im- 
pregnation, x 400). 


rarely occurs. Among 1,214 cases of 
massive cerebral hemorrhage re- 
ported by Jellinger'? two (0.276) were 
due to congophilie angiopathy. (We 
consider congophilic angiopathy, dys- 
phoric angiopathy, and drusige Entar- 
tung as forms of CA A.) Surbeck"* in 
his 73 cases of dysphoric angiopathy 
saw MIH in only two patients; he did 
not indicate whether these patients 
had normal blood pressure. Neumann? 
described a 48-year-old normotensive 
retarded woman who died shortly 
after having a stroke. Necropsy 
showed a MIH as the cause of death. 
There was generalized cerebral vascu- 
lar amyloidosis and a small vascular 
malformation, the vessels of which 
also showed amyloidosis. Neurofibril- 
lary degeneration was absent, but 
neuritic plaques were noted in the 
cortex. 

Of the three patients of Ulrich et al’ 
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one (case 3) had survived a MIH by 11 
months; a hematoma of the left 
pe mporal lobe had been surgically 
removed. In the remaining patients 
{cases 1 and 5), head trauma could 
have been the triggering factor of the 
MIH. Apart from hematomas (orga- 
nized in case 3), autopsy showed 
congophilic angiopathy and neuritic 
plaques in all three patients; one in 
addition had Alzheimer’s tangles. 

| Seitelberger’ observed old and re- 
cent cerebral hemorrhages, secondary 
to CAA, in three normotensive pa- 
tients with senile dementia in the 
range of 72 to 84 years and in one 
patient with subacute Alzheimer’s 
disease. Two of these patients with 
‘massive cerebral hemorrhage com- 
| orised the material previously quoted 
oy Jellinger. 

Recently, Torack? reported two pa- 
tients with congophilie angiopathy in 
whom MIH developed. The first 
patient had mild hypertension. The 
nemorrhage followed a ventriculo- 
atrial shunting procedure. In the 
econd patient, the hemorrhage was 
spontaneous; there was no hyperten- 
sion. Neuritic plaques and Alzheimer’s 

ngles were observed in both brains. 
it is likely that in Torack’s case 1, 
surgery provoked the hemorrhage, 
perhaps because the amyloid diseased 
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vessels could not contract after being 
served. 

It appears that massive hemorrhage 
is a threat if cerebral vessels are 
severely involved by amyloidosis, re- 
gardless of secondary features such as 
the presence or absence of neuritic 
plaques, neurofibrillary tangles, etc. 
Since amyloidosis affects mostly lep- 
tomeningeal and cortical vessels, the 
related MIH is usually situated close 
to the surface of the brain or is sub- 
arachnoidal, with these locations dif- 
fering from those characteristically 
encountered in hypertensive individ- 
uals. 

Seitelberger'? postulates as the ulti- 
mate cause of the hemorrhage rupture 
of a miliary aneurysm that develops 
due to weakening of the vessel wall by 
amyloidosis. In the present case, the 
degree of degeneration of the blood 
vessels due to amyloid disease suggest 
that their rupture was possible with 
normal blood pressure. Miliary aneu- 
rysms were not observed histologi- 
cally or in the routine angiograms. 

Massive hemorrhage can complieate 
vascular amyloidosis in other organs 
also, particularly in the urinary blad- 
der*"* and the gastrointestinal 
tract.'^^ Hemorrhage into the urinary 
bladder has been attributed to rupture 
of the "thick-walled narrow pipe of 
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virtually pure amyloid that used to be 
blood vessel" in the vesical submuco- 
sa. Kinzel et al" thought that the 
bladder hemorrhage was due to a 
combination of focal necrosis second- 
ary to amyloid deposition (particularly 
in submucosal vessels) with inflamma- 
tion. In some instances of massive 
hemorrhage of the intestine, the 
mucosa has been intact and the 
bleeding was thought to be due to 
friability of the vessels infiltrated by 
amyloid.’ Other patients showed se- 
vere mucosal damage and occlusion of 
the amyloid degenerated arteries in 
the distribution of the upper arteriae 
rectae with patent mesenteric vessels; 
hemorrhage was probably secondary 
to ischemia." 

Massive hemorrhage, therefore, is a 
rare but not unknown complication of 
vascular amyloidosis in a number of 
organs. Most likely, the basic mecha- 
nism leading to MIH following cere- 
bral forms of vascular amyloidosis is 
similar to that in other organs. Cere- 
bral amyloid angiopathy should be 
included in the differential diagnosis 
if a stroke has occurred in a normoten- 
sive patient, with or without a history 
of dementia. Cerebral thrombosis and 
infarction are other possible complica- 
tions of cerebral amyloid angiopathy. 
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The Inverse Marcus Gunn 


Phenomenon 


An Electromyographic Contribution 


Virginia Lubkin, MD 


€ A patient with the inverse Marcus 
Gunn anomaly is presented. Electromyo- 
graphic studies showed the salient fact 
that the closing of the involved eye on 
opposite motion of the lower jaw was not 
mediated by seventh nerve stimulation of 
the orbicularis oculi but by inhibition of 
the homolateral levator palpebrae su- 
perioris. As a consequence of this obser- 
vation, a specific and effective operation 
could be planned. 

(Arch Neurol 35:249, 1978) 


he inverse Mareus Gunn jaw- 

winking synkinesia is a rare 
condition in which the homolateral eye 
closes as the external pterygoid mus- 
cle moves the jaw to the opposite side. 
To superficial observation, this phe- 
nomenon appears to implicate cranial 
nerves III, V, and VII to account for 
the lid closure. 


REPORT OF A CASE 


The patient was a 27-year-old woman. 
The right upper lid was slightly ptotic and 
the right lower lid somewhat short verti- 
cally. The eye had a mild refractive 
amblyopia and an esohypophoria, but bin- 
ocular fusion was normal. The right upper 
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Fig 2.—Electromyographic findings. Left, Right levator, primary position. Center, 


lid dropped smartly with each downward 
motion of the lower jaw, most noticeably 
on movement of the jaw to the left (Fig 1). 
The patient stated that her father had a 
minor degree of the same condition and 
that her own dated from birth. 

In order to analyze this phenomenon, 
electromyography was undertaken. Appro- 
priate readings were taken from the right 
levator palpebrae superioris, orbicularis 
oculi, and external pterygoid muscles. 


RESULTS 


The results were unequivocal. What 
was happening was total inhibition of 
the levator, with inactivity or inhibi- 
tion of the orbicularis (Fig 2). The 
upper lid was dropping, not actively 
closing. This was indeed the inverse of 


the original Marcus Gunn reflex in 
which the levator muscle is overstimu- 
lated. It appears that the seventh 
cranial nerve is not actively involved, 
leaving this jaw-winking entity also 
limited to interaction in the third and 
fifth nerve complexes. 


COMMENT 


There seems to be no record in the 
literature of previous electromyogra- 
phy in the inverse Mareus Gunn 
syndrome. The important clinical 
conclusion from these observations 
was that the appropriate corrective 
procedure would prevent the passive 
descent of the lid, namely, a frontalis 
sling. This operation was successfully 
performed, using a silicone strap. 


Neil Spielholz, MD, Ronald Carr, MD, and 
David Bernstein, MD, participated in this study 
at the Institute of Rehabilitation of the New 
York University School of Medicine, New York. 
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Fig 1.—Inverse Marcus Gunn syndrome. 
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Right levator, jaw to left. Right, Right orbicularis oculi, jaw to left. 
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Spinal Cysticercosis 


e Myelopathy in a Cambodian patient 
proved to be due to cysticercosis. Spinal 
cysticercosis is rare, and Indochina is an 
unusual place to have acquired it. 

(Arch Neurol 35:250-251, 1978) 


W: recently encountered an unu- 
sual manifestation of cysticer- 
cosis in a Cambodian patient and wish 
to emphasize both the unusual oc- 
currence of spinal involvement by 
cysticercosis and the acquisition of 
cysticercosis in southeast Asia. 


REPORT OF A CASE 


A 43-year-old Cambodian military offi- 
cer complained of increasing pain and 
numbness in the lower extremities and 
increasing gait difficulty. For five years, 
he had noted pain in the back and pain, 
dysesthesias, and difficulty in movement 
of the lower extremities. He denied bowel 
or bladder difficulties, headache, change in 
mental status or other neurologic symp- 
tomatology. He was alert and afebrile, 
with a blood pressure of 150/100 mm Hg. 
Results of the general examination were 
normal. Mental status and cranial nerve 
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functions were normal. Strength was 
normal in the upper extremities, but there 
was slight weakness proximally in the 
lower extremities. Tone was increased in 
all extremities, more so on the left. Vibra- 
tory sensation was markedly impaired in 
the lower extremities and slightly reduced 
up to the clavicles. Some observers detected 
a sensory level at the costal margin. 
Tendon reflexes were hyperactive, more so 
in the lower extremities, and more on the 
left side. There was bilateral ankle clonus, 
and plantar responses were extensor. 
There was slight dysmetria and dysdiado- 
chokinesia of the right upper extremity. 

The laboratory values were as follows: 
hemoglobin, 13.0 gm/100 ml; WBC count, 
7,400/cu mm; with 15% eosinophils and an 
absolute eosinophil count of 880/cu mm. 
The serum vitamin B,, level was 650 pg/ml 
and the VDRL was nonreactive. A skull 
roentgenogram showed erosion of poste- 
rior and anterior clinoids. Roentgenograms 
of cervical and lumbosacral spine were 
normal; degenerative changes of the mid- 
thoracic vertebrae were evident on chest 
roentgenogram. Computerized tomograph- 
ic scan showed enlarged lateral ventricles 
with normal third and fourth ventricles 
and normal cisterns and sulci. Urine and 
stool were free of ova and parasites. Sero- 
logic tests for fungi and schistosomiasis 
were negative. Indirect hemagglutination 
tests for cysticercosis were negative in 
CSF and serum. 

An air myelogram and pneumoencepha- 
logram were performed via cisternal punc- 
ture. There was a total block at the T7-8 
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level, with irregularity of the surrounding 
subarachnoid space. The lateral and third 
ventricles were enlarged and the inferior 
recesses of the third ventricle were 
blunted. There was some irregularity of 
the aqueduct, with a normal fourth ventri- 
cle. In addition, there was a block to air 
flow above the interpeduncular cisterns. 
The CSF contained 5 lymphocytes per cubic 
millimeter; protein and glucose levels were 
normal. Subsequent Pantopaque myelogra- 
phy by lumbar and cisternal puncture 
demonstrated a sharply demarcated extra- 
medullary intradural block at the L3-4 
interspace and a second block at the T8-9 
level, with multiple irregular intradural 
defects above, suggestive of arachnoidi- 
tis. 

Midlumbar laminectomy was performed 
and was ultimately extended to include the 
L1-5 vertebrae. The dura was discolored 
and dense arachnoiditis underlay it with 
multiple loculations. A long tubular cystic 
structure containing reddish purple viscous 
material was resected from between the 
nerve roots. It extended from the L-1 to the 
L-5 vertebral level. A round clear cyst was 
resected from the L-3 vertebral level. 
Microscopic examination showed acute and 
chronic inflammation of arachnoid with 
giant cell reaction, and the cystic struc- 
tures were the three-layered body wall of 
cysticercus cellulosae. The CSF flowed into 
the lumbar operative site from above. The 
thoracic defects were thought to repre- 
sent arachnoiditis, hence were not ex- 
plored. 

The patient experienced slight improve- 
ment in gait over a period of six weeks, 
followed by stabilization of strength in the 
lower extremities. He continues to have a 
sensory level at T-12. 


COMMENT 


Spinal involvement with cysticer- 
cosis is uncommon. Dixon and 
Lipscomb’ in their analysis of 450 
patients with cysticercosis, predomi- 
nately troops who had served in India, 
found one case of spinal cysticercosis 
diagnosed at laminectomy and two 
cases at autopsy. Cabieses et al 
reported two cases of intramedullary 
and one case of extramedullary spinal 
cysticercosis. Other authors?! have 
reported small numbers of spinal 
cases. Leptomeningeal forms are 
more common than intramedullary or 
epidural cysticercosis. These have 
been reviewed by De Souza Queiroz et 
al’ who have commented on the 
predominance of thoracic location for 
intramedullary cysticerci. They postu- 
late that extramedullary spinal cysti- 
cerci likely are the result of migration 
of larvae from brain via the subarach- 
noid space, while intramedullary 
forms are a consequence of hematoge- 
nous spread. 

Of the common manifestations of 
cysticercosis of the nervous system, 
namely, epilepsy, increased intracran- 
ial pressure, hydrocephalus, meningi- 
tis, and intracranial calcifications, our 
patient displayed only mild hydro- 
cephalus. The clue to the diagnosis of 
parasitic disease was eosinophilia, 
which is an inconstant finding in 
cysticercosis. Serologic studies, which 
sometimes may be helpful? were 
negative. Calcification of soft tissue 


CORRECTION 


was not detected, and this is common, 
perhaps due to the long period 
required for calcification to develop. 
The usual geographic regions in which 
cysticercosis is acquired are Central 
and South America, India, and Poland. 
Texts of parasitology make little 
mention of cysticercosis in Indochina. 
Cysticercosis should be considered in 
the differential diagnosis of myelop- 
athy where parasitic disease is sus- 
pect. Familiarity with neurologic 
manifestations of parasitic diseases of 
Indochina may become increasingly 
important in view of the recent 
emigration of approximately 130,000 
individuals from Vietnam and Cam- 
bodia. 


Jhinho Kim, MD, and Leslie Cahan, MD, 
performed the midlumbar laminectomy. 
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Misspelling.—In the article titled “Crossed Aphasia in a Chinese Bilingual Dextral,” 
published in the December ARCHIVES (34:766-770, 1977), the sentence on page 769, third 


column, ninth line from the bottom, should read: "The explanation for this deviation, 
exemplified by reported cases of crossed aphasia is not known,” instead of "...is now 
know.” | 
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Speech Arrest in a Dextral 
With a Right Mesial Frontal Astrocytoma 


Louis R. Caplan, MD, Nicholas T. Zervas, MD 


* A right-handed man had clustered 
groups of seizures characterized by 
speech arrest over a period of eight years. 
Later, speech arrest was accompanied by 
head-turning to the left and altered tone of 
the left limbs. An astrocytoma, centered in 
the right supplementary motor region, 
was identified. This case confirms the 
experimental data of speech arrest ema- 
nating from the right paramedian cortex of 
a right-handed man. 

(Arch Neurol 35:252-253, 1978) 


linieians have sought for over a 
century to find exception to 
Broca's dictum, "On parle avec l'hemi- 
sphere gauche." Electrical stimulation 
of the right and left supplementary 
motor regions of the awake human, in 
addition to stimulation of more widely 
accepted parasylvian "speech" zones 
of the dominant hemisphere, produces 
an alteration of speech. Slight 
disturbances of speech production 
may result from right cerebral lesions 
in right-handed patients,** but per- 
manent, significant aphasia from such 
lesions is quite rare.‘ Epileptic attacks 
arising in the right cerebral hemi- 
sphere of dextrals have occasionally 
included vocalization or speech arrest, 
but well-documented examples are 
few.** This report describes a right- 
handed man with a right frontal 
astrocytoma in whom episodic attacks 
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of speech arrest were the only clinical 
sign over a period of eight years. 


REPORT OF A CASE 


The patient had his first episode of 
speech arrest in 1968, at the age of 40 
years. While at work, he suddenly became 
unable to speak for several seconds but did 
not believe that his thought patterns had 
been interfered with; nor did he lose 
posture or awareness. He recalled looking 
away "because of embarrassment" but was 
unsure to which side. Four identical 
episodes occurred during his subsequent 
hospitalization. His wife would note a 
"blank stare" during the spell that would 
terminate by the patient beginning to 
speak more slowly than usual. By the end 
of a sentence, his voice would return to 
normal. Electroencephalogram, brain scan, 
and left carotid arteriogram were all 
normal. Phenytoin and phenobarbital were 
administered but treatment was stopped 
after one week. He remained asympto- 
matic and received no medication until 
1978, when ten similar episodes of speech 
arrest occurred. The speech arrest was 
unassociated with any feeling or motion in 
any part of his body. Brain scan and EEG 
were again normal, and no treatment was 
instituted. He remained asymptomatic 
until January 1976, when he had a ten- 
second episode of speech arrest identical to 
prior spells. This was followed by three 
subsequent episodes, 30 minutes apart, in 
which his wife noticed a blank stare 
accompanying the speech arrest, followed 
by turning of the head to the left and rapid 
jerking of the eyes to the left and upward. 
She also noted clonic motion of the left 
arm, which the patient subsequently 
described as a cramp-like feeling. Neuro- 
logical examination was normal except for 
a left extensor plantar response. Comput- 
erized tomography showed a 4.5-cm, well- 
defined lucent region in the right mesial 


frontal region (Figure). A right carotid 
arteriogram demonstrated flattening and 
downward pressure on the right perical- 
losal artery and decreased vascularity in 
the region that appeared lucent on comput- 
erized tomography. He was given pheny- 
toin. In August 1976, the patient and 
family noted diminished interest in activi- 
ties, clumsiness of the left hand and clum- 
siness of the left leg in walking. He-was 
less able to persevere with tasks on the job, 
and his concentration and “patience” were 
poor. The left limbs were used less than the 
right and demonstrated a slight increase in 
resistance to passive movement. The left 
plantar reflex was extensor. There was less 
swing of the left arm when he walked. 
There were no visual or sensory abnormal- 
ities. There was no papilledema. An EEG 
demonstrated bilateral delta waves during 
hyperventilation more on the right side. On 
Sept 3, 1976, a right frontal trephine was 
introduced, and the right frontal lesion was 
biopsied. A grade 2 astrocytoma was diag- 
nosed pathologically. He was given radio- 


Computerized tomographic scan demon- 
strating discrete right cerebral lesion. 
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therapy, corticosteroids, and phenytoin, 
and by April 1977, had returned to full 
work and had a normal neurological exam- 
e ination. Computerized tomography demon- 
i strated no definite residual right frontal 
lesion. He has had one subsequent seizure, 
with jerking of his left hand. 

The patient has always been strongly 
right-handed, and eats, writes, bats, and 
throws with his right hand. He is also 
right-footed and right-eyed. He has a 
brother, two parents, and three children 
who are all right-handed, and he knows of 
no left-handed people in his immediate 
family. 

COMMENT 


Penfield and colleagues,'? in exten- 
sive stimulation experiments involv- 
^ ing awake humans, demonstrated two 
regions, Rolandic and superior fron- 
tal, usually within the longitudinal 
fissure adjacent to a part of the 
supplementary motor area, from 
which stimulation 
sphere elicited vocalization. From sup- 
plementary motor regions, vocaliza- 
tion was usually rhythmic or inter- 
rupted, in contrast to the sustained 
cry usually obtained from stimulation 
k of the Rolandie operculum, and vocal 
arrest was also frequently obtained. 
Arseni and Botez’ reported 12 cases, 
and Alajouanine et al^ reported four 
cases of tumors affecting the supple- 
mentary motor regions in which 
arrest of speech or vocal repetitions 
were a prominent clinical feature. In 
all these cases, the lesion (usually a 
parasagittal meningioma) either pro- 
truded more to the left or was asso- 
ciated with transient or permanent 
right limb dysfunction, indicating a 
predominantly left supplementary 
motor localization. Petit-Dutaillis and 
colleagues’ added a case of aphasia 
and episodic speech arrest from a left 
mesial frontal arteriovenous malfor- 
mation. Rubens" and Atkinson" have 
confirmed that aphasia may arise 
from left anterior cerebral artery 
territory infarction, affecting the left 
supplementary motor region. 
Zangwill* reviewed reports of 2,133 
patients with aphasia and a lesion 
limited to one hemisphere and found 
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in either hemi- 


erossed aphasia (right cerebral lesion 
in an aphasic right-handed patient) in 
only 1.8% of right-handed patients. 
Marcie et al? studied 28 patients with 
right cerebral lesions, utilizing sensi- 
tive testing batteries usually given to 
aphasic patients. They were able to 
document minor alterations in oral 
production of language, with some 
disturbance in cadence, grammar, and 
syllable pronunciation in a majority of 
patients. Zangwill' commented that 
he had also encountered defective 
capacity for making grammatical 
transformations and speech pronun- 
ciation defects in dextral patients 
with right hemisphere lesions, but he 
thought that the aphasic deficits were 
minor and not clinically significant. 
Ritchie-Russell and Espir,? in their 
extensive study of traumatic aphasia, 
documented only three examples of 
crossed aphasia in 221 dextral patients 
with lesions limited to the right cere- 
bral hemisphere. Occult traumatic 
lesions in the opposite hemisphere are 
always difficult to exclude clinically in 
a severely injured patient. 

Botez and Wertheim’ reported the 
case of a 26-year-old dextral man with 
a right frontal oligodendroglioma in 
whom seizures of speech arrest and 
verbal repetition were followed by 
altered tone or strength in the left 
arm. Postoperatively, the patient’s 
language production was character- 
ized by omission of letters, altered 
prosody, perseveration of syllables, 
and, in addition, the patient could no 
longer play music well. Hécaen and 
Piercy* reviewed the clinical manifes- 
tations of 3,000 seizure patients found 
in the literature. Paroxysmal dyspha- 
sia had occurred as part of a seizure in 
34 dextrals in whom only four had a 
right cerebral lesion. 

In our patient, speech arrest was 
part of a clinical seizure disorder that 
subsequently included head-turning 
to the left and altered posturing of the 
left limbs. Radiographic and surgical 
localization placed the lesion in the 
paramedian right frontal lobe in the 
area of the supplementary motor 
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cortex. The following factors, how- 
ever, make caution imperative in 
localizing the seizure discharge to a 
finite region within the right cerebral 
hemisphere: (1) Tumor infiltration 
into adjacent regions is probable. (2) 
Pressure effects on adjacent tissues 
cannot be excluded. (3) Epileptic foci 
may lie adjacent to the tumor and not 
at its center. (4) No definite focal 
spike or phase reversal was estab- 
lished by EEG. An unusual feature of 
the present case is the long duration 
of speech arrest seizures prior to other 
signs and the unusual temporal pro- 
file, ie, isolated flurries of groups of 
seizures with asymptomatic periods of 
years without anticonvulsant medica- 
tion. The failure to consider a right 
hemisphere lesion led to a long delay 
in diagnosis. 
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ook Reviews 


The Mental Status Examination in Neurology, by 
hard L. Strub and F. William Black, pp 182, 27 
s, $7.95, FA Davis Co, 1977. 


In this brief paperbound volume, 
tre authors set as goals that the 
reader become able to conduct and 
erpret a comprehensive evaluation 
of neuropsychological functioning and 
15-minute mental status screening 
examination. The last of these goals 
remains just beyond the reach of this 
orthwhile book. Here one finds 
ecneise presentation of a wealth of 
important material. The authors rec- 
ognize that organic diseases often 
present with emotional and behavioral 
changes, caused by subtle language or 
mory disturbances. In 11 chapters, 
they move from the "Rationale and 
zerview of the Mental Status Exam- 
tion" to "Evaluation of the Level of 
nsciousness," "Attention," "Behav- 
al Observations, "Language," 
[emory," "Constructional Ability," 
igher Cognitive Functions," "Re- 
ted Cortical Functions,” "Summary 
the Examination,” and an explana- 
on of “Further Evaluations” ordi- 
rily done by a neuropsychologist. 
e appendix explains standard psy- 
chological tests and provides ad- 
esses for obtaining them, a second 
tlines the complete menta. status 
amination. 
Inclusion of the widely used Glas- 
gow rating scale would have bene- 
sted the chapter on level of con- 
iousness. Depression, despite being 
often seen in organically impaired 
patients or confüsed patients with 
organic impairment, is not treated in 
epth. The section on language is 
ite good. In explaining the differen- 
tiation between aphasia and psychotic 
ie an it would be useful to note that 













tke ambivalence, hallucinations, and 
irappropriate responses usually seen 
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in the psychotic patient may be 
helpful in making this differentiation. 
The authors are noncritical of the 
vigorous but not scientifically rigor- 
ous ideas of Luria regarding finger 
movements as a specific sign of 
frontal lobe disease. The useful con- 
cept of testing remote memory with 
photographs of famous persons from 
old newspapers is not mentioned. A 
brief coverage of simple sensory- 
motor tests, such as rapid finger- 
tapping, stereognosis, and graph- 
esthesia, which can assist in localizing 
disorders to the parietal lobes, would 
be helpful. It would also be useful for 
the authors to explain brief practical 
office tests such as the Zung Depres- 
sion Seale and the brief form of the 
Minnesota Multiphasic Personality 
Inventory. 

The book never comes to grips with 
the specifies of organizing and per- 
forming the promised brief screening 
examination. Most readers will 
emerge having learned a great deal 
but still unsure how to proceed quickly 
and systematically to get an overview 
of their patient's mental status. A 
flow sheet, outlining just how the 
examiner would move from basic 
simple screening tests to testing indi- 
vidual impairments in depth, would be 
useful. A brief chapter using case 
histories to demonstrate how the 
examiner actually chooses and admin- 
isters tests in a given clinical circum- 
stance is missing, and missed here. 

While some neuropsychological cog- 
noscenti may criticize the book, it is 
important to stress its strength. It 
makes enjoyable reading and synthe- 
sizes material not easily available 
from other sources. It is the best brief 
text available, and I recommend its 
use by students of psychiatry, neuro- 
logy, and neurosurgery. With some 
revisions, a second edition could 


Readers are advised that in view of The Copyright Revision Act of 1976, all 
Book Reviews submitted for publication must contain on the transmittal letter 
the following language: “The person(s) undersigned hereby grant the American 
Medical Association permission to publish this Book Review and in addition, 
hereby assigns all copyright ownership therein to the AMA.” 


become a classic for its intended 
audience. 
Bruce H. PETERS, MD 
Galveston, Tex 


Brain’s Diseases of the Nervous System, ed 8, by 
John N. Walton, TD, MD, DSc, 1,277 pp, 170 illus, 
$29.50, Oxford University Press, 1977. 

The eighth edition of this textbook 
has been expanded to 1,277 pages. 
This is 215 more than the seventh 
edition, which was published in 1969. 

The material covered is extensive. 
It is a credit to the author that he has 
been able to compress such a bulk of 
material into one volume. This has 
been done with some sacrifice in the 
thickness and quality of the paper; 
hence, some of the illustrations are 
not so sharp and clear as they were in 
previous editions. This observation 
applies particularly to the radio- 
graphs. The author has placed arrows 
to direct the reader to the points of 
interest yet in a few instances, at 
least, the details cannot be made out. 

The book is modernized, and the 
most common neurological disorders 
are given appropriate space. The less 
frequently encountered conditions are 
noted and referenced. One can find 
excellent handling of such disorders as 
Creutzfeldt-Jakob disease, nonmetas- 
tatic carcinomatous neurological dis- 
eases, low-pressure hydrocephalus, 
and a host of others. The author has 
done a good job in updating ref- 
erences while retaining older impor- 
tant ones. The index is excellent. This 
reviewer found only two typograph- 
ical errors. This book is a credit to the 
author, and I would recommend it 
with enthusiasm. One hopes that in 
the next edition the author will have 
substituted clearer pictures of certain 
radiographs. 

A. L. Saus, MD 
Iowa City 
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Calendar and News 


CALENDAR OF MEETINGS 

American Association of Neurological Surgeons, annual 
American Academy of Neurology, annual meeting, Bona- 
Central Association of Electroencephalographers, annual 
The International Society for Paediatric Neurosurgery, 
annual meeting, Casa Grande Hotel, Guaruja, Brazil 

Fifth World Congress of Psychiatric Surgery, Boston 
Second World Congress on Pain, Queen Elizabeth Hotel, 
Second World Congress of Biological Psychiatry, Barcelona, 
Epilepsy International Symposium, Bayshore Inn, Vancouv- 
Fourth International Congress on Neuromuscular Diseases, 
The American Neurological Association, Washington, DC 
International Society of Neuropathology, Eighth Interna- 
tional Congress, Shoreham-Americana Hotel, Washington, 


Congress of Neurological Surgeons, annual meeting, Wash- 


American Academy of Neurological Surgery, annual meet- 


Southern EEG Society, annual meeting, Atlanta 


1978 
April 23-27 
meeting, New Orleans 
24-29 
venture Hotel, Los Angeles 
May 20-21 
meeting, Omaha Hilton, Omaha 
June 26-28 
Aug 21-25 
27-Sept 1 
Quebec 
31-Sept 6 
Spain 
Sept 10-14 
er, British Columbia 
17-21 
Montreal 
22-24 
24-29 
24-29 
ington Hilton, Washington, DC 
Ort. 22-25 
ing, Munich, Germany 
26-28 
Nov 5-9 


Aphasia Workshop.— The University 
of Cincinnati Medical Center is spon- 
soring a two-day workshop on apha- 
sia, April 3 and 4, 1978. The course, to 
be presented by Dr Luigi Vignolo, 
University of Milan, and Dr R. 
Terrence Wertz, Veterans Adminis- 
tration Hospital, Madison, Wis, will 
cover diagnosis, treatment, and ther- 
apy. The course is eligible for AMA 
category 1 credit of the Physicians 
Recognition Award. For further in- 
formation contact Dorothy H. Air, 
Division of Audiology and Speech 
Pathology, University of Cincinnati 
Medical Center, 234 Goodman, Cincin- 
nati, OH 45267. 


Robert A. Utterback Memorial Lec- 
ture.—Dr Robert A. Fishman, profes- 
sor and chairman of the Department 
of Neurology of the University of 
California, San Francisco, delivered 
the Robert A. Utterback Memorial 
Lecture at the University of Tennes- 
see Center for the Health Sciences on 
Nov 9, 1977. The topic of the Utter- 
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Society for Neuroscience, annual meeting, St Louis Conven- 
tion Center, St Louis 


back Lecture was “Neurological As- 
pects of Uremia.” During his visit to 
Memphis, Dr Fishman also addressed 
the Memphis Academy of Neurology 
on ‘Cerebrospinal Fluid: Clinical Up- 
date" and the Memphis Neurological 
Society on  "Pathophysiology and 
Management of Brain Edema." 


American Medical Electroencephalo- 
graphic Association — Meeting.— This 
meeting will take place May 18-20, 
1978, at the Alameda Plaza Hotel, 
Kansas City, Mo. Contact Way- 
land A. Stephenson, MD, Secretary 
AMEEGA, c/o Sansum Medical Clinic, 
Ine, PO Drawer LL, Santa Barbara, 
CA 93102. 


Notice of 1278 Annual Meeting of the 
Teratology Society.- The Teratology 
Society will. hold its 18th annual 
meeting on June 8 through 11, 1978, at 
the Grand. Motel, Mackinac Island, 
Mich. For further information contact 
Eugene V. Perrin, MD, Director, 


Anatomie Pathology, Children's Hos- 
pital of Michigan, 3901 Beaubien Blvd, 
Detroit, MI 48201. 


Meeting of the Central Association of 
Electroencephalographers and EEG 
Course.- The annual meeting of the 
Central Association of Electroenceph- 
alographers will be held in the Omaha 
Hilton Hotel, Omaha, on May 20 and 
21. Abstracts for the scientific pro- 
gram should be sent to Dr H. Douglas 
Jameson, program chairman, Depart- 
ment of Neurology, University of 
Kentucky, Lexington, KY 40506, by 
March 24, 1978. The abstracts should 
be limited to 200 words or less. A one- 
day course on Pediatric EEG, orga- 
nized by Drs Robert Ellingson and 
Fernando Torres will be held on May 
22. The course has been approved for 
CME eredits. Contact: Mrs Margaret 
Henry, 38238 Glenn Ave, Willoughby, 
OH 44094. 


Comprehensive Care of the Handi- 
capped Child.—The University of Cali- 
fornia, San Francisco, Schools of 
Dentistry, Medicine, Nursing, and 
Pharmacy will present a two-day 
symposium, "Comprehensive Care of 
the Handicapped Child." It will be 
held on April 14-15, 1978 at the 
Holiday Inn, Golden Gateway, San 
Francisco. For program information 
contact: University of California, San 
Francisco, Continuing Education 
Health Sciences, 1843 3rd Ave, San 
Francisco, CA 94143. 


Chutkow Named Department Head at 
Buffalo.—Jerry G. Chutkow, MD, asso- 
ciate professor of neurology at the 
Mayo Medical School, has been ap- 
pointed chairman of the Department 
of Neurology at the State University 
at Buffalo School of Medicine. A 
native of Denver, Dr Chutkow was 
assistant professor of neurology at the 
University of Chicago and an attend- 
ing neurologist at the University of 
Chicago Hospitals and Clinics before 
his appointment at the Mayo Clinic. 


New Division of Behavioral Neurolo- 
gy.—The Department of Neurology of 
the College of Medicine, University of 
Iowa, announces the creation of the 
Division of Behavioral Neurology, 
dedicated to the study of the demen- 
tias, aphasias, and allied disorders. 
The division is in operation , and 
encompasses an out-clinic facility and 
a laboratory equipped for neuropsy- 
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'hological diagnostic procedures and 
esearch. The latter will be known as 
he Benton Laboratory of Neuropsy- 
hology, in recognition of Arthur L. 
enton’s outstanding contributions in 
the field of behavioral assessment of 
neurological disorders. A. R. Damasio, 
D, has been appointed director of 
the division. 


. Southern EEG  Society.-New of- 
ficers of the Southern EEG Society 
are as follows: Neil Brown, MD, presi- 
dent; Edward Reilly, MD, president 
lect; Mary Andriola, MD, secretary- 
reasurer; J. Baldwin Smith, MD, 
rald Goldberg, MD, Lawrence T. 
h’ien, MD, council members; Helio 
mmi, MD, immediate past presi- 
dent; James Etheridge, Jr, MD, past 
president. The next meeting of the 
iety is on Oct 26 through 28, 1978, 
in Atlanta. W. Brem Mayer, MD, is 
the local chairman and Edward Reilly, 
D, is the program chairman. For 
rther information contact Mary An- 
iriola, MD, secretary-treasurer, 1011 
ffords St, Clearwater, FL 33516. 


| Notes From NINCDS 
b. Budget Totals $177 Million.—The 
^ inde 1978 budget totals $177 
illion, an increase of $22 million over 
ast year's funding level. Allocations 
include the following: $117 million for 
rrants, a $16 million increase from the 
77 budget; $13.0 million for con- 
racts; and $7.3 million for training 
programs, a $1 million increase. 






Technically, the institute’s budget 
is based on a continuing resolution, 
which is a congressional interim 
mechanism for continuing funding at 
the preceding year’s level until a new 
budget is passed. This year, use of the 
ontinuing resolution resulted from a 
congressional deadlock over the abor- 
tion issue that stymied passage of the 
epartment of Health, Education, 
d Welfare budget. However, unlike 
the usual process, this continuing 
resolution wii! extend throughout the 
entire 1978 budget period at the $177 
million leve? agreed to by the confer- 
ees. Congressiona! discourse on the 
1979 budget is expected to begin in 
March o* this year. 
Central Nervous System Regeneration 
id. Piasticity.— "he NINCDS Stroke 


s. 
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and Trauma Program is encouraging 
the submission of applications for 
institutional grants for research 
training in the fields of CNS regener- 
ation and/or plasticity in response to 
injury. Postdoctoral training is being 
advocated to help meet the needs of 
NINCDS-supported programs in 
these research areas. Examples of 
appropriate research training areas 
are axoplasmic flow, nerve growth 
factor, neurotropism, collateral 
sprouting, synaptogenesis, neuroplas- 
ticity in response to injury, and 
others. 

Applicant institutions must have an 

active program in CNS regeneration 
and/or plasticity research, under the 
leadership of scientists qualified and 
willing to offer and direct postdoc- 
toral. research training. Funds are 
available for trainee stipends and for 
support of institutional training re- 
sources. Trainees may be supported 
for one to three years. Stipend levels 
will be dependent on the trainee’s 
number of years of postdoctoral train- 
ing and experience. A maximum of 
three new trainees may be appointed 
each year. 
Clinical Research Training in Cerebro- 
vascular Disorders, Head and Spinal 
Cord Injury, or Coma.—The Stroke and 
Trauma Program is also encouraging 
submission of applications for institu- 
tional grants for training in the clin- 
ical research fields of the cerebrovas- 
cular disorders, head and spinal cord 
injury, and/or coma. Clinical research 
training is being encouraged to help 
meet the needs of NINCDS-supported 
programs in these research areas and 
to increase the opportunities for par- 
ticipation in stroke and trauma clin- 
ical research by clinically qualified 
persons. 

Applicant institutions must have an 
active research program in one or 
more of the named fields under the 
leadership of scientists qualified and 
willing to offer and direct appropriate 
clinical research training. Funds are 
available for trainee stipends and for 
support of institutional training re- 
sources. Trainees may be supported 
for one or two years of research train- 
ing. Each trainee must have com- 
pleted at least two years of clinical 
training in a relevant clinical field, eg, 
neurology, neurosurgery, neuropath- 


ology, neuroradiology, before being 
eligible for stipend support. The level 
of stipend support is dependent on the 
trainee’s number of years of postdoc- 
toral training and experience. A max- 
imum of three new trainees may be 
appointed each year. 
Procedure.—Institutional grant ap- 
plications should be submitted in 
accordance with the standard forms, 
procedures, and schedules of the 
National Institutes of Health (NIH). 
Each application will be reviewed on 
its scientific merit in competition for 
available funds. Specific information 
is provided in the NIH Guide for 
Grants and Contracts of Nov 14, 1977, 
pp 1 to 6, “National Research Service 
Awards for Institutional Grants.” 
Inquiries about the scientific or 
programmatic aspects of the training 
programs should be directed to the 
Stroke and Trauma Program, 
NINCDS, Federal Building, Room 
8A13, 7550 Wisconsin Ave, Bethesda, 
MD 20014; telephone (301) 496-4226. 
Inquiries regarding application proce- 
dure and requests for application 
forms should be directed to the Assis- 
tant Director for Manpower pro- 
grams, EAP, NINCDS, Federal Build- 
ing, Room 1020A, 7550 Wisconsin Ave, 
Bethesda, MD 20014; telephone (301) 
496-9236. 
Clinicians Encouraged to Participate in 
Neuroscience Meeting.—The annual 
meeting of the Society for Neuro- 
science will be held on Nov 5 through 
9, 1978, in St Louis. Program chairman 
is NINCDS scientist Jeffery L. Bark- 
er, MD. According to the society, only 
1% of the 5,000 members are neurolog- 
ists, therefore, Dr Barker stresses 
that clinical contributions to the meet- 
ing not only are invited but encour- 
aged. In addition, the program com- 
mittee believes that the society's 
meeting offers an excellent oppor- 
tunity for clinicians to be brought up 
to date on basic research directly 
related to clinical neurology. The 
meeting will include 14 symposia, 12 
workshops, and two named lectures, 
as well as volunteer papers and 
posters. Information regarding mem- 
bership and the meeting may be 
obtained from Dr Barker, Laboratory 
of Neurophysiology, NINCDS, NIH, 
Bldg 36, Room 2C-02, Bethesda, MD 
20014; telephone (301) 496-2414. 


Calendar and News 


roposed in 


pro “pre-natal A sess oe oS ers 
aed child health 9597. E schoot 
=.=- milion- [e 
A- ofi ls say 
office ical tuition and iy p 
«d a.» nati \ health , 
-— it E 
- la [ 


at 
nursing 
net 





ws 


The mapping of a migraine. 


>r 
= 


Specific vascular changes are revealed by liquid crystalography 


‘Liqui@crystal thermography dynamically demonstrates the unilateral surface temperature changes reflective of the dilation of deep 
cerebral arteries during a migraine attack.*Liquid crystals allow differences in skin temperature to be “mapped” directly on the subject. 
Variations in skin heat loss are registered immediately, enabling rapid temperature changes to be followed easily. (Red reflects 


the coolest temperature, then green, blue, and violet.) 


This picture was taken of a migraine sufferer during an attack. The colors over the teft eye reflect the cooler skin temperature due 
to the unilateral decreased blood flow to the forehead skin vessels. that results from dilation of cerebral vessels on the affected side. 


Specific therapy 
for migraine 


complicated by 
tension and G.I. upset 


The combined vasoconstrictive actions of ergotamine and caffeine 
cffer the best therapeutic results in helping to abort or relieve 
the migraine headache. Additionally, belladonna alkaloids 

reip relieve the accompanying gastrointestinal irritability. And 
tne patient’s:nervous tension, perhaps a precipitating factor in 
tne onset of-an attack, is often allayed by the pentobarbital in 
Cafergot P-B. 


TABLETS: Gynergen® (ergotamine tartrate, U.S.P.) 1 mg.; caffe:ne, U.S.P., 
120 mg.; Bellafoline* (levorotatory alkaloids of belladonna, as malates) 
0.125 mg.; sodium pentobarbital, U.S.P., (Warning : May be habit 

ferming) 30 mg. 

S JPPOSITORIES: Gynergen® (ergotamine tartrate, U.S.P.) 2 mg.; caffeine, 

L S.P., 100 mg.; Bellafoline® (levorotatory alkaloids of belladonna, as 
malates) 0.25 mg.; pentobarbital, N.F.(Warning: May be habit forming) 60 mg.; 
tartaric acid, N.F., malic acid, lactose, U.S.P., and thec^roma oil, U.S.P. 





Contraindications: Peripheral vascular disease, coronary heart disease, 
hypertension, impaired hepatic or renal function, sepsis, and pregnancy. 
Hypersensitivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop 
even after long term intermittent use of the orally or rectally administered 
drugs, care should be exercised to remain within the limits of 
recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle 
pains in the extremities, weakness in the legs, precordial distress 

and pain, transient tachycardia or bradycardia, nausea, vomiting, localized 
edema, and itching. Drowsiness may occur with Cafergot P-B. 


Adult Dosage: Ora//y—Two tablets at first sign of attack; if needed, 1 
additional tablet every half hour until relieved (maximum, 6 per attach or 
10 per week). Zecta/ly—One suppository as early as possible in attack: 
second in 1 hour, if needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and 
cyanosis of the extremities associated with diminished or absent 
peripheral pulses; hypertension or hypotension; drowsiness, stupor, coma, 
convulsions and shock. A case has been reported of reversible bilateral 
papillitis with ring scotomata in a patient who received five times the 
recommended daily adult dose over a period of 14 days. Treatment 
consists of induction of emesis, gastric lavage, and catharsis; maintenance 
of adequate pulmonary ventilation; correction of hvpctension; and 

control of convulsions. Treatment of peripheral vasospasm should consist 
of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
may be used with benefit but caution must be exercised to 

avoid aggravating an already existent hypotension. 


Beiore prescribing, sse packase insert 
for full product infoi mation. 


Sandoz Pharmaceuticals, East Hanover, N.J. 07936 SANDOZ +5312 
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. The vulnerable 


es The first epileptic seizure 
is most likely to occur 
during early childhood and 
at the onset of puberty 


About 9 out of 10 epileptics experience their first seizure before the 
age of 20—with the highest incidence between 5 and 7, when chil- 
dren start school, and at the onset of puberty, a time of physiological 
and psychic turmoil.! The most common type, grand mal, occurs 
in approximately 75% of epileptic children, and more than 50% 
of patients who suffer initially from petit mal develop grand mal 
seizures before they reach the age of 16.7 


Mysoline (primidone] for 
control of grand mal,psycho- 
motor and focal epilepsy 


At the onset and afterwards — used alone or as concomitant 
therapy, MYSOLINE may reduce the frequency and severity of 
major motor seizures—or even eliminate them. Exce/lent for con- 
trol of grand mal. Valuable for control of psychomotor!^^ and 
focal epilepsy as well.’ 


Add Mysoline when control with other anticonvul- 
sants is inadequate —As concomitant therapy, MYSOLINE can 

improve seizure control in grand mal and psychomotor epilepsy. 
The combined use of phenobarbital, diphenylhydantoin, and 

MYSOLINE may have additive anticonvulsant effects without addi- 
tive side effects.6 


Change to Mysoline when other anticonvulsants fail — 
A changeover to MYSOLINE is frequently warranted when other 
anticonvulsants must be discontinued because of important side 
effects, or when grand mal seizures are refractory to phenobarbital, 


with or without diphenylhydantoin." 
Ayerst. 


Mysoline 
Tablets 250 mg. 


(primidone) „nes 


May be the start of a 
better life for the epileptic 


See following page of advertisement for prescribing information. 7538 
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Mysoline (primidone) 


may be the start of a better life for the epileptic 
| 


initial and maintenance therapy for 
grand mal, psychomotor and focal epilepsy 


BRIEF SUMMARY 
(For full prescribing information, 
_ see package circular.) 
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AYERST LABORATORIES 
New York, N.Y. 10017 


MYSOLINE * Brand of PRIMIDONE 


Anticonvulsant 


ACTIONS: MYSOLINE acts on the central nervous system 


to raise seizure threshold or alter seizure pattern. The mecha- 


nism(s) of action of anticonvulsant drugs is not known. 

Primidone has anticonvulsant activity per se. In addition, its 
two metabolites possess anticonvulsant qualities. The major 
metabolite is phenylethylmalonamide (PEMA); the other is 


phenobarbital. In addition to its own anticonvulsant potential, 


PEMA potentiates phenobarbital. 


INDICATIONS: MYSOLINE, either alone or used con- 


comitantly with other anticonvulsants, is indicated in the con- 


trol of grand mal, psychomotor, and focal epileptic seizures. It 


may control grand mal seizures refractory to other anticonvul- 


sant therapy. 


CONTRAINDICATIONS:! Primidoneis contraindicated 


in: 1) patients with porphyria and 2) patients who are hyper- 


sensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 

The therapeutic efficacy of a dosage regimen takes several days 
before it can be assessed. 


Use in pregnancy: Recent reports strongly suggest an asso- 
ciation between the useof anticonvulsant drugs by women with 

epilepsy and an elevated incidence of birth defects in children 

born to these women. Reference has been made to primidone in 

several cases in which it was used in combination with other 

anticonvulsants; but its teratogenicity has not been conclusively 

demonstrated. The possibility exists that other factors, e.g., 
genetic factors or the epileptic condition, may contribute to the 

higher incidence of birth defects. The data also indicate that the 

great majority of mothers receiving anticonvulsant medication 

deliver normal infants. 

Anticonvulsant drugs should not be discontinued in patients in 

whom the drug is administered to prevent major seizures be- 
cause of the strong possibility of precipitating status epilepticus 

with attendant hypoxia and risk to both mother and the unborn 

child. 


When the nature, frequency, and severity of the seizures do not 
pose a clear threat to the patient, good medical practice requires 
that the physician weigh the expected therapeutic benefit of 
anticonvulsant therapy against possible risk on an individual 
basis. 

Neonatal hemorrhage, with a coagulation defect resembling 
vitamin K deficiency, has been described in newborns whose 
mothers were taking primidone and other anticonvulsants. 
Pregnant women under anticonvulsant therapy should receive 
prophylactic vitamin K, therapy for one month prior to, and 
during, delivery. 


The physician should weigh all of the foregoing considerations 
when treating and counseling epileptic women of childbearing 
potential. 


PRECAUTIONS! The total daily dosage should not exceed 
2 Gm. Since MYSOLINE therapy generally extends over pro- 
longed periods, a complete blood count and a sequential mul- 
tiple analysis-12 (SMA-12) test should be made every six 
months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in sub- 
stantial quantities. Since tests for the presence of primidone in 
biological fluids are too complex to be carried out in the average 
clinical laboratory, it :s suggested that the presence of undue 
somnolence and drowsiness in nursing newborns of 
MYSOLINE-treated mothers be taken as an indication that 
nursing should be discontinued. 


ADVERSE REACTIONS: The most frequently occur- 
ring early side effects are ataxia and vertigo. These tend to dis- 
appear with continued therapy, or with reduction of initial 
dosage. Occasionally, the tollowing have been reported: nausea, 
anorexia, vomiting, fatigue, hyperirritability, emotional dis- 
turbances, sexual impotency, diplopia, nystagmus, drowsiness, 
and morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the drug. 
Megaloblastic anemia may occur as a rare idiosyncrasy to 
MYSOLINE and toother anticonvulsants. The anemia responds 





to folic acid, 15 mg. daily, without necessity of discontinuing 
medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 Gm. per day. The initial dose is 250 mg 
Increments of 250 mg. are added, usually at weekly intervals 
to tolerance, or therapeutic effectiveness, up to daily doses not 
exceeding 2.0 Gm. A typical dosage schedule for the introduc 
tion of MYSOLINE ( primidone) is as follows: 


Adults and Children Over 8 Years of Age 














Ist Week 
250 mg. daily at bedtime 


2nd Week 
250 mg. b.i.d. 





3rd Week 
250 mg. t.i.d. 





4th Week 
250 mg. q.i.d. 





In children under 8 years of age. maintenance levels are es- 
tablished by a similar schedule, but at one-half the adult dosage 
It is best to begin with 125 mg., with gradual weekly increases 
of 125 mg. a day, to a daily total usually between 500 mg. and 
750 mg. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage of the 
other drug(s) is maintained or gradually decreased. This regi 
men should be continued until satisfactory dosage level is 
achieved for combination, or the other medication is completely 
withdrawn. When therapy with this product alone is 
the objective, the transition should not be completed in less 
than two weeks. 


MYSOLINE 50 mg. Tablet can be used to practical advantage 
when small fractional adjustments (upward or downward) 
may be required, as in the following circumstances: 
* for initiation of combination therapy 
* during "transfer" therapy 
* for added protection in periods of stress or stressful situa 
tions that are likely to precipitate seizures ( menstruation 
allergic episodes, holidays, etc.) 


HOW SUPPLIED: MYSOLINE Tablets — No. 430 —Each 
tablet contains 250 mg. of primidone (scored), in bottles of 
100 and 1,000. Also in unit dose package of 100. No. 431 — Each 
tablet contains 50 mg. of primidone ( scored), in bottles of 100 
and 500. MYSOLINE Suspension —No. 3850 —Each 5 cc. (tea 
spoonful) contains 250 mg. of primidone, in bottles of 8 fluid: 
ounces. 


References: 1. Livingston, S.: Comprehensive Management 
of Epilepsy in Infancy, Childhood and Adolescence, Springfield 
Il]., Charles C Thomas, 1972, pp. 6, 7, 584. 2. Grossman. H.J.: 
Ill. Med. J. 135:260 (Mar.) 1969. 3. Scholl, M.L., in Conn 
H.E: Current Therapy 1973, Philadelphia. Saunders, 1973 
pp. 675-7. 4. Metrick, S.: C. M.D. 37:49(]Jan.) 1970. 5. Forster 
F.M.: Med. Clin. North Am. 47:1579 (Nov.) 1970. 6. White 
P.T.: Wis. Med. J. 68:178 ( Apr.) 1969. 7. Millichap, J.G.: 
Drug Ther. 1:15 (Oct.) 1971. 


Ax 


ER 


Archives of Neurology VOL 35, NO. 5, MAY 1978 


— EE ——— —— ———— 


Copyright © 1978 by the American Medical Association 


> 


ORIGINAL CONTRIBUTIONS 


Antibodies Against Arboviruses in Postencephalitic and Idiopathic Parkinson’s Disease 
Teresita S. Elizan, MD; Jerome Schwartz, PhD; Melvin D. Yahr, MD, New York; 
Jordi Casals, New Haven, COnn............... eese eene nennen nnne nnne nenne nenne nane nennen nnn REN Me 257 


Onset and End-of-Dose Levodopa-Induced Dyskinesias 
Francois Lhermitte, MD; Yves Agid, MD; Jean-Louis Signoret, MD, Paris soe i itd 261 


Cerebral Microembolization 
Franz J. Schuier, MD; W. Michael Vise, MD; Konstantin A. Hossmann, MD; 
K. J. Zülch, MD, Cologne, West Germany..............sssss eene 264 


Cerebral Malaria 
Gabriel Toro, MD, Gustavo Román, MD, Bogotá, Colombia ..........ssssss e etter eens 271 


EEG Patterns at the Time of Focal Seizure Onset 
Leonard R. Geiger, MD, Richard N. Harner, MD, Philadelphia .........ssssssee m 276 


Fibromuscular Dysplasia 
George W. Paulson, MD; Carl P. Boesel, MD; William E. Evans, MD, Golumbüs, Ohlo..................-.-- 287 


Involvement of Peripheral Nerve and Muscle in Fabry's Disease 
Anders A. F. Sima, MD, David M. Robertson, MD, Kingston, Ontario ...........sssssss eeteeteneeeeenes 291 


CHILD NEUROLOGY 


Acetazolamide in the Treatment of Pyruvate Dysmetabolism Syndromes 
Owen B. Evans, MD; Anthony W. Kilroy, MD; Gerald M. Fenichel, MD, Nashville, Tenn .................. 302 


Megalencephaly in Infants and Children 
Harold D. Portnoy, MD, Paul D. Croissant, MD, Rochester, Mich .........sssssssssse m 306 


Atlantoaxial Malformation in a 46,XY, 17q+ Child 
A. B. Todorov, MD; D. F. Merten, MD, Davis, Calif; 
D. S. Borgaonkar, PhD, Baltimore; B. N. French, MD, FRCS(C), Davis, Calif... 317 


BRIEF COMMUNICATIONS AND CLINICAL NOTES 


Is There a Characteristic Personality Profile in Amyotrophic Lateral Sclerosis? 
Pamela K. Peters, RN; Wendell M. Swenson, PhD; Donald W. Mulder, MD, Rochester, Minn .......... 321 


Intracerebral Venous Angioma 


Mohammad Sarwar, MD, William F. McCormick, MD, Galveston, Tex .........sssssssssssss 323 
REGULAR DEPARTMENTS 
Nl i5. oer EEA N A E IhLaceaaso nage ava ean E a E E NERE EE E auae ons esos oe a M Nap sonseassascendencasdanphosdssehiecingoessccets 326 
Instructions for Authors......:..:...........sssociscesiseesscssesesaicascevosssossscesscessccossesucecososcossecsosacccaeresseiocsosgoosecocesssesosessosoe 14 


WIGRAINE For MIGRAINE 


Fast Disintegration: Taken at the first symptom 


ef migraine, Wigraine tablets disintegrate 7 to 70 times faster 
than other migraine preparations.* A patented microgranula- 
hon process "bursts" the tablets apart so that digestive juices 
have unhindered access to the active ingredients—providing 
Guick-release medication 


e to halt throbbing head pain before it takes hold 
eto ease the nausea and "sickness" of migraine attacks 


eto relieve pain from sustained contraction of head and 
neck muscles 


eto allay the feelings of hopelessness in many migraine 
patients 


e to rebuild the patient's confidence in therapy 


Each Wigraine tablet and rectal suppository contains ergotamine tartrate, 1.0 mg; caffeine, 
190.0 mg; belladonna alkaloids (levorotatory), representing 87.596 hyoscyamine and 12.596 
amopine as sulfates, 0.1 mg and phenacetir, 130.0 mg 


PRECAUTIONS: Dosage of either tablets or suppositories singly or in combination should 
nt exceed a total of 12 during any seven-day period. Although rare, ergotamine is capable 
o* producing all the symptoms of ergotism. CONTRAINDICATIONS: Peripheral vascular or 
ceronary disease, angina pectoris, hypertension, renal or hepatic dysfunction, pregnancy, 
Septic states, incipient glaucoma. SUPPLIED: Tablets—individually foil-wrapped in boxes of 
2C or 100. Suppositories—individually foil-wrapped in boxes of 12 


Organon Pharmaceuticals 
A Division of Organon Inc. 


(@rganon 
West Orange, N.J. 07052 
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The 
Time for 


T 
c : a 
Relief 


An early stage in the migraine episode—constricted cerebral 
arteries impair blood flow and evoke the warning aura. Taken 
now, Wigraine can often abort the attack before the onset of 


painful headache. 


Wigraine Timed 


Actual photos show total disintegration of Wigraine tablet in 
digestive juice in only 18 seconds (range 8"-32": average 18").* 
In the same test, other well-known migraine tablets take as long 
as 24 minutes and more. 


"Tested in USP disintegration apparatus. Data on file, Research Department, Organon Inc. 
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Adds better dosage control 


Long term treatment of depression with amitriptyline requires 4 
careful dosage titration to meet the individual needs of each 

patient. Because all six strengths of Endep (amitriptyline HCl) are 

scored, you can easily change the dose by half-tablet steps, without 

waiting for the patient to fill a new prescription. 


e o € f o e 


12.5 mg 37.5 mg 50 mg 75 mg 





v v Ww 


37.5 mg 





yadd, subtract, 
muitriptyline... 


Subtracts some of the drawbacks of 
antidepressant therapy 


-) Scored Endep (amitriptyline HCl) tablets may eliminate the need 
for a new prescription each time the dosage needs to be changed, 
ving time for you and money for your patient. And, by keeping the 
itient on the same strength tablet, there's less chance he'll become 
nfused, as he might if changed to another size or color of 
nitriptyline. 


Multiplies therapeutic options 


x ) The pharmacokinetic properties of Endep (amitriptyline HCl) 
are such that its clinical effect is the same whether prescribed 
i.d. or as a single daily dose. Thus, once you have established the 
‘oper dosage, you can prescribe the entire dose h.s., minimizing 
iticholinergic and sedative side effects and helping to assure patient 
ympliance with this simple regimen. 

~ A By prescribing the higher strength tablets h.s. — secure in the 
nowledge that the dosage can be adjusted in half-tablet steps without 
‘sorting to a new prescription —your patient will economize further 
n a per milligram basis. 


Endep 


amitriptyline HCI/ Roche 


Endep 
amitriptyline HCl/Roche 


Before prescribing, please consult complete 
roduct information, a summary of which 
ollows: 
Contraindications: Known Bye peo. 
Do not use with monoamine oxidase (MAO) 
inhibitors or within at least 14 days following 
discontinuation of MAO inhibitors since 
hyperpyretic crises, severe convulsions and 
deaths have occurred with concomitant use; 
then initiate cautiously, gradually increasing 
dosage until optimal response is achieved. Use 
not recommended during acute recovery phase 
after myocardial infarction. 
Warnings: May block action of guanethidine 
or similar antihypertensives. Use with caution 
in patients with history of seizures, urinary 
retention, angle-closure glaucoma, increased 
intraocular pressure. Closely supervise cardio- 
vascular patients, hyperthyroid patients and 
those receiving thyroid medications. (Arrhyth- 
mias, sinus tachycardia and prolongation 
of conduction time reported with use of tri- 
cyclic antidepressants, including amitriptyline 
Cl, cenecintty in high doses. Myocardial in- 
farction and stroke reported with use of this 
class of cee) May impair alertness; warn 
against hazardous occupations or driving a 
motor vehicle during therapy. Weigh possible 
benefits against hazards during Ape go 
the nursing period and in women ot child- 
bearing potential. Not recommended in chil- 
dren under 12. 
Precautions: May exaggerate symptoms in 
schizophrenic and paranoid patients, or shift 
manic-depressives to manic stage; reduce dose 
or administer major tranquilizer concomi- 
tantly. Close supervision and careful dose 
adjustments required when given with anti- 
cholinergic or sympathomimetic agents. Exer- 
cise care in patients receiving large doses of 
ethchlorvynol; transient delirium reported 
with concomitant administration. May en- 
hance effects of alcohol, barbiturates and other 
CNS depressants. Because of the possibility of 
suicide in depressed patients, do not permit 
easy access to large drug quantities in these 
patients. Because it may increase hazards of 
electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue 
drug several days before elective surgery. Both 
elevation and lowering of blood sugar levels 
have been reported. 
Adverse Reactions: Note: This list includes a 
few adverse reactions not reported with this 
specific drug but requiring consideration 
because of similarities of tricyclic antidepres- 
sants. Cardiovascular: Hypotension, hyper- 
tension, tachycardia, palpitation, myocardial 
infarction, arrhythmias, heart block, stroke. 
CNS and Neuromuscular: Confusional states; 
disturbed concentration; disorientation; de- 
lusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, 
tingling and paresthesias of the extremities; 
peripheral neuropathy; incoordination; ataxia; 
tremors; seizures; alteration in EEG patterns; 
extrapyramidal symptoms; tinnitus. Anti- 
cholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, 
paralytic ileus, urinary retention, dilatation of 
urinary tract. Allergic: Skin rash, urticaria, 
hotosensitization, edema of face and tongue. 
ematologic: Bone marrow depression includ- 
ing agranulocytosis, eosinophilia, purpura, 
thrombocytopenia. Gastrointestinal: Nausea, 
epigastric distress, vomiting, anorexia, stoma- 
titis, peculiar taste, diarrhea, parotid swelling, 
black tongue. Endocrine: Testicular swelling 
and gynecomastia in the male, breast enlarge- 
ment and galactorrhea in the female, increased 
or decreased libido, elevation and lowering of 
blood sugar levels. Other: Dizziness, weak- 
ness, fatigue, headache, weight gain or loss, 
increa perspiration, urinary frequency, 
mydriasis, drowsiness, jaundice, alopecia. 
Withdrawal Symptoms: Abrupt cessation of 
treatment after prolonged administration may 
produce nausea, headache and malaise. These 
are not indicative of addiction. 
Supplied: Scored Tablets: 10, 25, 50, 75, 100, 
150 mg. 


The only amitriptyline scored 


for easy division 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Now Available in 
‘the United States 


Peper 


Amajor advance A chemically unique 
in treating these anticonvulsant agent 
epileptic disorders: 


For sole or adjunctive therapy in 
patients with simple or complex 
absence seizures including 

petit mal. 





As adjunctive therapy in patients 
"with multiple seizure types that 

include absence attacks. Depakene is a simple fatty acid 
chemically unrelated to other 
anticonvulsants. Mode of action 
is not established. It has been 
suggested that Depakene may act 
by increasing levels of gamma- 
aminobutyric acid (GABA) in 
the brain. 


r 


Please see last page for Prescribing Information. 8043237 c] 


Depakene. 


Valproic Acid 


A clinically proven 
agent 


Depakene has been studied for 
over 14 years, mostly in Europe, 
but also in Australia, Japan and 
South America. Data on the 
following page are taken from two 
controlled studies. Collective 
world-wide experience is given 

as well. 


Please note that although most 
studies include patients with 
various or multiple seizure types, 
these data summarize the effects 
of Depakene solely upon absence 
seizures. 


Common side effects 
are relatively mild 


Pinder! reported in a compre- 
hensive review of world literature, 
"Sodium valproate is remarkably 
free of side effects in the general 
context of anti-epileptics’’. 

Simon and Penry? also noted that 
adverse effects '^were generally 
transitory and not serious”. 


The most commonly reported 
side effects are gastrointestinal 
disturbances and sedation. 
Serious side effects are rare. (A 
complete list of adverse reactions 
can be found in the Prescribing 
Information.) 


Dosage Information 


Depakene is available both in 
capsule and liquid form. 


The recommended initial dose is 
15 mg/kg/day. When indicated, 
inerease dosage at one week 
intervals by 5-10 mg/kg/day. 
The maximum recommended dose 
is 30 mg/kg/day. If the total 
daily dose exceeds 250 mg., it 
should be given in divided doses. 


Since Depakene may increase 
serum barbiturate levels, patients 
on concomitant barbiturate 
therapy should be monitored 
closely. If appropriate, barbi- 
turate dosages can be decreased. 


The safety of Depakene for use 
during pregnancy has not been 
established. (Animal studies have 
demonstrated teratogenicity. ) 

As a rule, nursing should not be 
undertaken by patients receiving 
Depakene since the agent is 
excreted in breast milk. 


1. Pinder, R.N. et al., Sodium Valproate; 

A Review of its Pharmacological Properties 
and Therapeutic Efficacy in Epilepsy, Drugs, 
13:81-123, 1977. 

2. Simon, D., Penry, J.K., Sodium Di-N- 
Propylacetate (DPA) in the Treatment 

of Epilepsy, A Review, Epilepsia, 
16:549-573, 1975. 








Depakene. 


Valproic Acid 


(Valproic Acid) 
Response to Depakene 
in two controlled studies 
with 38 patients 


In one study! of 19 children (aged 
1% to 16), 16 became free of 
absence seizures and two others 
improved. One child's seizures 
increased. 


c In the second? study of 19 
patients (aged 15 to 40), six 
became free of absence seizures 
and 11 more improved. One 
became worse. All had been 
refractory to prior medication. 


In these studies: 


... 58% of patients became 
free of absence seizures. 


. . . 92% were improved.* 





In the world literature, 
59 studies reported 
absence seizure response 
in 798 patients taking 
Depakene 


Although these studies were 
uncontrolled and protocols 
differed widely, collective findings 
from the world literature were 
quite similar to those seen 

in the controlled studies. 


In the world studies: 


. . . 50% of patients became 
free of absence seizures. 


. . . 86% were improved.* 





*More than a 33% reduction in seizures. 


1. Suzuki, M., Ishibashi, Y., et al., 

A Double Blind Comparative Trial of 
Sodium Dipropylacetate and Ethosuximide 
in Epilepsy in Children with Special 
Emphasis on Pure Petit Mal Seizure, Med. 
Prog., 82:470-488, 1972. 


2. Wilder, B.J., Abbott Study 76-006. 
Y 





Significantly, a majority of 
patients in the two controlled — 
studies, and most patients in the 
other studies, had been inade- 
quately controlled by other 
medication. 


Please see last page for Prescribing Information. 8043237 





ABBOTT 


a 


 Depakene. 


Valproic Acid 


Side Effects 


A full listing of known or possible 
adverse reactions can be found 

in the Preseribing Information 

on the next page. 


In studies performed abroad 
with 3545 patients, about 21% 
experienced side effects. The 
most commonly seen were G. I. 
disorders (7.6%) and drowsiness 
(5%). Less frequent complaints 
(= 1.5%) included transient 
increases in hair loss, anorexia, 
weight gain, ataxia, headache, 
hyperactivity, tremor and skin 
rash. 


Hepatic failure resulting in 
fatalities has occurred in a few 
patients in England. These 
patients were receiving Depakene 
and concomitant anticonvulsant 
drugs. A causal relationship has 
not been established. 


Liver function tests should be 
performed before and during 
therapy. 


How Supplied 


Depakene is available as soft 
elastic gelatin capsules of 250 
mg. valproic acid and as a syrup 
containing the sodium salt 
equivalent of 250 mg. valproic 
acid per 5 ml. 


Summary 


Depakene is a new antiepileptic 
agent, for absence seizures, 
chemically different from other 
anticonvulsants. 


Common side effects are relatively 
mild in context with other 
anticonvulsants. 


Depakene offers the opportunity 
to reduce or eliminate more 
toxic agents. 


Accordingly: 


Depakene offers an improved 
prognosis for some patients not 
presently controlled on existing 
medications. 


Depakene appreciably extends your 
range of treatment in patients with 


absence (petit mal) seizures and 


in patients with multiple seizure 
types that include absence attacks. 


See following page for 
Prescribing Information. 
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Depakene. 


Valproic Acid 


DESCRIPTION 


DEPAKENE oa cow acid) is a carboxylic acid designated as 2-propylpentanoic acid. It 
is also known as dipropylacetic acid. DEPAKENE has the following structure: 


hon NER 


CH ,'CH;-CH, 


CH,-CH,-CH, 


Valproic acid (pKa 4.95) has a molecular weight of 144 and occurs as a colorless liquid 
with a characteristic odor. It is slightly soluble in water (1.3 mg/ml) and very soluble in 
iy solvents. 

EPAKENE is supplied as soft elastic capsules and syrup for oral administration. 


CLINICAL PHARMACOLOGY 


DEPAKENE is an anticonvulsant agent which is chemically unrelated to other drugs 

- used to treat seizure disorders. It has no nitrogen or aromatic moiety characteristic of 
other anticonvulsant drugs. The mechanism by which DEPAKENE exerts its anticon- 
vulsant effects has not been established. It has been suggested that its activity is related 
to increased brain levels of gamma-aminobutyric acid (GABA). The effect on the 
neuronal membrane is unknown. 

DEPAKENE is rapidly absorbed after oral administration. Peak serum levels of 
valproic acid occur approximately one to four hours after a single oral dose of 
DEPAKENE. The serum half-life (t, ..4) of the parent compound is approximately eight 
to twelve hours. A slight delay in initial absorption occurs when the drug is administered 
with meals but this does not affect the total absorption. 

A good correlation has not been established between daily dose, serum level and 
therapeutic effect. Valproic acid is rapidly distributed and the drug is strongly bound 
(90) to human plasma proteins. 

Elimination of DEPAKENE and its metabolites occurs principally in the urine, with 
minor amounts in the feces and expired air. Very little unmetabolized parent drug is ex- 
creted in the urine. The drug is primarily metabolized in the liver and is excreted as the 
glucuronide conjugate. Other metabolites in the urine are products of beta and omega 
oxidation (C-3 and C-5 position). The three major oxidative metabolites are 2-propyl-3- 
keto-pentanoic acid, 2-propyl-5-hydroxypentanoic acid, and 2-propyl-glutaric acid. 


INDICATIONS 


E DEPAKENE (valproic acid) is indicated for use as sole and adjunctive therapy in the 
treatment of simple and complex absence seizures, including petit mal. DEPAKENE 
may also be used adjunctively in patients with multiple seizure types which include ab- 
sence seizures. 

In accordance with the International Classification of Seizures, simple absence is 
defined as very brief clouding of the sensorium or loss of consciousness (lasting usually 
2-15 seconds), accompanied by certain generalized epileptic discharges without other 
detectable clinical signs. Complex absence is the term used when other signs are also 
present. 


CONTRAINDICATIONS 


DEPAKENE (valproic acid) is contraindicated in patients with known hypersensitivity 
to the drug. 


WARNINGS 


Liver dysfunction including hepatic failure resulting in fatalities has occurred in a few 
patients receiving DEPAKENE and concomitant anticonvulsant drugs. These inci- 
dences have occurred during the first six months of treatment with DEPAKENE. 
Although a causal relationship has not been established, liver function tests should be 
performed prior to therapy and every two months thereafter. Caution should be ob- 
served when administering DEPAKENE to patients with pre-existing hepatic disease. 

Usage in Pregnancy: THE EFFECTS OF DEPAKENE IN HUMAN PREGNANCY ARE 
UNKNOWN. ANIMAL STUDIES HAVE DEMONSTRATED TERATOGENICITY. 

Studies in rats demonstrated placental transfer of the drug. Doses greater than 65 
mg/kg/day given to rats, mice and rabbits produced an increased incidence of skeletal 

= abnormalities of the ribs, vertebrae and palate. In rats, there was a dose-related delay in 
onset of parturition. Postnatal growth and survival of the progeny was unaffected. 
Embryolethality or major developmental abnormalities occurred in rats and rabbits at 
doses of 350 mg/kg/day. Studies are being conducted to determine whether there are 
differences in the toxicity of DEPAKENE (valproic acid) in pregnant rabbits when com- 
pared to non-pregnant rabbits. 

Recent reports suggest an association between the use of anticonvulsant drugs by 
women with epilepsy and an elevated incidence of birth defects in children born to these 
women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed anticonvulsants; less systematic or anecdotal re- 
pasya suggest a possible similar association with the use of all known anticonvulsant 

rugs. 

The reports suggesting an elevated incidence of birth defects in children of drug- 
treated epileptic women cannot be regarded as adequate to prove a definite cause and 
effect relationship. There are intrinsic methodologic problems in obtaining adequate 
data on drug teratogenicity in humans; the possibility also exists that other factors, e.g., 
genetic factors or the epileptic condition itself, may be more important than drug 
therapy in leading to birth defects. 

The great majority of mothers on anticonvulsant medication deliver normal infants. It 
is important to note that anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. 
In individual cases where the severity and frequency of the seizure disorder are such 
that the removal of medication does not pose a serious threat to the patient, discontinua- 
tion of the drug may be considered prior to and during pregnancy, although it cannot be 
said with any confidence that even minor seizures do not pose some hazard to the 
developing embryo or fetus. 

The prescribing physician will wish to weigh these considerations in treating or coun- 
seling epileptic women of child-bearing potential. 


PRECAUTIONS 


General: Because of rare reports of platelet aggregation dysfunction, thrombocytopenia 
| and elevated liver enzymes, liver function tests, platelet counts and bleeding time deter- 
. mination are recommended before initiating therapy and at periodic intervals. 

Since DEPAKENE (valproic acid) may interact with concurrently administered anti- 
convulsant drugs, periodic serum level determinations of concomitant anticonvulsant 
eue are recommended during the early course of therapy. (See Drug Interactions). 

DEPAKENE is partially eliminated in the urine as a ketone containing metabolite 
which may lead to a false interpretation of the urine ketone test. 


ABBOTT 


Information For Patients: Since DEPAKENE may produce CNS depression, especially 
when combined with another CNS depressant (e.g., alcohol), patients should be advised 
not to engage in hazardous occupations, such as driving an automobile or operating dan- 
gerous machinery, until it is known that they do not become drowsy from the drug. 

Drug Interactions: DEPAKENE may potentiate the CNS depressant activity of alcohol. 

THERE IS EVIDENCE THAT DEPAKENE MAY CAUSE AN INCREASE IN SERUM 
PHENOBARBITAL LEVELS, ALTHOUGH THE MECHANISM OF THE INTERAC- 
TION IS UNKNOWN. ALL PATIENTS RECEIVING CONCOMITANT BARBITURATE 
THERAPY SHOULD BE CLOSELY MONITORED FOR NEUROLOGICAL TOXICITY, 
SERUM BARBITURATE DRUG LEVELS OBTAINED, IF POSSIBLE, AND THE BAR- 
BITURATE DOSAGE DECREASED, IF APPROPRIATE. 

THERE IS CONFLICTING EVIDENCE REGARDING THE INTERACTION OF 
DEPAKENE WITH PHENYTOIN. IT IS NOT KNOWN IF THERE IS A CHANGE IN 
UNBOUND (FREE) PHENYTOIN SERUM CONCENTRATIONS. THE DOSAGE OF 
PHENYTOIN SHOULD BE ADJUSTED AS REQUIRED BY THE CLINICAL SITUA- 
TION. 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRO- 
DUCE ABSENCE STATUS. 

Caution is recommended when DEPAKENE (valproic acid) is administered with 
drugs affecting coagulation, e.g., aspirin and warfarin. (See ADVERSE REACTIONS). 

Carcinogenesis, Mutagenesis: There has been insufficient study of the drug in animals 
to determine whether it has carcinogenic potential. Carcinogenicity studies in rats and 
mice are currently in progress. > 

Mutagenesis studies on DEPAKENE have been performed using bacterial and mam- 
malian systems. These studies have provided no evidence of a mutagenic potential for 
DEPAKENE. 

Pregnancy: See WARNINGS. 

Nursing Mothers: DEPAKENE is excreted in breast milk. It is not known what effect 
this would have on a nursing infant. As a general rule, nursing should not be undertaken 
while a patient is receiving DEPAKENE. 

Fertility: Chronic toxicity studies in juvenile and adult rats and dogs demonstrated 
reduced spermatogenesis and testicular atrophy at doses greater than 350 mg/kg/day in 
rats and greater than 90 mg/kg/day in dogs. EFF OF DEPAKENE (VALPROIC 
ACID) ON THE DEVELOPMENT OF THE TESTES AND ON SPERM PRODUCTION 
AND FERTILITY IN HUMANS IS UNKNOWN. 


ADVERSE REACTIONS 


Since DEPAKENE (valproic acid) has usually been used with other anticonvulsant 
drugs, it is not possible, in most cases, to determine whether the following adverse reac- 
tions can be ascribed to DEPAKENE alone, or the combination of drugs. 

Gastrointestinal: The most commonly reported side effects at the initiation of therapy 
are nausea, vomiting and indigestion. These effects are usually transient and rarely re- 
quire discontinuation of therapy. Diarrhea, abdominal cramps and constipation have 
been reported. Both anorexia with some weight loss and increased appetite with weight 
gain have also been reported. 

CNS Effects: Sedative effects have been noted in patients receiving valproic acid alone 
but are found most often in patients receiving combination therapy. Sedation usually 
disappears upon reduction of other anticonvulsant medication. Ataxia, headache, 
nystagmus, diplopia, asterixis, "spots before eyes", tremor, dysarthria, dizziness, and in- 
coordination have rarely been noted. Rare cases of coma have been noted in patients 
also on phenobarbital. 

Dermatologic: Transient increases in hair loss have been observed. Skin rash and 
petechiae have rarely been noted. 

Psychiatric: Emotional upset, depression, psychosis, aggression, hyperactivity and 
behavioral deterioration have been reported. 

Musculoskeletal: Weakness has been reported. 

Hematopoietic: Valproic acid inhibits the secondary phase of platelet aggregation. 
(See Drug Interactions). This may be reflected in altered bleeding time. Relative 
lymphocytosis and mild thrombocytopenia have also been noted in isolated cases. 
Leukopenia has been reported. 

Hepatic: Increases in serum alkaline phosphatase and elevations of serum glutamic 
oxaloacetic transaminase (SGOT) have been noted. Isolated cases of severe hepa- 
totoxicity have been reported. (See WARNINGS). 


OVERDOSAGE 


A single case of overdosage with valproic acid has been reported. After ingesting 36 
grams in combination with phenobarbital and phenytoin, the patient presented in deep 
coma. An electroencephalogram recorded diffuse slowing, compatible with the state of 
consciousness. The patient made an uneventful recovery. 

Since DEPAKENE is absorbed very rapidly, gastric lavage may be of limited value. 
General supportive measures should be applied with particular attention being given to 
the maintenance of adequate urinary output. 


DOSAGE AND ADMINISTRATION 


DEPAKENE (valproic acid) is administered orally. The recommended initial dose is 15 
mg/kg/day increasing at one week intervals by 5 to 10 mg/kg/day, until seizures are con- 
trolled or side effects preclude further increases. The maximum recommended dosage is 
30 mg/kg/day. If the total daily dose exceeds 250 mg, it should be given in a divided regi- 
men. 


The following table is a guide for the initial daily dose of DEPAKENE (valproic acid) 
(15 mg/kg/day): 
















Total Number of Capsules or 
Daily Teaspoonfuls of Syrup 
Dose (mg) Dose 1 Dose 2 Dose 3 
















10 —24.9 22— 549 
25 — 39.9 95 — 87.9 
40 — 59.9 88 — 131.9 
60 — 74.9 132 — 164.9 
75 — 89.9 165 — 197.9 





As the DEPAKENE dosage is titrated upward, blood levels of phenobarbital and/or 
phenytoin may be affected. (See PRECAUTIONS). 

Patients who experience G.I. irritation may benefit from administration of the drug 
with food or by slowly building up the dose from an initial low level. 

THE CAPSULES SHOULD BE SWALLOWED WITHOUT CHEWING TO AVOID 
LOCAL IRRITATION OF THE MOUTH AND THROAT. 


HOW SUPPLIED 

DEPAKENE (valproic acid) is available as orange-colored soft gelatin capsules of 250 
mg valproic acid in bottles of 100 capsules (NDC 0074-5681-13), and as a red syrup con- 
taining the equivalent of 250 mg valproic acid per 5 ml as the sodium salt in bottles of 16 
ounces (NDC 0074-5682-16). 1 
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Instructions for Authors 


Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, Schocl of Medicine, Iowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effective Jan 1, 1978, transmittal letters to the editor should 
contain the following language: *In consideration of the 
American Medical Association taking action in reviewing and 
editing my submission, the author(s) undersigned hereby trans- 
fers, assigns, or otherwise conveys all copyright ownership to 
the AMA in the event that such work is published by the AMA." 
We regret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessi- 
tate delay in review of the manuscript. 


Author Responsibility.—A!] accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 


Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 em (8!^ x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 


Style of Writing.— The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 

References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author(s), (2) title, (3) journal name (as abbreviated in 


Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, (6) 
publisher, and (7) year. Volume and edition numbers, 
specific pages, and name of translator should be included 
when appropriate. The author is responsible for the 
accuracy and completeness of the references and for their 
correct text citation. 

Metrication.— All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating "top" 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 cm (5x7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (85 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. | 

Legends.— Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identifieation exists. It is not sufficient to cover 
the eyes to mask identity. 

Acknowledgments.— Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher's 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 

Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- - 
cluding all headings, on a separate sheet of 22 x 28 cm 
(8% x 11-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 





N eu iropathology xy: An Illustrated Course - 
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Introductory and summary slides supplement the pathological materials to make a complete 
didactic presentation for: lectures in Neuropathology € supplementation of existing slide 
collections e preservation of individual and departmental slide collections e independent or group 
study and pre-board review € medical reference libraries 


METABOLIC AND 
DEGENERATIVE DISEASES 
OF THE NERVOUS SYSTEM 


by Ronald C. Kim, MD, Assistant Professor of 
Pathology, State University of New York, Up- 
state Medical Center, Syracuse, New York. 

- Gross, microscopic and electron microscopic 
' pathology of lipid storage diseases, the de- 
mentias, ALS, olivopontocerebellar degenera- 
tion, Parkinson's, Wilson's and Huntington's 
diseases are highlighted in this outstanding 
contribution to the series. Whenever pertinent, 
morphologic changes are related to altera- 
tions in the biochemistry leading to nervous 
system disease. 

Text, 90 min. tape, 79 slides (1977) $100.00 


C] Kim — Metabolic and Degenerative 
Diseases of the Nervous 
OUBIO US. LTISERLIDU Iu. RR. $100.00 


1978 — OUR 100TH YEAR 

F. A. DAVIS COMPANY PUBLISHERS 
1915 ARCH STREET 

PHILADELPHIA, PA 19103 


In Canada: McGraw-Hill Ryerson, Ltd. 
Scarborough, Ontario M1P 225 
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Please send me the following sets from NEUROPATHOLOGY: AN ILLUSTRATED COURSE. 


| understand that there will be a small charge for postage and handling, and that | may return any set within 60 days in resaleable condition if | am not completely satisfied. 


THE CELLS OF NEURAL 
TISSUE AND THEIR 
PATHOLOGIC REACTIONS 


by David Cowen, MD, Professor Emeritus, 
Division of Neuropathology, Department of 
Pathology, College of Physicians & Surgeons 
of Columbia University. 


Normal structures in the nervous system ... 
the nerve cells, their offshoots, the axons 
with their enveloping myelin sheaths, glial 
cells and ependyma are presented in this 
superb foundation course in neuropathology. 
The nature of the pathologic process and the 
specificity of the brain part affected are well 
correlated with the clinical symptomatology 
and prognosis. 

Text, 90 min. tape, 71 slides (1977) $85.00 


Slides, tape and text from each author are handsomely 
packaged in a bound volume 


C] Cowen — The Cells of Neural 
Tissue and Their Pathologic 
Reactions 


C] Duffy — Tumors of the Nervous 
QVSIGUY c-r ie vt ILS on $180.00 
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Dominican Neurologic Institute 
Fourth Annual Symposium 
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Henry Barnett, M.D., Uriversity of Western Ontario 


John J. Caronna, M.D., University of California, 
San Francisco 

Thomas H. Newton, M.D., University of California, 
San Francisco 

Peritz Scheinberg, M.D., University of Miami 

Thor Sundt, M.D., Mayc Clinic 

Charles B. Wilson, M.D., University of California, 
San Francisco 


August 25, 26 1978 

| Holiday Inn Santa Cruz, California 

Category 1 Credit, CME, 12 hours.Fee: $150 

1555 Soquel Drive, Santa Cruz, CA 95065 
(408) 476-0220 Ext. 505 


Dominican dni qp Neurologic Institute 
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Major medical center seeks an 
additional Neuropathologist profi- 
cient in diagnostics and teaching. 
Assistant or Associate Professor- 
Ship level. Require M.D. degree 

from U.S. or Canadian Medical 

School, residency in Pathology, 
certified American Board of Pa- 
 thology-AP and NP. Replies 
should be sent with curriculum 

vitae and brief biographical de- 
 scription by July 1, 1978. 


To: UTHSCD 
Personnel Department 
5323 Harry Hines Blvd. 
Dallas, Texas 75235 
Attention: Haven Allen 


. NOTE: The University of Texas 

| Health Science Center at 
Dallas is an equal opportun- 
ity/affirmative action em- 
ployer 


W.G. Manufacturing Company 
P.O. Box 162 tunity, Affirmative Action Em- 


Cumberland, Rhode Island 02864 
(401) 723-0990 





ANNOUNCEMENT 


Course Title: “Recent Advances in 
Electrodiagnosis" 

Course Director: Samuel B. Chyatte, M.D. 
Date & Place: June 8-9, 1978, Center for 
Rehabilitation Medicine, Emory 
University, Atlanta, Georgia 


Credits: 11 hrs. Category I-AMA 
Tuition: (Payable upon application) $110 
Limit of Enrollment: 75 


Make checks payable to: Emory University and 


send to Mrs. Ethel B. Warner, 207 Center 
for Rehabilitation Medicine, 1441 Clifton 
Road, N.E., Atlanta, GA 30322 





A full-time faculty appoint- 
ment is available for an 
academic neurologist with ex- 
perience in electromyography 
and muscle histochemistry. 
The appointee will be Direc- 
tor of the EMG and Muscle 
Research Laboratory. This is 
a unique opportunity for a 
young neurologist to develop 
a sub-specialty division with- 
in a growing Department of 
Neurology at Wayne State 
University. Please send CV to: 
John Gilroy, M.D., Depart- 
ment of Neurology, Harper 
Hospital, 3990 John R., De- 
troit, MI 48201. Wayne State 
University is an Equal Oppor- 


ployer. 
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Decadron® Hexadrol® 
dexamethasone, USP dexamethasone, USP 


Tablets 0.5mg Tablets 0.5 mg 


100's 30's $ 245 $ 4.16 per 100 
1000's 500's 38.10 43.42 per 1000 


Tablets 0.75 mg Tablets 0.75 mg 
100's 100's 9.55 5.85 per 100 
1000's | 500's 45.68 46.30 per 1000 
Tablets 1.5 mg Tablets 1.5 mg 
50's 50's 9.50 8.74 per 100 
Tablets 4.0mg Tablets 4.0mg 
50's 100's 40.00 7.24 per 100 


“Based on wholesale price to retailer as listed in Drug Topics Red Book 1978. 


y 


s Economy...When You Need It, Hexadrol Has It! 


Organon Pharmaceuticals 
OrganonJ A Division of Organon Inc. 
West Orange, N.J. 07052 


A PART of Akzona INC 










The Dent Neurologic Institute 
Presents a Workshop On: 

The Aneurysm Patient 
Preoperative and Postoperative Care 
June 10-11, 1978 
Sheraton Inn—Buffalo East 
Buffalo, New York 


For Clinical 
Reference, 


V Teaching, 
Lectures. 










Fit any 2" x 2" 
Viewer or Projector 





NEW MXRR SLIDE/SOUND PROGRAMS Guest Faculty 


| COCT-1A COMPUTED TOMOGRAPHY of the Maurice Albin, M.D. Pittsburgh, Pennsylvania 
CENTRAL NERVOUS SYSTEM: J. M. Allcock, M.D. London, Ontario 
BRAIN TUMORS .........................-..--- 62 slides $35.00 Eugene Flamm, M.D. New York, New York 
D CT-1AT With Synchronized Cassette Tape ... $50.00 John A. Jane, M.D: Charlot tesville, Virginia 
by R A.H , M.D. M2 j 
dor ed se Sydney J. Peerless, M.D. London, Ontario 
| E ee aa) OK Joseph Ransohoff, II, M.D. New York, New York 
| INFANTS & CHILDREN Robert H. Wilkins, M.D. Durham, North Carolina 
| o 3-1A Part 1 PPrTTTTTTT iT TT titi ttt 50 slides $28.00 The course will include a detailed analysis of current 
[13-1AT With Synchronized Cassette Tape $43.00 therapy of the aneurysm patient from day of admission 
SAS Part Pinal daas aie d 50 slides $28.00 to longterm follow-up. 
D)3-1BT With Synchronized Cassette Tape $43.00 : à I 
by John W. Hope, M.D. Registration Fee: $165.00 (Residents: $85.00) 
, Information 
04 MYELOGRAPHY ...................... eene 50 slides $28.00 Walter Crand- MD 
O4T With Synchronized Cassette Tape ... $43.00 (quet ta ni 
Neurological Institute of New York Dent Neurologic Institute of 
Millard Fillmore Hospital 
ACTIVE COLLECTION SERIES 3 Gates Circle 
010-2 NEUROGENIC ARTHROPATHY— Buffalo, NY 14209 


GAUCHERS DISEASE— (716) 886-2058 
OCHRONOSIB 233 snd ee 49 slides $28.00 
by Henry K. Taylor, M.D. 


INTRACRANIAL CALCIFICATIONS 


-1A Pát d E E E E EO E 51 slides $28.00 
ipee pene 52 slides $28.00 THE MUSCULAR DYSTROPHY ASSOCIATION 
. PT eI eee ea . SPO NSO RS 
by Philip J. Hodes, M.D. A SYMPOSIUM ON MYASTHENIA GRAVIS 
NORMAL & ABNORMAL EA ate Wednesday, May 17, pi MEME OLOR 
ernoon Session eld at: Westchester County 
PNEUMOENCEPHALOGRAM & 2:00 to 5:00 pm Medical Center 
VENTRICULOGRAM— Valhalla, New York 
INTRACRANIAL TUMORS Bias sei DE. 
[LJ 8-4A Park. T T ERN E MR E svdsqé sepu) 55 slides $32.00 Director of Medicine, White Plains Hospital Medical Center, White Plains, N.Y. 
a T Dart KOED ee s GO eod 56 slides $32.00 Director, MDA Muscle Clinic, Westchester County Medical Center, Valhalla, N.Y. 
siren cersramiahottanbnarseeneer rere -nehati 
John F. Mokrohisky, M.D. Myasthenia Gravis Newly Defined—An Overview 
O8-5C CEREBRAL ANGIOGRAPHY............. 59 slides $35.00 Lewis P. Rowland; M.D. 


Chairman of Dept. of Neurology—Columbia Presbyterian Medical Center 


The Endplate—Recent Advances in Immunohistology 
W. King Engel, M.D. 
Chief of Medical Neurology, National Institute of Neurology & Communicative Disorders & 


John F. Mokrohisky, M.D. 
[] 4-1 ATLAS OF SPINAL CORD 


LESIONS Lire sosuspe genaai se nans 50 slides $28.00 Stroke, N.I.H. 
by John E. Whiteleather, M.D. The Receptor—Biochemical Breakthrough 
Stanley H. Appel, M.D. 
Rotary slide tray, storage container and Chairman, Dept. of Neurology, Baylor College of Medicine 
descriptive text are included with Therapeutic Approaches—Applied Immunology 
Peter C. Dau, M.D. 
Synchronized Cassette Tape. Assistant Clinical Professor of Medicine, University of California at San Francisco 
Other series are supplied with slides Moderator 
Stanley B. Holstein, M.D. 
BE descpive SURE DENY: Associate Neurologist, Columbia Presbyterian Medical Center, New York 
CHECK OFF SERIES DESIRED. Neurologist, Muscle Clinic, Westchester County Medical Center, Valhalla, N.Y. 
CLIP AND SEND WITH YOUR CHECK. : . 
Evening Session Held at: 
SATISFACTION GUARANTEED 8:00 p.m. Carl & Lily Pforzheimer Memorial 
OR YOUR MONEY REFUNDED. Building, Purchase, New York 
ORDER DIRECT OR ASK FOR CATALOG FB Bi se ded AND PREVENTION OF INHERITED MUSCLE DISEASE 
Leon Greenspan, M.D. 
Co-Director Jerry Lewis Neuromuscular Disease Center, New York University Medical 
MEDICAL FILM SLIDE DIVISION Co-Director Jerry 
Micro X-Ray Recorder, Inc. COCKTAILS AND DINNER 


6:00 to 8:00 p.m. 
3755 West Lawrence For further information please contact; 


Chicago, Ill. 60625 312/478-8560 Muscular Dystrophy Assoiation 
222 Mamaroneck Avenue 
White Plains, New York 10605 
914/946-2400 212/825-3355 
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A new journal from Cambridg 
] and Brain Sciences 
An International Journal of Current Research and Theory with Open Peer Commentary 


Editor: Stevan Harnad 


Associate Editors: Animal Intelligence David Premack, Behavioral Biology To be ap- 
pointed, Cognition and Artificial Intelligence Zenon Pylyshyn, Ethology and Neuro- 
ethology John C. Fentress, Higher CNS Function Robert W. Doty, History and Systems 
Julian Jaynes, Language and Cognition Peter Wason, Neurobiology Barry H. Smith, 
Neuropsychology Karl Pribram 


The Behavioral and Brain Sciences offers an opportunity for an exciting and extraordi- 
nary form of scientific communication among researchers in any area of psychology, 
neuroscience, behavioral biology and cognitive science. Original articles (and occasion- 
ally also précis of recent books or previously published articles) appear simultaneously 
with Commentary from fifteen, twenty or more of the author’s peers from across the 
spectrum of BBS disciplines together with the author’s response. Any continuing com- 
mentary is carried over to subsequent issues. 


Articles scheduled to appear, with Open Peer Commentary, in 
Volume 1, Number 1 (expected May 1978)... 


Dalbir Bindra (McGill University) How Adaptive Behavior is Produced: A Perceptual- Motivational 
Alternative to Response-Reinforcement & Commentary 

Irving Kupfermann and Klaudiusz R. Weiss (College of Physicians and Surgeons, Columbia 
University) The Command Neuron Concept & Commentary 

Zenon Pylyshyn (University of Western Ontario) Computational Models and Empirical Constraints 
& Commentary 


P.E. Roland (Bispebjerg Hospital, Copenhagen) Sensory Feedback to the Cerebral Cortex During 
Voluntary Movement in Man & Commentary 


More than 300 researchers from throughout the world have already joined the growing 
network of BBS Associates, who provide commentaries and/or assistance with the rigor- 
ous BBS refereeing process. If you would like information on becoming an Associate, 
have suggestions for topics suitable for Open Peer Commentary treatment in BBS, or 
need instructions for preparation of manuscripts, please write to the Editor, Stevan Har- 
nad, at P.O. Box 777, Princeton, NJ 08540. 

BBS is published quarterly. Each issue contains 160 pages in an 8% x 11", two-column 
format. Subscription price: Individuals $30.00. Institutions $60.00. Special introductory 
rate for Volume 1 (1978): Individuals $24.00. Institutions $48.00. (A 20% discount): A 
student rate of $16.00 is available to those who provide proof of eligibility with order. 


Please enter my subscription to Volume 1 (1978) of The Behavioral and Brain Sciences at 
the special introductory rate (a 2096 discount). 


[ ] Individual $24.00 LJ Institution $48.00 [ ] Student $16.00 (proof enclosed) 











Name 
Address 
City State/Prov) 2-13 e eom tak bh 
Charge [ ] Master Charge Interbank No. 4-digit 

LJ] VISA/BankAmericard no. above name on card REKE 
Charge 


Card No. BS keke TELEFRRTE] Payment enclosed $ | | 


Exp. Date — — ... .- Signature 





Cambridge University Press 32 East 57th Street. New York, NY 10022 





imbalance 


a central problem 
in the management of Parkinson’s disease 








Posed by professional models. 


by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 


MSD parkinsonian patient back into balance 





Sinemet 
can mean aworld of difference 
for some parkinsonian patients... 


Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 

9 rigidity 

e bradykinesia 

€ tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson's 
disease may enable some patients 
to carry out such routine daily 
activities as: 

9 dressing 

e walking 

0 eating 

€ maintaining personal hygiene 


SINEMET is contraindicated in: 


@ Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


@ Patients with known hypersensitivity to this drug. 


@ Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Q Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 





All cautionary information with levodopa 
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and that difference 
often depends on proper dosage 






Start with SINEMET-25/250 $50 mgievodopa —— 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 


‘A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa-the 
poper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson's disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. ^ time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 

yt is necessary to individualize therapy and to monitor the patient closely during the dose 
adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 

Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


*anhydrous equivalent 
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Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET Guid not be 

iven concomitantly. MAO inhibitors must be discontinued at 
east 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current Pd aie ftit Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 


Exercise care in administering SINEMET, as with levodopa, to 
nationtc with hictary af mvncardial infarction who have residual 


function should be monitored with particular care during period 
of initial dosage adjustment, in a facility with provisions for 
intensive Cardiac Care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects of! 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten - 
sive drugs. When SINEMET is started, dosage adjustment of the: 
antihypertensive drug may be required. (For patients receiving 
pangane, see the contraindication on MAO inhibitors.) 

Since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson's disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
observed for loss of antiparkinsonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a Causa! 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
D. (the “on-off” phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sweating, 
bizarre breathing patterns, urinary retention, urinary incontey 
nence, diplopia, blurred vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense of 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and 
activation of latent Horner’s syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. J65102 R1 (DC 6834803) 
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Original Contributions 


Antibodies Against Arboviruses 


in Postencephalitic 


and Idiopathic Parkinson’s Disease 


Teresita S. Elizan, MD; Jerome Schwartz, PhD; Melvin D. Yahr, MD; Jordi Casals, MD 


e Serum and CSF from patients with 


classic von Economo's postencephalitic . 


Parkinson’s disease, idiopathic Parkin- 
son’s disease and non-Parkinsonian neu- 
rological controls were tested for hemag- 
glutination-inhibition antibodies to 17 


arboviruses. All 35 CSF specimens from 


patients with idiopathic Parkinson’s dis- 
ease and controls were negative (ie, no 
inhibition of hemagglutination) with all the 
antigens. Of the total of 124 serums from 
the three study groups, 105 were also 
negative with all antigens tested. The only 
positive results were given by 19 serum 
specimens against one or more of group 
B arbovirus antigens, and/or against 
Batai and western equine encephalomye- 
litis antigens. There were no definitive 
differences in the distribution of these 
positive serum titers among controls, idio- 
pathic Parkinson’s, and postencephalitic 
Parkinson’s cases. A causal relationship 
of the arboviruses tested with either the 
classical postencephalitic or idiopathic 
Parkinson’s disease is not supported by 
the results of this study. 
(Arch Neurol 35:257-260, 1978) 
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he possible association of viral 

infection of the CNS and Parkin- 
son’s disease has been suspected ever 
since a form of parkinsonism was 
described following the pandemic of 
von Economo’s encephalitis lethargica 
which occurred from 1916 through 
1926. The agent for this acute menin- 
goencephalomyelitis was never con- 
vineingly established, but its clinical 


and pathological features strongly 


suggested an infectious, probably 
viral, cause. The concomitant oc- 
currence of the influenza epidemic of 
1918 later implicated the swine 
influenza virus as the most probable 
etiological agent.'? But the postulated 


Accepted for publication Oct 13, 1977. 

From the Department of Neurology, (Drs 
Elizan, Schwartz, and Yahr) Mt Sinai School of 
Medicine of the City University of New York and 
the Department of Epidemiology and Public 
Health, (Dr Casals) Yale University School of 
Medicine, New Haven, Conn. 

Reprint requests to Department of Neurology, 
Mt Sinai School of Medicine, Annenberg Build- 
ing, Room 14-86B, Fifth Avenue and 100th 
Street, New York, NY 10029 (Dr Elizan). 


relationship of von Economo's disease 
and its postencephalitie parkinsonian 
sequelae with an influenza virus 
remains to be proved. Recently, a 
report! of intranuclear fluorescence 
antigens to two strains of influenza 
type A virus (NWS and WSN) in the 
substantia nigra and hypothalamus of 
patients with postencephalitie Parkin- 
son’s disease has again raised the 
possibility of a variant of influenza 
virus as an associated agent; this 
observation has not yet been con- 
firmed. To our knowledge, no other 
laboratory to date has had the oppor- 
tunity to study similar postmortem 
brain material. 

Rare cases of acute, often tran- 
sitory, parkinsonian syndromes tem- 
porally associated with encephalitides 
other than von Economo’s disease 
have been reported for coxsackie vi- 
rus B2,°° Japanese B encephalitis,- 
western equine  encephalomyelitis 
(WEE), tick-borne encephalitis,''-'? 
influenza type A virus,? and other 


unidentified, presumably viral, 
agents.'*'!* 
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Until quite recently, there have 
been only two reports in the literature 
that included viral antibody studies in 
groups of patients with parkinsonian 
syndromes. Eadie et al"? tested serums 
from patients with Parkinson’s dis- 
ease for Murray Valley encephalitis 
(MVE) antibodies and concluded that 
this arbovirus did not seem to be 
associated with the poszencephalitic 
parkinsonian syndromes in Australia. 
Elizan et al, in their reevaluation of 
patients with amyotrophic lateral 
sclerosis (ALS) and parkinsonism- 
dementia in the island o? Guam, had 
also reported viral antibody studies on 
serums of 59 patients and 27 control 
patients for the following viruses: 
adenovirus; coxsackie virus A types 2, 
8, and 9; coxsackie virus B types 1 
through 6; echoviruses 6, 9, 11, 16; type 
A, B, and C influenza virus; herpes 
simplex virus; mumps; parainfluenza 
virus 1, 2, 3; poliovirus 1, 2, 3; psittaco- 
sis; reovirus 1; respiratory syncytial 
virus; rubeola; group A arboviruses 
(eastern equine  encephalomyelitis 
(EEE) (WEE, Chikungunya) and 
group B arboviruses (Japanese B, St 
Louis encephalitis [SLE], Powassan, 
dengue 1 and 2) Their serological 
results were essentially negative, ie, 
there were no demonstrable differ- 
ences between patients and controls 
regarding the occurrence of viral anti- 
bodies. Viral isolation studies on CSF 
of patients and controls were likewise 
negative. 

With the recent developments in 
slow viral infections of the nervous 
system, there has been a renewed 
interest in the search for a possible 
viral agent in Parkinson's disease. We 
report part of a broad ongoing study 
for evidence of virus or virus-specific 
produets in parkinsonism. It focuses 
on the arboviruses (arthropod-borne) 
as possible candidate viruses because 
of their relative ubiquity, their known 
capacity to involve the brain, and their 
penchant for causing persistent and 
latent infections in arthropods and on 
occasion, in vertebrates.'* 


PATIENTS AND METHODS 


Serum specimens were obtained from 29 
patients with classical postencephalitic 
Parkinson’s disease at a chronic disease 
hospital in New York City; from 45 
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Table 1.—Hemagglutination-Inhibition Test Against Arbovirus Antigens Using 


Serums and CSFs From Parkinsonian and Control Patients 





Disease Category 
Control 


No. of Serums No. of CSF 
Tested Positive Tested Positive 


50 10 19 0 
7 16 0 


Idiopathic Parkinson's disease 45 
Postencephalitic Parkinson's disease 29 2 NS* NS 


*NS indicates no specimen available for testing. 


patients with idiopathie Parkinson's dis- 
ease who were randomly selected from 
among several hundred parkinsonian pa- 
tients at the Mt Sinai Hospital's Clinical 
Center for Parkinson's Disease; and from 
50 nonparkinsonian neurological patients 
(controls) who were matched for race, 
ethnic origin, sex, and age (+ 5 years) and 
were seen at our neurology offices or 
admitted to the acute neurological facili- 
ties of our hospital (Table 1). Cerebrospinal 
fluid specimens were obtained from 16 
patients with idiopathic Parkinson's dis- 
ease (11 of whom had paired serums) and 
from 19 control patients (all of whom had 
paired serums). No CSF was available from 
any of the postencephalitic patients. 

The diagnostic criteria for secondary 
postencephalitie and primary idiopathic 
parkinsonism as discussed previously by 
Hoehn and Yahr^ were used in this study. 
The 50 control patients had the following 
neurological diagnoses: acute cerebrovas- 
cular accidents were found in 15, interver- 
tebral disk disease in 18, acute spinal cord 
compression syndrome in five, seizure 
disorder of undetermined cause in five, 
primary brain tumor in five, peripheral 
neuropathy in three, subdural hematoma in 
two, Arnold-Chiari malformation in one, 
and Alzheimer's disease in one. 

The serum and CSF specimens were 
collected in the summer and fall of 1976, 
divided into 1 to 3 ml samples, and stored 
at —20 C until tested in early 1977. 

The hemagglutination-inhibition (HI) 
test was performed as previously de- 
scribed.*' To remove nonspecific inhibitors, 
serums and CSF were treated with 2596 
and 6.25% kaolin, respectively; nonspecific 
agglutinins were removed by adsorption 
with goose erythrocytes. All specimens 
were screened in dilutions 1:10 and 1:20 
against all the antigens; positive serums at 
a dilution of 1:20 were retested at higher 
dilutions to determine endpoints. A routine 
microtest was used with a total volume of 
reagents equal to 0.1 ml; the serum and 
antigen mixture, 0.025 ml of each, were 
held at 4 C for 18 hours, then the suspen- 
sion of goose erythrocytes, 0.05 ml of 0.4% 
packed cells, at the required pH was added. 
All of the specimens were tested against 


eight units of each of the following anti- 
gens: group A, alphaviruses: EEE, WEE, 
Venezuelan equine encephalomyelitis virus 
(VEE). Chikungunya virus, Mayaro virus, 
Ross River, and Semliki forest virus; group 
B, flaviviruses: MVE, dengue type 2 (D2), 
Powassan virus (POW), Wesselsbron dis- 
ease virus (WESS), Zika virus, US bat 
salivary gland virus (USB), SLE, and 
Bussuquara virus (BUSS); group Bunyam- 
wera, bunyavirus: Batai virus; group Cali- 
fornia, bunyavirus: California encephalitis 
virus. | 

The titer of a serum was given by the 
highest dilution that completely inhibited 
agglutination. 


RESULTS 


All 35 CSF specimens and 105 of a 
total of 124 serums were negative (ie, 
no inhibition of hemagglutination at a 
dilution of 1:10 or 1:20) with all of the 
antigens tested. The only positive 
results were given by 19 serum spec- 
imens (Table 2) against one or more of 
group B arbovirus antigens, and/or 
against two specimens of Batai virus, 
and against one specimen of WEE. 
Except for the latter specimen, no 
serum was positive with any of the 
seven group A arbovirus antigens 
tested; also, no serum was positive 
with California encephalitis virus an- 
tigen. Table 2 gives data for the 
serums of two controls, two patients 
with idiopathic Parkinson's disease 
and one patient with postencephalitic 
Parkinson's disease with positive re- 
sults against all of the eight group B 
arbovirus antigens tested. Serum 
from one other patient with idiopathic 
Parkinson's disease showed positive 
results against all group B, except 
with D2. The rest of the specimens 
gave low titers in the 10's and 20's, 
usually with MVE and SLE antigens, 
two of the most strongly reactive to 
group B. Serum from one patient with 
postencephalitic and one with idio- 
pathie Parkinson's disease were posi- 
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Table 2.—Positive Hemagglutination-Inhibition Against Arbovirus Antigens 
With Serums From Parkinsonian and Control Patients 


Antigen* 


———— eee nn a cc cc — LLL 


Murray 


Serum Valley 


No. Encephalitis Type 2 Powassan Wesselsbron Zika 


Control 


Idiopathic 
Parkinson's 
disease 


Postencephalitis 
Parkinson's 
disease 533 


559 


*Values are reciprocals of serum titers. 


Dengue 


US Bat 
Salivary 
Gland 


TMinus sign (—) indicates negative or no inhibition. 


tive with Batai virus antigen of group 
Bunyamwera. There were no differ- 
ences between patients with positive 
and negative HI test results within 
any of the study groups regarding 
age, sex, and epidemiological history. 
There were no substantial differences 
in the distribution of these 19 positive 
serum titers among the control pa- 
tients, patients with idiopathic Par- 
kinson's disease, and patients with 
postencephalitic Parkinson's disease. 


COMMENT 


Arthropod-borne viruses (arbovi- 
ruses) cause a persistent infection of 
the arthropod host with very little or 
no damage to it. In addition, some of 
these viruses can induce chronic, 
persistent infections in their verte- 
brate host, including, in a few 
reported instances, man.'* The several 
arboviruses that are pathogenic for 
man” and are characterized by their 
Y capacity to induce severe encephalitis 
are EEE, WEE, SLE, MVE, Japanese 
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B encephalitis, Russian spring-sum- 
mer encephalitis, and others with 
lesser frequency. The initial outbreak 
of SLE in 1933, was the first epidemic 
of encephalitis due to an arbovirus 
observed in the United States.^*^* 
Subsequent recurrent epidemics and 
epizootics of SLE, Japanese B enceph- 
alitis, EEE, WEE, and other arbovi- 
ruses have occurred. The epidemiology 
and clinicopathological picture of the 
resulting acute encephalitides for 
most of these viruses are fairly well 
described in the literature, but the 
major neurological sequelae have not 
been studied as thoroughly.’ A par- 
kinsonian syndrome in the form of a 
severe progressive sequelae, appar- 
ently developed in six adults after a 
small Colorado epidemic of WEE 
(serologically confirmed) that  in- 
volved 25 patients.’ Parkinsonian 
symptoms had been observed in eight 
of 143 cases of Japanese B encepha- 
litis occurring within 20 to 30 days of 
the acute encephalitic stage,’ but they 


St Louis 
Encephalitis Bussuquara 


Western 
Equine 
Encephalo- 
myelitis Batai 





constitute only a small part of a more 
diffuse pattern of illness, character- 
ized by an inflammatory panencepha- 
litis. Despite the fact that Japanese B 
encephalitis habitually attacks the 
substantia nigra, this lesion is not 
predominant in the pathology of this 
disease. There are no reports of a 
parkinsonian sequelae after SLE or 
EEE. 

The HI test was chosen for our 
investigation because cross reactions 
among viruses of groups A or B are 
more extensive with this test than by 
other common serological tests,” 
which increases the likelihood of 
detecting antibodies induced by arbo- 
viruses not represented in the battery 
of antigens used. Given the back- 
ground of the patients, antigens were 
selected in such a way as to include 
most hemagglutinating human patho- 
genie arboviruses present in the 
United States. Other antigens were 
chosen for their high sensitivity as 
detectors of antibodies within their 
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antigenic groups: MVE, WESS, and 
Chikungunya; and still others were 
chosen in order to expand the scope of 
this survey. Given the nature of the 
HI test, the results reported here were 
not interpreted as indicating that 
antibodies against a given virus were 
necessarily induced by exposure of the 
patient to that particular virus, but 
rather to an unspecified virus of the 
same antigenic group. Some serums, 
no. 381, no. 392, and no. 514, gave the 
type of reaction often associated with 
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sequential exposure to two viruses of 
the same group, namely, relatively 
high and similar titers with most of 
the antigens of that group. 

There has been a remarkable lack of 
acceptable data in the literature 
linking arboviruses and Parkinson's 
disease. Our own negative results in 
this report suggest that arboviruses 
probably do not play a substantial role 
in the etiology and pathogenesis of 
the two classical types of Parkinson's 
disease. 
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Possible Treatment by Increasing the Daily Doses of Levodopa 


Francois Lhermitte, MD; Yves Agid, MD; Jean-Louis Signoret, MD 


e Ballistic and dystonic involuntary 
movements occurring at the beginning 
and end of the period of levodopa efficacy 
are described in nine patients exhibiting 
dyskinesias during long-term levodopa 
therapy. In contrast to classical abnormal 
interdose movements, these biphasic dys- 
kinesias were reduced by increasing and 
fractionating the daily doses of levo- 
dopa. 

(Arch Neurol 35:261-263, 1978) 


he induction of abnormal involun- 

tary movements is the most 
serious limiting side effect of levo- 
dopa therapy in patients with Parkin- 
son's disease. These  dyskinesias, 
which characteristically include cho- 
reoathetoid movements, occur at a 
time of maximum improvement of the 
parkinsonian symptoms when levo- 
dopa plasma levels are high’ (inter- 
dose dyskinesias) and are generally 
reduced by lowering the daily doses of 
levodopa.* In some cases the develop- 
ment of extremely severe dyskinesias, 
whether they are twisting move- 
ments? or hemiballism,* requires the 
interruption of levodopa treatment. 
More recently a new set of dyskinesias 
was described,*-* characterized mainly 
by its occurrence at the beginning and 
at the end of the period of remission 
of parkinsonian symptoms induced by 
levodopa. We now report that, para- 
doxically, these “onset and end-of- 
dose” dyskinesias can be relieved by 
increasing the daily dosage of levo- 
dopa. 
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SUBJECTS AND METHODS 


Of 55 Parkinson’s disease patients exhib- 
iting a high incidence of abnormal invol- 
untary movements while undergoing long- 
term levodopa therapy, 13 had onset and 
end-of-dose dyskinesias. Nine of the 
patients were selected for careful analysis 
and treatment (Table 1). In this group, 
symptoms of Parkinson’s disease were 
severe (4.2 + 0.3), according to the scale of 
Yahr et al,’ and mainly characterized by an 
early onset of the disease. Akinesia was 
always a prominent symptom associated 
with intellectual sluggishness, whereas 
tremor was absent in patient 3. There was 
no family history of the disorder and no 
cause could be found except for a history of 
encephalitis in patient 8. A unilateral thal- 
amotomy had been performed in patient 6. 
All subjects were informed of the purposes, 
risks, and potential benefits of the project. 
After admission to the hospital, patients 
continued to take their usual dose of levo- 
dopa in combination with the normal dose 
of peripheral dopa-decarboxylase inhibitor 
(PDI). Benserazide was used in seven 
patients and carbidopa in two patients. In 
addition, all of them received an anticholin- 
ergic medication. 

Parkinsonian motor disability was esti- 
mated by measuring the following signs: 
gait; posture; postural stability; speech; 
facial appearance; bradykinesia; alternate 
motion rate of fingers, forearms, and feet; 
rigidity and tremor of neck and upper and 
lower extremities. Each of these features 
was graded on a scale of 0 (normal) to 4 
(maximal severity). A total disability score 
was calculated. The highest theoretical 
disability score was 88. 

Short-term Study.—On the third day of 
hospitalization, the patients took their 
usual morning dose of levodopa plus the 
PDI. The parkinsonian symptoms and 
dyskinesias were observed continuously 
until the effect of the drug had completely 
disappeared. Neurological evaluation was 
made before administration of levodopa 
plus the PDI and during the phase of 
maximum relief of parkinsonism. For each 
patient the experiments were repeated 


several times. The results were reproduc- 
ible. Percentage change in levodopa- 
induced improvement and average dura- 
tion of clinical remission and dyskinesias 
were calculated. 

Long-term Study.—During the next 15 
days, continuous clinical autoassessment of 
motor disability® (using a 0 to 4 point 
rating scale for both dyskinesia and 
parkinsonism) was made every 15 to 30 
minutes for 12 hours each day in patients 
receiving different doses of levodopa plus 
the PDI. The duration of parkinsonism and 
of dyskinesias was estimated daily. During 
this phase, levodopa therapy was adapted 
progressively by increase and fractiona- 
tion of the daily doses of levodopa plus the 
PDI. Clinical improvement was calculated 
by comparing duration of the parkinsonian 
syndrome and abnormal involuntary move- 
ments before and after modification of 
treatment. 


RESULTS 


As shown in Table 1, the abnormal 
involuntary movements occurred 
13.6 + 4.5 months after the first 
administration of levodopa (+ PDI). 
Their severity was maximal in pa- 
tients 2 and 6 with advanced Parkin- 
son’s disease contrasting with the 
moderate disability of the dyskinesias 
in patients 7 and 9 with less severe 
parkinsonian symptoms, suggesting 
that onset and end-of-dose dyskine- 
sias were aggravated during progres- 
sion of the disease. The clinical 
pattern of these dystonic and ballistic 
abnormal movements were observed 
closely when carrying out the short- 
term study. 

Short-term Study.— Following the ad- 
ministration of a single dose of levo- 
dopa plus the PDI, the first period of 
involuntary movements appeared af- 
ter a variable time (15 to 55 minutes) 
and lasted from 3 to 33 minutes (Table 
2). This phase, which was extremely 
violent, consisted of bursts of sudden 
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Table 1.—Characteristics of Patients 


Onset and End-of-Dose Dyskinesias 


Parkinsonism 
Patient/Age, Duration of Levodopa a ai ea eRe | Time After Onset of Main 
yr/Sex Treatment, yr Age at Onset, yr Levodopa Treatment, mo Characteristics 


1/56/F 6 45 4 c 24 Dystonic 
2/53/M 6 47 5 Immediate Ballistic 
3/52/F 12 Dystonic 


4/48/M Dystonic and 
ballistic 


5/49/F Ballistic 


6/58/M ee Dystonic and 
ballistic 


7/54/M 5 47 3 38 Dystonic 
8/69/F 7 56 5 21 Ballistic 
9/48/F 5 39 3 2 Dystonic 


Mean + SEM 
= 54.1 + 2.2 


*From Yahr et al.’ 


45.9+1.7 





13.6 + 4.5 


Table 2.—Effect of the Administration of One Dose of Levodopa Plus the PDI 


Severity of 


Motor Disability min 


Before 
Dose of 
Levodopa 
(mg) + PDI; 


Levodopa 


Patients* + ES 


Mean +SEM 
= 197 + 31 


44.7 + 4.2 


*Number of experiments in parentheses. 


Administration of 


Delay After 
Administration 
of Levodopa 
+ PDI 


During Period 
of Maximum 
meer mem 


1PDI: benserazide in all but patients 7 and 9 who received carbidopa. 


iSee methods. 


repetitive flexion-extension of the 
proximal muscles of the leg (on the 
side first affected by the disease) 
associated with dystonic movements 
of the foot. Involvement of the 
contralateral leg (seven patients), the 
trunk (five patients), the homolateral 
arm (four patients), the whole body 
(two patients) occurred occasionally. 
The patients were in a clinical "in 
between" state, ie, progressive alle- 
viation of akinesia alternating with 
abrupt reinforcement of parkinsonian 
signs during the paroxysms of dyski- 
nesia. Anxiousness, sweating, and 
tachycardia were always present. 
Within a few seconds, this brief 
hyperkinetic phase was followed by a 
signifieant 8476 reduction in parkin- 
sonian motor disability (Table 2). 


During this hypotonic period, inter- 
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dose dyskinesias were observed in five 
patients. Dysphonia, dysphagia, and 
blepharospasm were observed in pa- 
tients 2, 5, 6, and 9. Patient 4 had mild 
choreoathetoid movements of the neck 
and of one arm that were less affected 
by the disease and not affected by the 
onset and end-of-dose dyskinesias. 
Curiously, during this symptom-free 
period, transient dystonic and ballistic 
movements of the leg could be trig- 
gered by sustained flexion-extension 
of the head. A set of hyperkinesias 
similar to those observed during the 
first phase, but generally less severe 
and longer (Table 2), was observed at 
the end of this period, just before 
akinesia again became manifest. No 
difference was observed in the aspect 
and duration of the dyskinesias when 
either benserazide or carbidopa was 


Duration 


Clinical Improvement, 


Duration of 
Dyskinesias, min 
(AAO 

End of 


Onset E Dose m 





used as the PDI in combination with 
levodopa. The abnormal movements of 
patient 6 (with a unilateral thalamot- 
omy) and patient 8 (with postenceph- 
alitic parkinsonism) had no specific 
character or distribution. 

Long-term Study.—The progressive 
41% increase of the initial daily doses 
of levodopa plus the PDI (Table 3) not 
only provided an extension by 70% of 
the periods of clinical improvement 
but also induced a reduction by 46% of 
the duration 6f the phases of hyperki- 
nesias during the 12-hour observation 
period. However, when present, the 
characteristics of the abnormal move- 
ments were not significantly modifi- 
ed, although their intensity was 
decreased. The occurrence of the first 
and the last burst of abnormal move- 
ments (following the administration 
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Table 3.—Effect of Increasing Daily Doses of Levodopa Plus the PDI 
on the Duration of Parkinsonism and ‘‘Onset and End-of-Dose'' Dyskinesias 


Before Modification of Treatment 


mm mm 


Levodopa + PDI 


Patients Doses/Day 


mg/Day 


— 


Parkinsonism 


Duration, min/12 hr 


After Modification of Treatment 
M AIMM 
Levodopa + PDI 


Duration, min/12 hr 


IMG PE Je NEMPE: E E 


Dyskinesias mg/Day 


Doses/Day 


Parkinsonism Dyskinesias 


600 6 180 195 1,000 5 30 180 
400 480 65 1,200 30 30 


M“ 
o | % 


300 


NIOJ] AJ% 


co 
C5» [cCo|co|rno|Co| C 


© 


of the first dose of levodopa and 
terminating the clinical benefit in- 
duced by the last dose of the drug) 


could not be avoided. In patients 2, 7,- 


and 8, we were compelled to limit the 
dose of levodopa due to drowsiness 
and confusion. Unexpectedly, aggra- 
vation of interdose dyskinesias was 
not a limiting factor. 


COMMENT 


The onset and end-of-dose dyskine- 


= sias observed in our patients were 


characterized by three main features: 
(1) They occurred in young akinetic 
and severely affected parkinsonian 
patients suggesting that their genesis 
was dependent on special neuropatho- 
logical features when compared with 
common Parkinson’s disease. The only 
patient for whom the onset of the 
illness had appeared at an older age 
had had encephalitis (patient 8). (2) 
The abnormal movements were trig- 
gered by levodopa plus the PDI, 
confirming results from our previous 
study* in agreement with the report of 
Muenter et al.* Other dopamine recep- 
tor stimulating agents such as apo- 
morphine or bromocryptine were 
shown to induce the same pattern of 
biphasic involuntary movements." 
Worsening of akinesia and dyskine- 
sias was observed after reduction of 
the daily doses of levodopa plus the 
PDI or by administration of dopamin- 
ergic antagonists such as Tiapride* or 
haloperidol? A similar observation 
was made by keeping low dopa 
concentrations in plasma in a patient 
having meals rich in protein.® On the 
contrary, as shown in this study, after 
ingestion of one dose of levodopa plus 
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510 
360 
480 
360 
360 
290 


367 + 36 


the PDI, disappearance of end-of-dose 
dyskinesias can be obtained by admin- 
istering a second dose of the drug 
earlier. Thus, these pharmacological 
observations suggest that the mecha- 
nism of onset and end-of-dose dyski- 
nesias is essentially dependent on the 
modification of the dopaminergic 
transmission at central synaptic site. 
(3) These striking abnormal move- 
ments appeared neither at the time of 
clinical efficacy of levodopa therapy 
nor when the patients were in an 
akinetic state but at the onset and end 
of action of levodopa. In another 
report^ the occurrence of onset and 
end-of-dose dyskinesias was corre- 
lated with levodopa plasma levels 
following administration of one dose 
of levodopa (+ PDI). From this study 
it appeared that, in contrast to inter- 
dose dyskinesias, these biphasic ab- 
normal movements were not present 
when levodopa concentrations in plas- 
ma were high after administration of 
the drug but could be observed during 
the increasing and decreasing phases 
of blood levels of levodopa and/or its 
metabolites. ^ These observations, 
which were also made by Muenter et 
al; led us to increase the frequency of 
administration and the daily doses of 
levodopa (+ PDI) in order to maintain 
high and more constant levels of levo- 
dopa and to suppress the symptomatic 
fluctuations. 

The improvement in the duration of 
parkinsonism and dyskinesias in our 
nine patients was obtained under 
rigorous supervision because of the 
risk of psychiatric effects resulting 
from multiplying the doses of levodpa 
plus the PDI. Since the pattern of 


o |o 
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these onset and end-of-dose abnormal 
movements can be modified by differ- 
ences in the schedule of administra- 
tion of levodopa, by changes in food 
intake, or by stresses such as move- 
ment or emotion, long-term prognosis 
of this therapeutic approach must be 
cautious. 

The aspect, timing, and treatment 
of these biphasic onset and end-of- 
dose dyskinesias readily distinguish 
them from the usual monophasic 
interdose dyskinesias seen with levo- 
dopa therapy. Their mechanism is 
under investigation. 


Nonproprietary Name and 
Trademarks of Drug 


Levodopa—Larodopa, Dopar, 


Bio-Dopa. 


Bendopa, 
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Cerebral Microembolization 


II. Morphological Studies 


Franz J. Schuier, MD; W. Michael Vise, MD; Konstantin A. Hossmann, MD; K. J. Zülch, MD 


e Cats underwent massive microem- 
bolization via carotid infusion of 10.5 
million microspheres (15 + 5, in diame- 
ter), resulting in brain death within four 
hours; 87.4 + 10.2% of emboli reaching 
the brain were in the ipsilateral hemi- 
sphere; 87.9 + 4.4% were in the grey 
matter; and 12.1 + 4.4% were in the white 
matter. Evans blue and sodium fluores- 
cein dyes were given intravascularly 
before and at different times after emboli- 
zation. Fluorescence microscopy dis- 
closed that embolization initially pro- 
voked a hyperemic engorgement of both 
the embolized and nonembolized hem- 
ispheres. Multifocal, blood-brain barrier 
extravasations occurred throughout the 
ipsilateral cortex and oral basal ganglia. 
Severe vasogenic brain edema ensued, 
with migration of extravasations from 
cortex into the white matter, which initially 
showed only minimal injury. Migration 
and accumulation of edema in white 
matter, with subsequent uptake and swell- 
ing of neuroglia and axons, may be 
related to secondary white matter damage 
following cortical embolic lesions. Degen- 
erative foci developed throughout the 
embolized cortex over the one- to four- 
hour period of this study. These sites may 
correspond to those areas in which hyper- 
emia and damage to the blood-brain 
barrier was present shortly after emboliza- 
tion. 

(Arch Neurol 35:264-270, 1978) 
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icroembolization of the brain has 
been considered to be a useful 
model for studying various effects of 
cerebral ischemia. Reevaluation of the 
pathophysiology of microembolization 
in the first part of this investigation 
led to the conclusion that the embolic 
injury is not caused by ischemia alone 
but seems to be far more complex.’ 
The type and the time course of the 
pathophysiological events depend 
largely on the size and number of 
emboli used. In experiments per- 
formed by Zülch and Tzonos,*? 5 to 10 
mg of microspheres with a diameter 
of 30 to 37u (75,000 to 300,000 spheres) 
produced few grey matter changes 
but preponderantly white matter ede- 
ma and demyelination, comparable to 
the effects of fat embolism in man.*? 
Swank and Hain,‘ and Steegmann and 
Fuente’, using 100,000 to 1,240 million 
spheres with diameters varying from 
10 to 60 u, observed focal ischemic 
injury in the grey matter but rela- 
tively little edema. A high dose of 10.5 
million spheres with a diameter of 15g 
in the present experiment did not 
produce significant ischemia or anox- 
ia, because of a compensatory increase 
in flow rate in nonoccluded vessels.' 
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Ischemia was a secondary conse- 
quence due to the development of 
severe vasogenic brain edema that 
caused a gradual increase in vascular 
resistance and an increase in intra- 
cranial pressure. The ultimate reason 
for tissue damage in this model of 
microembolization therefore appears 
to be brain edema and not the initial 
ischemic impact. 

In the present investigation, the 
effeets of microembolization on the 
microvasculature are studied with flu- 
orescent microscopic techniques. In 
this way, the patency of the vascular 
bed following embolization, the per- 
meability of blood-brain barrier to 
macromolecules, and the formation of 
the edema could be investigated. In 
addition, the progression of more 
slowly developing histological altera- 
tions, some of which have been 
previously described,"* were exam- 
ined by light microscopy. 


MATERIALS AND METHODS 
Animal Preparation 


Forty-six cats, 2.5 and 3.5 kg, were 
anesthetized with pentobarbital (Nembu- 
tal, 30 mg/kg, intraperitoneally) immobi- 
lized and mechanically ventilated with 
room air. Thirty-nine of these animals 
were embolized with intracarotid injection 
of 10.5 million microspheres (15 + 5 y in 
diameter) via the left lingual artery, as 
described in the first report of this series.’ 
The animals were allowed to survive for : 
various predetermined periods after embo- 
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lization (2.5 minutes to 4 hours) and then 
killed by intravenous injection of pentobar- 
bital or potassium chloride. Seven animals 
provided histological controls, three of 
these animals underwent sham-operations, 
with physiological recordings and injection 
of the medium used for the suspension of 
microspheres only. 


Morphological Studies 


Sodium fluorescein, 0.5 ml/kg of a 10% 
solution, was given intravenously several 
minutes before embolization. The same 
animal received Evans blue, 3 ml of a 2% 
solution into the femoral vein 5 to 15 
minutes before death. 

In four animals, this order of dye admin- 
istration was reversed. In three animals, 
the distribution of postembolie microflow 
was studied with Evans blue dye, given 
intra-arterially into the left lingual artery 
12 seconds prior to death." 

Gross examination of whole and coronal- 
ly sectioned brain was made with an oper- 
ating microscope. An ultraviolet lamp was 
used for examination of gross fluorescence 
of sodium fluorescein in freshly removed 
specimens. Brains were then placed in a 
1076 formaldehyde-saline solution, stored 
for one or two days, and subsequently 
sectioned to 16, 24, and 60 u, with a freezing 
microtome. Frozen sections were dried at 
60 C for five minutes, mounted in a 
nonfluorescent mountant, and examined 
with a fluorescence microscope for fluores- 
cence of Evans blue dye. Photomicrographs 
were made using a high speed, daylight 
color film. 

Routine sections were stained with 
hematoxylin-eosin, cresyl-violet, and Mas- 
son's trichrome stain. Histological controls 
were obtained from four normal and three 
sham-operated animals. 


RESULTS 
Gross Examination 


Freshly removed brains of controls 
and sham-operated animals did not 
show any pathological alterations. 
Embolized brains were blue over the 
entire ipsilateral hemisphere and up- 
per cerebellum if Evans blue dye had 
been given during the first hour 
following embolization. This is de- 
scribed in detail below. The embolized 
brains showed, on the surface of the 
ipsilateral hemisphere and cerebel- 
lum, black (emboli were carbonized), 
truncated vessels entering the cortex 
and filled with accumulated emboli. 


Over the four-hour period of this. 


Fstudy, a progressing brain swelling 


| 


| 


became apparent, with flattened gyri, 
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Fig 1.—Distribution of microemboli in cerebral cortex (co), diencephalon (di), and white 
matter (wm) of left and right hemisphere following injection of emboli into left carotid 
artery. Emboli were counted in frontal sections at level of optic chiasma and expressed 
as percent of total number of emboli. Inset, Representative brain section demonstrating 
distribution of emboli throughout affected hemisphere; each point represents 196 of 


counted emboli. 


narrowed sulci, swelling, and shift of 
the ipsilateral hemisphere, with tento- 
rial and foraminal herniations. 

On the cross sections, vessels con- 
taining accumulations of emboli were 
distributed throughout the ipsilateral 
cortex and basal ganglia. Emboliza- 
tion sometimes occurred in the terri- 
tory of the anterior and middle cere- 
bral artery of the contralateral hemi- 
sphere. Cerebellar emboli were usually 
present and mostly ipsilateral. Embo- 
lization of the caudal brain stem was 
not seen. 


Light Microscopy 


Distribution of Emboli.—Compart- 
mental Analysis.—Microemboli 
lodged primarily in ipsilateral capil- 
laries and arterioles. Whole brain 
sections taken from the level of the 
optic chiasma and slightly posterior 
were systematically counted for the 
total number of emboli in various 
compartments (cortex, white matter, 
basal ganglia). The percentage of 
emboli that reached the forebrain and 
lodged in the ipsilateral hemisphere 
was 87.4% + 10.2%, and the percent- 


age in the contralateral hemisphere 
was 12.6% + 10.2% (Fig 1). Also, 
87.9% + 4.4% of these emboli were 
entrapped within vessels of the cortex 
and the basal ganglia, whereas 
12.1% + 4.4% were in the white mat- 
ter. This ratio is approximately that of 
the capillary density and the volume 
of the grey to white matter in the 
coronal section at the investigated 
level (Fig 1). In the ipsilateral side, 
emboli were distributed evenly over 
the whole hemisphere, whereas in the 
contralateral side, they usually were 
located in the territory of the anterior 
and middle cerebral artery. Coronal 
sections through the cerebellum and 
caudal brain stem showed that ipsilat- 
eral cerebellar embolization was com- 
mon, while emboli were rarely found 
in the caudal brain stem. 

Types of Vessels Embolized.—The 
type of vessels embolized and the 
number of entrapped emboli, ie, single 
or multiple (clumped), were analyzed. 
This showed that the highest number 
of emboli lodged within capillaries 
and arterioles. No emboli were found 
within veins. The relative number of 
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emboli lodging within small arte- 
ries increased, however, in brains con- 
taining higher numbers of emboli 
(Fig 2). 

In three animals, no emboli were 
found in the brain, presumably be- 
cause of anomalous circulation, with 
emboli never entering the cranial 
vault. 

Histological Alterations.—Grey Mat- 
ter.—No histological changes were evi- 
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dent before one to two hours, at which 
time a few rings of "spongy degener- 
ation" appeared in cortical and dien- 
cephalic sites. Such rings were some- 
times visible around blood vessels. In 
areas of spongy degeneration, both 
shrunken, pyknotic neurons as well as 
neurons of normal appearance were 
present. By three to four hours, 
multiple foci of degeneration were 
seen throughout the embolized grey 
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Fig 2.—Relationship between size of embolized vessels and number of emboli reaching 
brain. Emboli were counted in frontal sections, and embolized vessels identified as 
capillaries or arterioles (open circles) or small arteries (black circles). With increasing 
number of emboli filtered by brain, blockage shifts towards larger vessels. 
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matter (Fig 3 a). These areas were 
usually round or oval, with spongy, 
loosened neuropile containing pykno- 
tic and shrunken neurons. 

White Matter.—Injury of the white 
matter was related to brain swelling 
and could be seen between one and 
two hours after embolization. Inter- 
fascicular and perivascular spaces 
were enlarged, and oligodendroglia 
and axons appeared to be swollen. 
Blue staining with Masson’s technique 
indicative of edema formation was 
present by two hours in these loca- 
tions and increased over the four-hour 
period of this study, together with 
swelling of oligodendroglia.**° 

Fluorescence Microscopy.—Patency 
of Vessels Following Embolization.— 
The patency of cerebral vessels after 
embolization was studied by infusing 
Evans blue dye into the carotid artery 
for 12 seconds and killing the animals 
at the end of the injection period.'* 
This essentially amounted to an Evans 
blue angiogram that could be studied 
histologically under the fluorescence 
microscope. It appeared that numer- 
ous small vessels did not contain the 
tracer during one dye passage, indi- 
eating that multiple ischemie foci 
were present. 

When the tracer was allowed to 
circulate for a few minutes, however, 


Fig 3.—Left, Frontal section of brain four hours after embolization of left hemisphere (Nissl stain). Severe swelling of 
embolized hemisphere, with widening of gyri and narrowing of sulci, multifocal rings of degeneration within cortex and 
basal ganglia, and enlargement of white matter of affected hemisphere is seen. Right, Frontal section of brain four 
hours after embolization of left hemisphere (Evans blue dye was given before embolization). Severe swelling of 
embolized hemisphere, multifocal blood-brain barrier extravasations within cortex and basal ganglia, and heavy 
accumulation of tracer in white matter of affected hemisphere is seen. 
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vessels without Evans blue dye were 
not encountered. Even those vessels in 
which emboli lodged were not ob- 
structed, ie, Evans blue dye filling was 
seen both proximal and distal to the 
emboli. This could be due to an incom- 
plete obstruction, either with an 
embolus floating or by retrograde 
capillary flow. Embolization was also 
related to a hyperemic engorgement 
of the whole vascular bed of the ipsi- 
lateral hemisphere that usually per- 
sisted throughout the first hour (Fig 4 
a). At later intervals, nonfilling ves- 
sels and vascular collapse progressed, 
due to an increasing intracranial pres- 
sure, so that by four hours, few vessels 
within the brain were perfused. 

Permeability of the Blood-Brain 
Barrier.—The dynamic change of the 
blood-brain barrier and spread of 
edema were studied in the same 
animal by administrating two differ- 
ent color tracers. Sodium fluorescein 
was given before embolization in 
order to study extravasation and 
spread of the edema fluid in the 
course of the experiments. 

Evans blue dye, in addition, was 
injected shortly before death in order 
to prove the permeability of the blood- 
brain barrier at different postembolic 
survival times (2.5 minutes to 4 hours). 
In this way, it was possible to study 
the primary extravasation and the 
following migration and accumulation 
of tracer within the same brain. 

Period of Greatest Blood-Brain Bar- 
rier Leakage.—Blood-brain barrier 
damage was already present 2.5 min- 
utes after embolization. The period of 
greatest leakage of the blood-brain 
barrier was within the first 30 
minutes. Leakage was minimal at one 





Fig 4.—Fluorescent microscopic tracing of intravenously injected Evans blue dye hour and was absent at two, three and 
following microembolization of left hemisphere. Top left, Cerebral cortex, 30 minutes four hours (Fig 5, Table). 
after embolization. Note wide capillary network, filled with Evans blue dye, and focal The ipsilateral brain was stained 


perivascular extravasations (x80). Top right, Cerebral cortex, 15 minutes following 
embolization. Note parenchymatous extravasations that are at a distance from 
branching vessel that is occluded by microemboli ( x 80). Bottom left, Cerebral cortex, 


blue throughout the cortex, basal 
ganglia, and cerebellum (Fig 3 b). On 


one hour after embolization. Note uptake of Evans blue dye by neurons and glial cells fluorescence microscopic examination, 
and slight diffuse parenchymatous extravasation ( x 120). Bottom right, White matter, this consisted of multifocal red ex- 
four hours after embolization. Note uptake of Evans blue dye in axons and interfascicular travasations (Evans blue dve under 


rows of oligodendroglial cells ( x 80). the fluorescence microscope appears 


red rather than blue) distributed 
evenly over the whole cortex. In the 
contralateral hemisphere, similar ex- 
| travasations within the distribution of 
À the anterior and middle cerebral 
artery were not uncommon. Extrava- 
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Fig 5.—Double tracer technique for demonstration of blood-brain barrier leakage and 
edema spread following embolization of left hemisphere. Blood-brain barrier permea- 
bility was tested with Evans blue dye given five minutes before death, and edema was 
tested with sodium fluorescein given before embolization. There were four representa- 
tive experiments, with survival times between 15 minutes and 4 hours after embolization. 
Note reversible opening of blood-brain barrier in cerebral cortex during first hour after 
embolization, followed by spread of edema fluid into white matter after two to four 


hours. 


sations within the caudal brain stem 
did not occur. 

Blood-brain barrier damage within 
embolized areas did not always corre- 
spond to obviously embolized vessels 
but was just as frequently found as 
perivascular extravasations around 
vessels that did not contain emboli, at 
least not in the section under investi- 
gation. These extravasations often 
had an explosive-like appearance in 
the earliest intervals after emboliza- 
tion (Fig 4 b). Within areas of Evans 
blue dye—extravasation, neurons oc- 
easionally were selectively stained. 
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After longer survival times, more and 
more stained neurons became visible, 
whereas the parenchymatous stain 
gradually diminished (Fig 4 c). As has 
been previously described by Vise et 
al, the tracer initially was present in 
the nucleus, followed by an uptake in 
the cytoplasm, until the entire neuron 
was stained intensively red. 
Blood-brain barrier extravasations 
within the white matter were few and 
subtle during the early period. In 
contrast to the grey matter, the 
extravasated tracer was found pre- 
ponderantly around large vessels 


thought to be veins, with an additional 
perivascular astroglial and segmental 
axonal staining. Pericapillary and 
periarteriolar extravasation was 
rare. 

Migration and Accumulation of 
Edema Within the Brain.—Sodium 
fluorescein was injected intravenously 
at the beginning of the experiment in 
order to trace the spreading of 
exudated edema fluid. At early inter- 
vals after embolization, sodium fluo- 
rescein was limited to the cortex, 
basal ganglia, and cerebellum as 
described above. However, by two 
hours, migration from the cortex and 
subsequent accumulation in the white 
matter was seen, producing an almost 
calyeeal fluorescence cast within the 
ipsilateral hemisphere (Fig 5). 

In four animals, the order of dye 
administration was reversed, ie, 
Evans blue dye was given before 
embolization and sodium fluorescein 
at later intervals. No differences 
between the leakage and migration 
properties of these dyes could be seen. 
Also, the accumulation of Evans blue 
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dye in the white matter could be ^ 


studied by fluorescence microscopy. 
The spread of Evans blue dye from the 
cortex along the fiber tracts of the 
white matter was apparent. The 
greatest accumulation occurred in the 
centrum semiovale. Generally, a thin 
border of unstained subependymal 
neuropile separated these accumula- 
tions from the lateral ventricle. Up- 
take by oligodendroglia in palisading 
interfascicular rows was a striking 
feature by four hours (Fig 4 d). 


COMMENT 


Microembolization via carotid infu- 
sion has been shown to predominantly 
embolize the ipsilateral hemi- 
sphere.*^'*' Slow embolization via 
the lingual artery in the present 
investigation further improved on 
attempts to inflict a relatively pure 
ipsilateral injury by avoiding signifi- 
cant pressure disturbances in the 
intracranial circulation and reduced 
cross-embolization to less than 13%. 
The total number of emboli reaching 
the brain, however, was quite variable 


(Fig 2). This is not surprising because 


the eat has a rete mirabile, and varia- 
tions in size and origin of the arteries 
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Animals With Changes of the Blood-Brain Barrier in Grey Matter and 
Accumulation of the Edema in White Matter* 


Y 


Period After 
Microembolization 
of Brain 


15.0-30.0 min 


5 (n = 10) 
0 (n = 11) 





No. of Animals With 
Blood-Brain Damage 
in Grey Matter 


No. of Animals With Brain 
Edema in White Matter 


3 (n = 10) 
11 (n = 11) 


*Double tracer technique with Evans blue and sodium fluorescein dyes was used. 


feeding the circle of Willis may also 
account for this.'*'? The filter capacity 
of the brain may change under various 
pathological eireumstances, and this is 
another factor to be considered, 
although experimental conditions 
were kept constant during emboliza- 
tion in our animals.*:'°"" 

Compartmental analysis of emboli 
distribution showed that approxi- 
mately 88% of emboli lodged within 
the grey matter and 12% in the white 
matter. This preponderance for grey 
matter is consistent with previous 
reports and reflects both the greater 
volume and denser vascularization of 
this compartment.*'!'* 

Most emboli were found in capil- 
laries and arterioles as suspected by 
the 15 + 5-u embolus size. However, 
the more emboli reached the brain, the 
more emboli were lodged in small 
arteries (Fig 2). This indicates an 
accumulation of emboli in the more 
proximal parts of the circulation 
following capillary entrapment. Injec- 
tion of clumps of emboli in these cases 
is not likely because the microspheres 
| were dispersed, using both ultrasoni- 
r- fication and a surfactant. 
| The common concept of embolic 

injury is that of focal ischemia.*:*!!:1%-7° 

By using fluorescent tracers for the 

study of microflow distribution after 

embolization, numerous slowly per- 
fused vessels could be demonstrated 
also in the present investigation. 

However, in the immediate vicinity of 

such vessels, hyperemic areas were 

present that presumably are respon- 
sible for the fact that global blood 
flow of the brain did not decrease 
after embolization. Global ischemia 
was a secondary event that developed 
boer a period of hours in parallel with 
the appearance of brain edema and 
intracranial hypertension. It appar- 
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ently was a consequence of edema 
rather than the reason for it. 

According to Klatzo’s*' classifica- 
tion, edema was of a multifocal vaso- 
genie type. Within 2.5 minutes after 
embolization, multiple foci of diffuse 
parenchymatous extravasations were 
already present and increased rapidly 
in size until a maximum was reached 
after 30 minutes. Blood-brain barrier 
damage following microembolization 
has been described before, but little is 
known about the pathomechanism and 
the dynamics of this altera- 
tion.*^?2*27?3 The physiological find- 
ings discussed in the first report of 
this series suggest that breakdown of 
the barrier is a consequence of hyper- 
perfusion, with high flow rates in the 
proximal parts of obstructed as well as 
in the unobstructed vessels, rather 
than the effect of ischemia. 

This is consistent with the finding 
that extravasations of the tracer 
became minimal after one hour, at 
which time anoxia and ischemia were 
becoming significant. It has been 
previously shown that ischemia does 
not increase the blood-brain barrier 
permeability to macromolecules un- 
less tissue necrosis has supervened; in 
fact, Hossmann and Olsson? have 
shown that ischemia can block extra- 
vasations that follow vasogenic inju- 


The diffuse and early multifocal 
blood-brain barrier damage through- 
out embolized cortex may correspond 
to sites of subsequent degenerative 
lesions seen by light microscopy. In 
support of this is the ring-like pattern 
of spongy degeneration that is 
thought to progress to microin- 
farcts.*'"' This consideration is similar 
to that of blood-brain barrier extrav- 
asation in early hyperemic sites. On 
the other hand, one might argue that 
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the hypoperfused areas (delayed fill- 
ing) seen on single dye passage stud- 
ies, may correspond to sites of subse- 
quent degeneration. However, the 
former interpretation seems more 
plausible not only because of morpho- 
logical similarities but also because of 
selective neuronal staining as an indi- 
cator of cellular damage.**?*?* This 
interpretation would be consistent 
with our physiological findings that 
these eventually infarcted cortical 
areas were preceeded by hyperemic 
injury. 

The appearance of edema fluid in 
the white matter can be the conse- 
quence of two basically different 
processes. One is primary edema in 
the white matter due to increased 
permeability of the deep veins as 
observed by Zülch and Tzonos** 
following embolization with 30- to 37- 
p spheres. The other is secondary 
spread of edema into the white matter 
after primary lesion of the grey 
matter. This kind of secondary white 
matter edema has not been previously 
described in embolization with micro- 
spheres but has been a well-docu- 
mented phenomenon in other types of 
cortical vasogenic lesions." ^ 

Lee and Olszewski” demonstrated a 
shift of labeled albumin from cortex 
to white matter after air emboliza- 
tion. Bertrand** has shown a spread of 
Prussian blue along the fiber tracts of 
the white matter following injection 
of this material into the cerebral 
cortex of cats. In the present experi- 
ment, this secondary accumulation 
seems to be the prominent mecha- 
nism. However, the possibility of the 
primary lesion in the white matter 
cannot entirely be excluded. In some 
restricted areas, minor extravasations 
of Evans blue dye was observed 
around veins in the white matter, an 
observation that was also made by 
Swank and Hain.* 

Zülch and others*** have attributed 


injury of white matter following 


cortical embolization to be due to a 
perivenous hypoxemia and a tissue 
damaging effect of edema formation. 
Both leakage and accumulation of 
fluorescent tracers in white matter as 
well as swelling and uptake of Evans 
blue dye by axons and oligodendrog- 
lia, as seen in the present study, are in 
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support of this hypothesis. Light and 
electron microscopy studies have dem- 
onstrated both oligodendroglial swell- 
ing and axon swelling and degenera- 
tion in pathological conditions asso- 
ciated with acute and chronic edema 
formation.* *?*** 

The thin perivascular zone that was 
free of tracer suggests that clearance 
of edema of the white matter does not 
necessarily proceed through the ven- 
tricular spaces, but perhaps by reab- 
sorption through blood vessels. Clear- 
ance of tracers from the extracellular 
spaces via vascular routes might be 
one reason for the  perivascular 
accumulation of edema fluid.^^' The 
relation, if any, this might have to 
perivenous demyelination warrants 
further considerations. 


This investigation was supported by a grant 
from Andrea Moller, Hambourg, Germany. 
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Cerebral Malaria 


. À Disseminated Vasculomyelinopathy 


Gabriel Toro, MD, Gustavo Roman, MD 


® Neuropathologic examination of 19 
fatal cases of cerebral malaria and a 
review of the literature showed that the 
epidemiologic, clinical, and pathologic 
features of this entity suggest considera- 
tion of cerebral malaria as a form of 
disseminated vasculomyelinopathy, a hy- 
perergic reaction of the CNS to the anti- 
genic challenge of Plasmodium falci- 
parum infection. Experimental evidence 
also substantiates this view. 

The initial event seems to be vasculopa- 
thy, with alteration of the endothelial per- 
meability, followed by brain edema, peri- 
vascular infiltrates and ring hemor- 
rhages, perivascular demyelination, and 
gliosis (malarial granuloma) in the late 
stages. This chain of events could be in- 
terrupted early in its course by corticoste- 
roids. Parenteral dexamethasone should 
then be seriously considered at the first 
signs of involvement of the CNS during P 
falciparum malaria along with the stan- 
dard forms of antimalarial therapy. 

(Arch Neurol 35:271-275, 1978) 


In 


‘Bite malaria is an acute diffuse 
encephalopathy that may com- 
plicate infection with Plasmodium 
falciparum. Clinical diagnosis of this 
entity is difficult, even in endemic 
areas,’ and its mortality remains close 
to 38%.’ Since malaria can mimic a 
number of viral infections in nonen- 
demic areas,’ a potentially fatal delay 
in treatment may result from failure 
,to establish the correct diagnosis. No 
total agreement exists concerning the 
physiopathology and treatment of 
cerebral malaria despite extensive 
experimental research.* 

Toro et al have recently reviewed? 
the clinical and pathologic features of 
19 fatal cases of cerebral malaria in 
Colombia and pointed out the resem- 
blance of the neuropathologic picture 
to that of the disseminated vasculo- 
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myelinopathy described by Poser® in 
1969. Our report is to review the 
influence of the neuroallergic reaction 
on the pathogenesis of cerebral mala- 
ria and its therapeutic implications. 


MATERIAL AND METHODS 


Nineteen fatal cases of cerebral malaria 
with complete autopsies were found in the 
San Juan de Dios University Hospital and 
the Central Military Hospital in Bogotá, 
Colombia. Ten of these cases were of ser- 
vicemen who had come originally from 
nonendemic areas of the country and had 
been serving military duties in hyperen- 
demic areas. The clinical and epidemiologic 
observations in this group have been 
discussed elsewhere in detail by Toro et al.’ 
A thorough neuropathologic examination 
of all these cases was performed. 


RESULTS 


Macroscopic examination of the 
brain showed edema in 16 patients 
(84%) and vascular congestion and 
petechial hemorrhages preferentially 
involving white matter in 15 patients 
(79%) (Fig 1). Macroscopic slate-gray 
discoloration of the cortex and basal 
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ganglia was seen in four patients 
(21%) and cloudiness of leptomeninges 
in three patients (16%). 

The Table summarizes the micro- 
scopie findings. The classic elements 
of cerebral malaria"? were noted in all 
the cases: malarial pigment was prom- 
inent in 12 patients, parasitized 
erythrocytes were seen in four pa- 
tients, and various degrees of edema 
and perivascular hemorrhage were 
observed throughout. All the patients 
had evidence of malaria in other 
organs.) In the Table, microscopic 
findings are classified according to 
the different elements that make up 
the disseminated vasculomyelinopa- 
thy eomplex. The initial response of 
the nervous system to a hyperergic 
insult seems to be the involvement of 
the endothelial cells with early altera- 
tion of vascular permeability, probab- 
ly due to the action of vasoactive pep- 
tides and circulating antigen-anti- 
body complexes.'^'' The alteration of 
endothelial permeability is correlated 
with the presence of perivascular 
edema and diapedesis of round cells 
and erythrocytes, leading to the for- 
mation of ring-hemorrhages. Necrosis 
of the vascular wall and intravascular 
microthrombosis can also be seen (Fig 
2 and 3). The different degrees of vas- 
cular changes noted are listed in the 





Fig 1.—Diffuse petechial hemorrhages in white matter in patient with rapid clinical 
deterioration. Centrum semiovale, corpus callosum, cingulum, fornix, and internal, 


external, and extreme capsules are affected. 
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Elements of the 
Disseminated 
Vasculomyelinopathy 1 2 


Vasculopathy (arteriole, capillary, vein) 
Changes in permeability 
Perivascular edema - — 
Parenchymatous edema + + 


Involvement of the vessel wall 
Endothelial thickening iun!) tes 


Necrosis of the vein wall _- — 
Hyaline microthrombosis - — 
Perivascular hemorrhages - - 


Myelinoclasia and reactive gliosis 
Perivascular demyelination - - 


Reactive gliosis + + 
Malarial granuloma 





Table. This vasculopathy is followed 
by alteration of the perivascular mye- 
lin ranging from limited perivascular 


 myelinoclasia (Fig 4 anc 5), to diffuse 
‘spongiform changes (Fig 6). These 


particular changes of demyeliniza- 
tion were noted by Rigdon and 
Fletcher’ and by Spitz’ and more re- 
cently by Schmid,’* who also pointed 
to the close resemblance of some cases 
of cerebral malaria to perivenous al- 
lergic encephalopathy. The final stage 
is the reactive gliosis that in this par- 
ticular situation is manifested in the 
so-called malarial granuloma of 
Diirck. This lesion was present in six 
of our cases (Fig 7). In some cases of 
disseminated vasculomyelinopathy, 
the inflammatory infiltrate can be 
very pronounced and can spread to the 
subarachnoid space (Fig 8 and 9). This 
infiltrate, consisting of lymphocytes 
and mononuclear cells, was noted in 
three cases. No major changes of neu- 
rons are observed in cerebral malar- 
ia. 
COMMENT 
Neuropathologic Findings 


The neuropathologic changes of 
cerebral malaria suggest considera- 
tion of the entity as a form of dissem- 
inated vasculomyelinopathy. This 
term, coined by Poser? in 1969 includes 
the different clinical and pathologic 
forms of hyperergic reaction of the 
nervous system to various infections 
and vaccinations and to other exoge- 
nous or endogenous antigenic stimuli 
(the so-called post- or para-infectious 
encephalomyelitis, postvaccinal en- 
cephalomyelitis, acute disseminated 
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Microscopic Lesions of 19 Patients With Cerebral Malaria 


Patients 
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encephalomyelitis, perivenous allergic 
encephalopathy, or "allergic" neu- 
roencephalopathies).? “Disseminated 
vasculomyelinopathy” was proposed 
as a substitute to emphasize the fact 
that the common component of all 
neuroallergic reactions is the vasculo- 
pathy that frequently also affects the 
myelin system in the form of perivas- 
cular demyelination (myelinoclasia). 
As shown by Poser, the sequence of 
events following this neuroallergic 
reaction are lesions of the vascular 
endothelium with subsequent perivas- 
cular edema, inflammation, ischemia, 
perivascular hemorrhage, and myeli- 
noclasia with reactive gliosis (Fig 10). 
All these stages have been observed in 
this series (Table) and in numerous 
pathologic studies of human cases of 
cerebral malaria.?^*-*:? 


Epidemiologic 
and Experimental Data 


In addition to neuropathologic evi- 
dence, several epidemiologic and ex- 
perimental arguments also support 
this view. Cerebral malaria is usually 
a disease of children in hyperendemic 
areas. Cerebral malaria in adults 
from hyperendemic regions is be- 
lieved to occur only in two instances: 
during pregnancy, when a decrease of 
immunity against malaria is pres- 
ent'5 and in nonimmune adults who 
interrupt prophylactic treatment and 
are then left with the same low im- 
munity as those who come to hyperen- 
demic areas from nonendemic re- 
gions. Although the frequency of cere- 
bral malaria in nonimmune adults is 
unknown, according to Daroff et al, 


13 14 15 16 17 18 19 = Total (96) 
- - — — + + = 4 (21.0) 
+ = = ` +o + +e + O16 (64.2) 
- - - = = — = 2 (10.5) 
- - = = =- — = 3 (15.7) 

+ + — + — — 10(52.5) 
— + + — + + — 1157.7) 
+ + =- = = — — 5 (26.3) 
+ + — — — + — 12 (62.9) 


6 (31.5) 


only 2% of the cases of P falciparum | 
malaria in US troops in Vietnam had 
cerebral malaria. Approximately the 
same frequency was noted in cases 
from the Military Hospital in this 
series.° 

By one year of age, most children in 
hyperendemic zones have already ex- 
perienced their first malaria infection 
and when they reach maturity, im- 
munity has developed against Plas- 
modium infections. However, this is^ 
obtained at the cost of considerable 
mortality and morbidity. It has been 
estimated that in some parts of 
Africa, at least 10% of all deaths in 
infants and children are due to 
malaria and most of them are caused 
by anemia or cerebral malaria.’ The 
reason why some of the children die of 
the disease while others gain immuni- 
ty is not clear, but some important 
observations have been made in chil- 
dren dying with cerebral malaria. 

Edington'*'" noted that cerebral» 
malaria rarely, if ever, occurs with 
kwashiorkor or marasmus, and this 
observation was also confirmed by 
Thomas,* who found no cases of 
severe malnutrition in fatal cases of 
cerebral malaria in children. This is 
surprising since it is well known that 
malnutrition worsens the conse- 
quences of infection.'* | 

In kwashiorkor, extreme thymic 
atrophy is always present at autop- 
sy,” and impaired delayed hypersensi- 
tivity has been demonstrated." * 
Based on these observations, Wright? 
proposed in 1968 that immunologic 
deficiencies associated with this 
thymic atrophy were the explanation 
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Fig 2.—Hyaline microthrombosis accompanied by necrosis of Fig 3.—Necrosis of vein wall, perivascular edema, and diapedesis 
vessel wall and erythrocyte diapedesis leading to formation of of erythrocytes can be clearly observed at higher magnification 
perivascular (ring) hemorrhage (hematoxylin-eosin, x 450). (hematoxylin-eosin, x 1,000, oil immersion). 





Fig 4.—In same microscopic field, two lesions of disseminated Fig 5.—Deposits of malarial pigment within thrombosed vessels. 
vasculomyelinopathy can be seen: necrosis of vein wall and Diffuse edema can be noted along with perivascular demyelina- 
perivascular hemorrhage on right side and perivenous demyeli- tion and ring hemorrhage (hematoxylin-eosin, x 250). 


nation on left (hematoxylin-eosin, x 450). 
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kKFig 6.—Diffuse demyelination with spongiform changes of white Fig 7.—Malarial granuloma (Dürck). This lesion is formed by glial 
matter, probably end result of several confluent perivenous reaction in areas of vascular necrosis, with both neuroglial and 
lesions (hematoxylin-eosin, x 250). microglial cell proliferation (hematoxylin-eosin, x 400). 
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Fig 8.—Diffuse infiltration of parenchyma by lymphocytes and 
mononuclear cells (hematoxylin-eosin, x 250). 


ISCHEMIA 


HEMORRHAGE 


Fig 9.—Round cell infiltrates of leptomeninges and subarachnoid 
space. This explains the presence of pleocytosis in CSF in some 
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cases of cerebral malaria (hematoxylin-eosin, x 100). 


Fig 10.—Physiopathology of disseminated vasculomyelinopathy. Modified from Poser.* 


for the rarity of cerebral malaria in 
children with kwashiorkor. It is also 
known that neonatal thymectomy 
effectively suppresses autoallergic en- 
cephalomyelitis in rats? and the 
meningeal lesions of lymphocytic cho- 
riomeningitis in the mouse,” demon- 
strating the importance of host 
immune responses in the pathogenesis 
of these entities. 

In an elegant experiment, Wright^ 
tested his hypothesis that the 
impaired immunologic response to 
malarial infection of children with 
malnutrition protects them from the 
harmful consequences of the usual 
host-parasite interaction. He thy- 
mectomized golden hamsters within 
24 hours of birth and inoculated them 
at ages 4, 10, and 18 weeks with 
Plasmodium berghei. The thymecto- 
mized animals showed significantly 
longer survival times than a nonthy- 
mectomized group, and even more 
interesting, the nonthymectomized 
hamsters had many acute hem- 
orrhages in the white matter. These 
lesions were almost identical to the 
pathologic lesions of human cerebral 
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malaria. Wright? suggested that 
these lesions could be due to the devel- 
opment of a hemagglutinin in the 
nonthymectomized hamsters that 
would induce microembolization of 
cerebral capillaries or that an anti- 
body produced in response to the para- 
site would result in an intravascular 
antigen-antibody reaction that dam- 
ages the endothelium of the cerebral 
capillaries with subsequent perivas- 
cular hemorrhage. 

The importance of immune factors 
in the pathogenesis of malarial infec- 
tions and its complications, notably, 
autoimmune hemolysis and renal in- 
volvement, has been recently re- 
viewed by Voller.'^ 


‘Physiopathology 


The extensive investigations of 
Maegraith and collaborators over the 
past 25 years, have helped to clarify 
the physiopathology of malaria. The 
first point emphasized by Maegraith" 
is that apart from the production of 
hemozoin from hemoglobin, most of 
the pathologic mechanisms in malaria 
are nonspecific. In studies carried out 





in Macaca mulatta using P knowlesi 
and P berghei, they demonstrated that 
obstruction of the circulation occurs 
before the “plugging” of the cerebral 
vessels by high parasitemias.” Miga- 
sena and Maegraith," using iodine- 
tagged albumin, have shown early 
alteration of the endothelial permea- 
bility and changes in the blood-brain 
barrier, with rapid escape of proteins 
to the perivascular space. This altera- 
tion of the vascular permeability has 
been shown to be inhibited swiftly by 
chloroquine, quinacrine hydrochloride 
and cortisone, all of which have anti- 
inflammatory actions. According to 
Maegraith and Fletcher, rapid re- 
sponse to antimalarial drugs in cases 
of cerebral malaria is probably due not 
to their antiparasitic action but to 
their anti-inflammatory effect, at 
least initially. 

Tella and Maegraith** have demon- 
strated that pharmacologically active 
kinins, kallikrein, and kininogenases 
are partially responsible for the early 
alterations of the membrane permea- 
bility, although other vasoactive sub- 


stances are probably involved. The ` 


terminal shock frequently observed in 
P falciparum malaria would be the 
end point of this generalized vascular 
insult with hepatic and renal involve- 
ment. Malaria is considered by Mae- 
graith "as an example of a chain 
reaction of physiological-pathological 
responses in the host, which in the 
early stages are reversible." 
However, clinical and pathologie 
evidence from human cases of cere- 
bral malaria is conflicting regarding 
the basic mechanism of this entity. 
"Plugging" of the cerebral capillaries 
by parasites, clumped erythrocytes, or 
pigment has been 
Anoxic changes resulting from endo- 
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suggested.” ^. 


thelial proliferation; stagnation, 
shock, anemia, and decreased trans- 
port of oxygen by infected erythro- 
cytes’? have also been proposed. The 
presence of intravascular coagulation 
seems to be a rather late phenomenon 
in cerebral malaria?*? and it is not 
observed in all cases. In addition, clin- 
ical evidence has shown that there is 
no relationship between the number 
of Plasmodium parasites in the pe- 
ripheral blood and the occurrence of 
cerebral malaria, nor between the 
severity of the condition and the 
amount of malarial pigment (hemo- 
zoin) in the brain.'?'*'* Moreover, the 
importance of the host's immune 
response in cerebral malaria has been 
largely neglected. 

Yet, its clinical manifestations are 
reminiscent of the acute hyperergic 
reactions involving the CNS after 
vaccination or infection.*'^?' The on- 
set of cerebral malaria is usually 
acute, or even hyperacute, and its 
most common symptom is an altera- 
tion of the level of consciousness' ^? 
with rapid progression to stupor and 
coma, aecording to the degree of brain 
edema. Localizing signs are rare and 
when present, often transitory. Con- 
vulsions are common, especially in 
children, and usually accompanied by 
hyperthermia. Delirium and organic 
mental syndromes sometimes resem- 
bling acute alcohol intoxication can be 
observed. Although permanent seque- 
lae including deafness, blindness, 
hemiplegia, cerebellar ataxia, and 
choreiform movements have been de- 
scribed,’ they are quite rare. Acute 
— personality changes may result from 
cerebral malaria? but recovery with- 
out residual disability is the rule.” 
Daroff et al^ have clearly demon- 
strated that whatever the exact na- 
‘ture of its physiologic process, cerebral 
malaria can be completely reversible. 


CONCLUSION 


Based on our examination of the 
clinieal and neuropathologie material 
and from the review of the available 
epidemiologic and experimental evi- 
dence, we conclude that a form of 
hyperergic reaction of the CNS to the 
antigenic challenge of P falciparum 
infection is an important feature in 
the pathogenesis of cerebral malaria. 
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Plasmodium falciparum is the only 
plasmodial strain that produces cere- 
bral malaria in man and the produc- 
tion of specific circulating antigen- 
antibody complexes could explain the 
selective involvement of the cerebral 
vessels. This situation would be analo- 
gous to the selective lesion of the 
glomerular basement membrane in 
cases of malarial nephrotic syndrome 
that is characteristically produced by 
P malariae infections.” 

The various stages of the dissemi- 
nated vasculomyelinopathy reaction 
in the nervous system have been 
observed in neuropathologic studies of 
cerebral malaria. They could presum- 
ably be interrupted early in their 
course by corticosteroids.** Parenteral 
dexamethasone should therefore be 
seriously considered at the first signs 
of involvement of the CNS during P 
falciparum infections, along with the 
standard forms of antimalarial thera- 
py before the irreversible phase of the 
reaction is reached. The successful 
results of this therapeutic approach 
have been documented," although 
controlled studies are yet to be done. 


Charles M. Poser, MD, provided helpful 
comments and reviewed the manuscript. 
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e We studied the electroencephalo- 
graphic pattern at the time of focal seizure 
onset in 41 patients. Progressive rhythmic 
EEG activity was characteristic of sponta- 
neous focal seizures in man. Focal hyper- 
synchrony was present in 49% of cases 
and served as an accurate localizing indi- 
cation of cortical irritability. Interictal 
sharp or spike discharges were absent in 
|. 34% of cases. When present, spike and 
| sharp discharges characteristically atten- 


ln i t il a 


tuate at the onset of rhythmic ictal activity. 
Recognition of the pattern of rhythmic 
. ictal transformation is often essential for 
| the electroencephalographic diagnosis of 
| focal seizures. 
(Arch Neurol 35:276-286, 1978) 


| 
| 
| ince Gibbs et al' first described the 
EEG in epilepsy, the spike dis- 
| charge has been recognized as the 
characteristic electrographic abnor- 
 mality in patients with epilepsy. 
. Random focal spikes during the inter- 
| ictal period have been widely used in 
the diagnosis of focal epilepsy and in 
the localization of areas of cortical 
| irritability. 
~ The transition from interictal spike 
discharge to an ictal pattern is less 
familiar to many clinical electroen- 
_cephalographers. Opportunities for ic- 





| 
| 
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EEG Patterns at the Time 
of Focal Seizure Onset 


Leonard R. Geiger, MD, Rickard N. Harner, MD 


tal recording have, in large part, been 
confined to the experimental labora- 
tory or to clinical laboratories involved 
in specialized studies of epilepsy. In 
such studies, rhythmic ictal activity 
that progressively increases in ampli- 
tude and decreases in frequency has 
been described.^* The EEG pat- 
terns during seizures have been men- 
tioned and illustrated in some clinical 
texts."* "Spike after-discharge" that 
progressively increases in amplitude 
to form the characteristic ictal pattern 
has been emphasized as the more 
common pattern. Others have de- 
scribed interictal spike discharges 
that increases in frequency, ampli- 
tude, and rhythmicity and gradually 
form the rhythmic ictal discharge." ° 
Nevertheless, this information con- 
cerning ictal recording has not been 
systematically applied to the evalua- 
tion of seizures spontaneously occur- 
ring in the clinical laboratory. 

The present study was undertaken 
to determine the electrographic find- 
ings most frequently associated with 
spontaneous focal seizures in man, 
with particular emphasis on the rela- 
tionship between interictal and ictal 
patterns. The clinical and the electro- 
graphic findings are discussed in light 







*Periodic lateralized epileptiform discharges. 


Table 1.—Interictal Findings 


Paroxysmal Discharges No. (%) With Focal Hypersynchrony 


of related studies of experimental and 
human epilepsy. 


PATIENTS AND METHODS 


From 8,687 EEGs interpreted at the 
Graduate Hospital of the University of 
Pennsylvania during the 34-year period, 
(from January 1970 through May 1973) 41 
were selected for the onset of a sponta- 
neous focal clinical seizure during routine 
recording. Obvious focal clinical seizure 
activity or well-demarcated focal ictal EEG 
discharges associated with complex (pri- 
marily psychomotor) clinical seizures were 
independently considered sufficient for 
selection. Subclinical, bilateral, or contin- 
uous seizure discharges were excluded, as 
were seizures beginning during activation 
by photic stimulation, hyperventilation, 
sleep, and administration of drugs. A 
minimum of 21 electrodes arranged in the 
international 10-20 system were used in 
referential and sequential montages. 

The average age of the patients was 53 
years, with a range of 7 to 78 years. 
Chronic focal seizure disorder was the most 
common clinical diagnosis, occurring in 17 
of 41 patients. Acute vascular disease 
occurred in nine, acute trauma in five, and 
other diagnoses were infrequent (leukemic 
infiltrate, one patient; multiple hemangio- 
mata, one; abscess, one; metastatic carci- 
noma, one; Alzheimer’s disease, one; barbi- 
tuate overdose, one; coma of unknown 
origin, one; and unknown diagnosis, two. 


No. of Discharges 
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Fig 1.—Electroencephalographic pattern of 60-year-old patient. With acute onset of left 
hemiparesis with frequent seizures consisting of deviation of eyes to left. Seizures were 
preceded by increasing rhythmic fast activity over right occipital and posterior temporal 
regions, spreading to anterior regions as amplitude increases and frequency decreases. 


Level of consciousness varied consider- 
ably. Sixteen patients were alert, 12 
showed mild depression of awareness, and 
13 were either stuporous or comatose. The 
great majority of those who were alert had 
chronic focal seizure disorders. 

Focal neurological abnormalities were 
prominent in 16 patients. Four had minor 
findings, 14 showed no focal neurologic 
abnormalities, and in five patients, this 
information was unavailable. The nature 
of illness was chronic in 21 cases, subacute 
in three, acute in 16, and unknown in one 
case. 


RESULTS 


Spontaneous focal clinieal seizures 
fell into two categories. Focal motor 
or sensory symptoms during the ictal 
electrographic recording were ob- 
served in 83% of patients. In 17%, the 
clinieal seizure was characterized by 
more complex behavioral symptoms, 
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but the ictal EEG abnormality was 
definitely focal and appropriate to the 
symptoms. 

Focal ictal discharges were found in 
all brain areas. The largest number, 23 
appeared to originate in the temporal 
lobe while ten primarily involved 
frontal areas. Interictal focal slow 
wave activity or suppression of nor- 
mal rhythms in the area of involve- 
ment was present in 30 patients. 
These abnormalities were considered 
to have resulted from a combination 
of factors, including preexisting par- 
enchymal damage, focal epileptie ac- 
tivity, and postictal phenomena. 

The 41 EEGs were initially clas- 
sified according to the EEG pattern 
present during interictal recording. 
Table 1 shows the three predominant 
patterns that could be distinguished: 
(1) periodic lateralized epileptiform 


discharges (PLEDs), 34%; (2) random 
focal sharp or spike discharges, 32%; 
and (8) absence of paroxysmal dis- 
charges or rare low voltage sharp 
activity, 34%. Focal, paroxysmal 
rhythmic activity (focal hypersyn- 
chrony)" was a common interictal 
abnormality in each group and oc- 
curred in 49% of patients overall. 

At the time of clinical seizure onset, 
9056 of our cases showed a transforma- 
tion from an interictal pattern to a 
sustained rhythmic pattern. 


Ictal Pattern No.(%) 
Rhythmic ictal transformation 
13-30/sec 21(50) 
8-12/sec 4(10) 
4-7/sec 8(20) 
1-3/sec 0(0) 
Mixed rhythmic and sharp 4(10) 
No change 
(mixed rhythmic and sharp) 4(10) 
Total 41(100) 
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Fig 2.—Electroencephalographic pattern of 60-year-old man with one-year history of recurrent adversive seizures. 
Clinical seizure begins with adversive eye and head movement to left, followed by elevation of left arm, shaking of 
left side, and generalized clonic seizure. A (baseline), Interictal recording shows suppression of beta over right 
frontal region. B (20 seconds later), Onset of seizure demonstrates low voltage 18-22/sec activity. C (30 seconds), 
Gradually increasing amplitude while slowing to 15/sec over right frontal region. D (40 seconds), 10/sec activity 
over right frontal region spreading to right central areas. E (55 seconds), Activity spreading to posterior head 
regions and opposite hemisphere. F (65 seconds), Tonic adversive seizure to left. 
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Fig 3.—Electroencephalographic pattern of 10-year-old patient with recurrent left-sided adversive seizures and eye 
and head turning to left and clonic left-sided activity. A, Repetitive, often periodic, mixed sharp and slow discharges 
associated with rhythmic and faster activity. Low voltage components cease, followed by low voltage, fast rhythmic 
activity over the right frontal region. B (ten seconds later), 4/sec intervene. C (20 seconds), Mixed high voltage, 1%- 
2¥%2/sec, most prominent over right hemisphere, associated with sharp and spike discharges and gradual 
attenuation of ictal rhythmic activity. D (30 seconds), return toward interictal recording. 
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Fig 4.—Electroencephalographic pattern of 46-year- 
presumed to be result of left thalamic and/or left co 
intermittent numbness over right side of face and mo 
to-medium voltage central 7- 


D 


E 


old man with recurrent right facial sensory seizures 
rtical infarction. He experienced recurrent episodes of 
uth. A (interictal recording), Normal except for rare low- 
8/sec activity and low voltage 2-3/sec activity. B (ten seconds later), Onset of 


rhythmic ictal activity, beginning with low amplitude (20-30/sec) that gradually forms more obvious rhythmic 


fast activity associated with numbness of right lip and cheek. C 


(20 seconds), 18-20/sec rhythmic activity 


continues. D (30 seconds), Becomes less prominent and associated with low voltage 2-3/sec activity. No 


spike discharges were seen durin 
waves did appear during interictal 


The initial frequency of rhythmic 
ictal transformation (RIT) was most 
often in the range of 13 to 30/sec, 
while 4 to 12/sec activity occurred in a 


- smaller number. Each case showed 


progressive decrease in frequency and 
corresponding increase in amplitude 
of rhythmic ictal activity as the clin- 
ical seizure developed (Fig 1). Spread 
to adjacent areas of brain was indi- 
cated by development of RIT in those 
areas (Fig 2). Termination of rhyth- 
mic ictal activity occurred by gradual 
development of slow and spike-slow 
Wave activity that gradually de- 
creased in frequency and then gave 
way to postictal slowing and/or 
depression of voltage (Fig 3). Rhyth- 
mic ictal activity could subside sponta- 


poses, particularly if the seizure 


emained focal and mild (Fig 4). In 
four cases, rhythmic activity was 
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mixed with sharp waves or spikes. In 
the 10% of cases that showed no ictal 
transformation, the interictal pattern 
of mixed sharp and rhythmic activity 
persisted without observable change 
at the onset of clinical seizure. 
During the period of study, ten 
additional patients showed character- 
istic RIT in the absence of observed 
clinical symptoms. The recurrent pat- 
tern, localization and clinical context 
of these findings favor the concept of 
subclinical focal seizures. Since that 
time, wider application of videotape 
and polygraphie monitoring has dem- 
onstrated previously unrecognized 
signs of clinical seizures during many 
“subclinical” seizures of this type. 
Table 2 demonstrates the observed 
relationships between interictal par- 
oxysmal discharges and subsequent 
RIT. Of 23 patients who had interictal 


g seizures, although occasional low-to-medium voltage blunted sharp 
recording. E (40 seconds), Return to interictal pattern. 


sharp or spike discharges, 17 or 74% 
showed decreased or abrupt cessation 
of spike, sharp, or periodic discharges 
just before the onset of RIT (Fig 5). 
Three patients showed no change in 
interictal activity prior to RIT, and 
three showed an increase in sharp 
wave discharge that became more 
rhythmic and appeared to form the 
rhythmic ictal pattern directly. 

Of the 14 patients showing absence 
of clear spike or sharp discharges, 
focal hypersynchrony (Fig 6) was the 
predominant interictal paroxysmal 
abnormality in five. 

No correlation was found between 
the nature of illness, the presence or 
absence of focal neurological signs, or 
the level of consciousness and the type 
of RIT. Neither did the type of inter- 
ictal abnormality predict the nature of 
the transition between the interictal 
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*Periodic lateralized epileptiform discharges. 


and the ictal pattern or the frequency 
at the onset of the ictal discharge. 


COMMENT 
Afterdischarge 


Since this study stresses the impor- 
tance of rhythmic ictal electroence- 
phalographic patterns, a brief review 
of the physiology of rhythmic ictal 
activity is in order. 

Rhythmic activity produced by elec- 
trical stimulation of the cortex usually 
in the range 10 to 14/sec was called 
the “afterdischarge” by Adrian and 
Rosenblueth and Cannon.'*** At the 
time of focal seizure onset in animals, 
similar rhythmic activity may occur’ 
following spike discharges as the so- 
called “spike afterdischarge’  de- 
scribed by Ralston.’ These discharges 
progressively increase in amplitude 
with concomitant decrease in frequen- 
cy and may develop into a self- 
sustaining focal epileptic discharge 
with the capacity to spread across the 
cortex, precipitating a focal seizure, or 
travel into subcortical structures, trig- 
gering a generalized seizure. The 
frequency of discharge may vary from 
1 to 30/sec, according to the area of 
cortex involved.*'* If short-lived and 
sustained, no clinical symptoms occur 
(“larval seizure"). Generalized rhyth- 
mie activity (recruiting rhythm) 
usually at 10 cps has been identified at 
the onset of generalized seizures.’ 

Areas of the brain that are particu- 
larly susceptible to epileptiform dis- 
charge (hippocampus and piriform 
cortex) require lower intensities of 
electrical stimulation to produce such 
patterns.'* Similarly, areas of epilep- 
togenie human cortex have lower 
afterdischarge thresholds when stim- 
ulated during electrocorticographic 
exploration of the cortex for the 
surgical treatment of focal epilep- 
sy." 

Afterdischarge has been used’ 
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Table 2.—Relationship Between Rhythmic Ictal Transformation and Interictal 
Paroxysmal Discharge 


No. of Cases 


Interictal That Showed That Showed 
Paroxysmal Discharge an Increase a Decrease No Change 
Sharp and/or Spike 2 6 1 
Total (96) 3 (1396) 17 (7496) 3 (1396) 







No. of Cases 


(perhaps inappropriately) by some to 
describe rhythmic ictal activity even 
though it need not be preceded by a 
stimulus or a spike discharge. In the 
studies by Ralston using penicillin foci 
in cats and monkeys, self-sustaining 
rhythmie activity occurred after at- 
tenuation of spike discharges. This 
was in contradistinction to the pre- 
viously accepted concept that sug- 
gested that spike discharges increase 
in frequency and fuse to form rhyth- 
mic "after-discharges."* The lack of 
an obligatory relationship between 
spike discharge and "after-discharge" 
should discourage the use of this term 
when describing rhythmic ictal activ- 
ity. 


Relation of the Interictal 
to Ictal EEG 


Because emphasis has been placed 
on finding spike discharges as evi- 
dence for cortical irritability, more 
subtle abnormalities, particularly fo- 
cal rhythmic activity, have largely 
been ignored. Rhythmic changes in 
the interictal EEG may be highly 
significant in the localization of focal 
areas of cortical irritability. 

Bursts of focal hypersynchrony, 
strictly defined," were observed in 
49% of our patients, providing ac- 
eurate localization in the majority. 
Focal hypersynchrony is also inter- 
preted as evidence of localized cortical 
irritability even in the absence of 
associated focal spikes and/or sharp 
waves. Similar findings have been 
noted during electrocorticography by 
Penfield and Jasper," who observed 
spontaneous paroxysmal rhythmic 10/ 
sec discharges in the absence of 
spikes. They considered this to repre- 
sent evidence of epileptiform activity 
since the same rhythmic activity could 
be elicited by electrical stimulation of 
the same region. 

The absence of spikes and/or sharp 


waves during interictal period in 34% 
of our patients who subsequently 
experienced focal seizures during the 
same EEG recording suggests that 
interictal spike discharges are not an 
essential electrographic ^ feature 
among individuals with an irritable 
focal lesion. Similar findings are 
observed in patients with focal epilep- 
sy whose seizures are activated by 
pentylenetetrazol. For example, 30% 
of patients with focal epilepsy studied 
by Ajmone-Marsan and Ralston’ did 
not show spike or sharp waves during 
the preictal portion of the pentylene- 
tetrazol activation. Similarly, during 
electrocorticography, Penfield and 
Jasper" were, at times, unable to 
demonstrate spike discharges from 
areas that subsequently gave rise to 
rhythmic ictal activity. 

It should not be suprising that spike 
discharges may be absent on scalp 
recording since it is known that high 
voltage spike emanating from small 
areas of cortex may be markedly at- 
tenuated at the scalp." Moreover, 
spike discharges may emanate from 
cortical areas distant from the convex- 
ity, such as the insular, subfrontal, or 
medial temporal cortex, and be unre- 
corded at the surface. Even so, the 
above data suggests the possibility 
that, in some instances, the EEG spike 
may not be an obligatory ingredient 
of an epileptogenic focus. 


Attenuation of Interictal 
Spike and Sharp Discharges 


When spike or sharp discharges are 
present on scalp recording, they 
appear to attenuate in 74% of patients 
at the time of transition from the 
interictal to the ictal periods. This 
finding during our routine clinical 
recording is convincingly sub- 
stantiated by findings in experimen- 
tal epilepsy, particularly those of 
Ralston who, working with penicillin- 
induced focal epileptic lesions in cats 
and monkeys, demonstrated attenua- 
tion of spike discharges at the onset of 
the ictal transformation in 91% of 
cases. He subsequently verified this 
finding on human cortex.” This find- 
ing has been modeled by the produc- 
tion of progressive decrease in ampli- 
tude of evoked responses by repetitive 
stimulation of the thalamus.** The low 
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Fig 5.—Electroencephalographic pattern of 78-year-old woman. Multiple hemangiomata caused recur- 
rent adversive seizures. A (interictal recording), Periodic lateralized epileptiform discharges over frontal 
polar areas gradually attenuate. B (ten seconds later), Onset of rhythmic ictal activity eminating from right 
E frontal polar electrode. C (20 seconds), Activity gradually spreading across frontal cortex and increasing 
in amplitude at 10/sec. Eventually, this involved both frontal and temporal areas. D and E, This 
demonstrates attenuation of electroencephalographic interictal discharges prior to ictal activity. 
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Fig 6.—Electroencephalographic pattern of 46-year-old man with recurrent psychomotor seizures. A (interictal 
recording), Demonstrates focal 8/sec hypersynchrony over left midtemporal region at low-to-medium voltage; only 
blunted sharp waves appear locally. B (ten seconds later), Seizure onset with increasing left midtemporal rhythmic 
activity spreading. C (30 seconds): Rhythmic activity anteriorly and posteriorly. D (50 seconds), Activity increasing 
in amplitude over left temporal region. E (70 seconds), Activity accompanied by psychomotor seizure, with initial 
chewing followed by automotisms and prolonged absence. This EEG demonstrates displaced rhythmic activity 
(focal hypersynchrony) that by itself may be an EEG indication of underlying cortical irritability. 


voltage pattern was followed by a 
rhythmic self-sustaining “afterdis- 
charge.” 

An explanation for this phenom- 
enon can be postulated by theorizing 
that when the dendritic membranes of 
epileptogenic aggregate neurons be- 
come increasingly depolarized, each 
subsequent depolarizing bombard- 
ment (ie, each paroxysmal depolariza- 
tion shift, the intracellular counter- 
part of the spike discharge) produces a 
smaller and smaller net depolarization 
shift and a smaller and smaller spike 
discharge when seen by an ac-coupled 
amplifier. When the dendritic mem- 
brane is sufficiently depolarized, the 


rhythmic afterdischarge ^ pattern 
occurs superimposed on intense and 
sustained neuronal depolariza- 


tion.’ += In the 10% of our patients in 


p. Whom spikes were intermixed with 


rhythmic activity, one may postulate 
an intermixture of persistent inter- 
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ictal spikes and rhythmic afterdis- 
charge arising from different neuron- 
al aggregates. 


Frequency of Rhythmic 
ictal Transformation 


Electrical stimulation of various 
areas of the cortex produce different 
frequencies of afterdischarge  re- 
sponse.'''® One would have expected, 
as mentioned by Penfield and Jas- 
per,” that rhythms intrinsic to an area 
of the brain would be those that 
amplify and subsequently become the 
ictal pattern; however, this was not 
the case in our study. We were unable 
to correlate the frequency of the RIT 
with either the area of cortex 
involved, the nature of the patholog- 
ical lesion, or the presumed state of 
disease involving the cortex. An 
attractive hypothesis is that higher 
frequency of initial RIT is found when 
the recording electrode is nearer to 


the epileptogenic focus. Our experi- 
ence with depth recording provides 
additional insight. In the region of 
maximal epileptogenisis, the RIT 
never shows a frequency of less than 
15/sec. As the discharge continues and 
spreads, the rate of discharge de- 
creases. This favors the hypothesis 
that the higher the frequency of RIT, 
the closer the primary focus, whether 
recorded from surface or from depth 
electrodes. 


Nature of Rhythmic 
Ictal Transition 


The cellular events and the circuitry 
occurring at the time of rhythmic ictal 
activity have not been widely studied, 
however, individual recordings sug- 
gest that rhythmic ictal activity ean 
occur superimposed on a pattern of 
marked cellular depolarization.” 
Whether such prolonged depolariza- 
tion is associated with profound exci- 
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tation or with the failure of inhibitory 
mechanisms has not been fully estab- 
lished.^ 


CONCLUSION 


From the practical standpoint, this 
clinical electroencephalographic study 
demonstrates that rhythmic activity 
is characteristic of focal ictal activity 
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Fibromuscular Dysplasia 


George W. Paulson, MD; Carl P. Boesel, MD; William E. Evans, MD 


e Fibromuscular dysplasia is an in- 
creasingly recognized cause of vascular 
disease in young or middle-aged persons 
and may be amenable to medical or 
surgical management. We report five 
patients, one of whom died, with empha- 
sis on the beaded and irregular pattern of 
change in the carotid arteries. Neck pain, 
bruit, and transient ischemic attacks are 
the most usual clinical symptoms. The 
cause of fibromuscular dysplasia remains 
obscure, but in view of the increased 
incidence in young women, hormonal 
factors may be involved. Dilation or resec- 
tion can be considered, as in two patients 
reported here, and anticoagulation may 
benefit other patients. 

(Arch Neurol 35:287-290, 1978) 


here have been recent articles on 

fibromuscular dysplasia (FMD) 
of the arteries in the general medical 
literature, and there has been a 
suggestion that there may be an 
increased incidence of the condition 
during the last decade. There is 
increased recognition as angiographic 


-= techniques have improved. 


Ww 


m 


Fibromuseular dysplasia can pro- 
duce infarction in the kidney by 
involvement of the renal arteries and 
ean lead to systemic vascular disease 
by producing nephrogenic hyperten- 
sion. It can oceur in the carotid and 
cerebral vessels, but involvement of 
the vessels of the head and neck is 
infrequently reported in the neuro- 
logie literature. The extensive review 
by Frens et al' reported a total of 109 
patients with involvement of the 
carotid or vertebral arteries and 
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added one patient with FMD of a 
posterior cerebral artery. Ours is a 
report of four patients who experi- 
enced symptoms of ischemia second- 
ary to FMD of a carotid artery and 
one with involvement of renal and 
basilar artery. 


REPORT OF CASES 


Case 1.—A 53-year-old woman was a 
known hypertensive who had FMD for at 
least six years, the condition having been 
identified at the Massachusetts General 
Hospital by renal arteriography. Repara- 
tive surgical procedures to the beaded, 
irregular renal arteries were not feasible. 
She had suffered vague episodes of double 
vision intermittently for five years and 
increasing frequency of headaches during 
the preceding two years. She suddenly 
fainted, and outward deviation of the right 
eye and a transient tremor of the right arm 
immediately developed. Examination dis- 
closed an anxious woman with a blood 
pressure of 220/120 mm Hg. She appeared 
younger than her stated age and was very 
articulate. Results of general examination 
were normal. The right eye was deviated to 
the right, and visual acuity was diminished 
(20/200) in this eye. There was total 
ophthalmoplegia of the left eye, and in 
addition, dysphagia, generalized hyperre- 
flexia, a 50% weakness of the left side of 
the face, and moderately decreased 
strength in her right hand. The clinical 
impression at the time of admission was 
Fisher's* "one and a half syndrome.” Labo- 
ratory studies were extensive, but gener- 
ally noncontributory to diagnosis. The 


spinal fluid was normal. A small amount of : 


protein was present in the urine. The EEG 
was mildly abnormal, with nonspecific 
bitemporal slowing and loss of normal 
rhythm bilaterally. During the six weeks 
prior to her death, she displayed a variable 
hypersomnolence, intermittent deafness, 
and a remarkably inconstant weakness and 
tremor. Arteriography disclosed ectatic 
changes of the basilar artery (Fig 1) and 
confirmed the presence of dysplasia of the 
renal vessels (Fig 2). Because of the 
appearance of progressive brain stem 
infarction, she was treated with heparin. 
Within a week, she was much better, the 
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deafness and dysphagia had totally 
cleared, but then severe hemorrhages in 
the skin and muscles developed and anti- 
coagulation was abruptly discontinued. 
Within two days, she became less respon- 
sive, weakness and lethargy became stead- 
ily more profound, and she died six weeks 
after admission. 

Autopsy confirmed the diagnosis of 
FMD of the renal arteries (Fig 3). Only a 
single eross section of the basilar artery 
was available for study. The lumen was 
totally occluded by a recent thrombus (Fig 
4) The wall of this vessel was severely 
ectatic and arteriosclerotic, with focal vari- 
ation in thickness of the wall and early 
aneurysm formation (Fig 5). There were 
patchy, but very minimal infarcts in the 
brain stem. 

CASE 2.—A 42-year-old woman had expe- 
rienced intermittent weakness in her left 
arm and a transient decrease or blurring of 
vision in the left eye, occurring on three 
separate occasions. Otherwise, past history 
and system review was unremarkable, with 
the exception of pain in the left side of the 
neck. 

She appeared young for her stated age 
and seemed emotionally stable. Blood pres- 
sure was normal, as was the physical exam- 
ination. There was a loud systolic bruit in 
the left carotid and a softer bruit in the 
right carotid, as well as a palpably enlarged 
and tender area at the bifurcation of the 
left carotid artery. 

Laboratory data were unremarkable, 
with the exception of arteriography, which 
confirmed FMD, with beading and irreg- 
ular stenotic areas in the left carotid artery 
(Fig 6). The patient continued to have 
discomfort in the neck but this was 
relieved promptly 12 hours after adminis- 
tration of steroids. Anticoagulation with 
warfarin was begun, and the transient 
weakness and visual loss cleared, only to 
recur on one occasion when anticoagulation 
was abruptly discontinued. The patient has 
been symptom-free and receiving antico- 
agulants for the past two years. Both 
bruits gradually diminished, and the right 
one disappeared totally. She has remained 
neurologically normal and follow-up angi- 
ography 18 months later showed no change 
in the left carotid and improvement in the 
right. 
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Fig 1.—Angiogram of ectatic basilar artery from patient 1. 





Fig 3.—Longitudinal section of renal artery in patient 1. Fibromus- 
cular dysplasia with predominantly medial fibroplasia (hematoxy- 
lin-eosin, original magnification x 25). 


Case 3.—A 5l-year-old woman com- 
plained of headaches for three years. The 
pain was intermittent at first but later 
became more severe and more frequent, 
and at the time she was examined, it was 
occurring approximately once a week. The 
headaches generally began in the left eye, 
with radiation posteriorly aeross the top of 
the head into the occipital region, and after 
becoming more generalized, the pain was 
described as throbbing and extremely 
severe. The discovery of a carotid bruit plus 
headaches led to referral. Results of phys- 
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ical examination were normal, with the 
exception of harsh bilateral systolic bruits 
at the carotid bifurcations, more clearly 
heard on the right than on the left. Labo- 
ratory data were unremarkable, but arch 
arteriography and bilateral selective ar- 
teriograms showed irregularities and bead- 
ing consistent with severe FMD of the left 
internal carotid artery. On the right side, 
there were only minimal irregularities, 
without obstruction or stenosis. The EEG 
was mildly abnormal, with a nonspecific 
pattern of increased slow waves. The 





Fig 2.—Angiogram disclosing beaded 
changes of FMD in renal artery from 
patient 1. 





Fig. 4.—Cross section of basilar artery in patient 1, with occlusion 
by thrombus (hematoxylin-eosin, original magnification X 25). 


patient was discharged, the bruits were 
attributed to FMD, and she was considered 
not to have a surgically treatable disorder. 
Aspirin and dipyridamole were prescribed, 
and she has done well for one year since 
release. 

Case 4.—A 64-year-old woman com- 
plained of tinnitus on the right and vague 
visual disturbances to the right, together 
with numbness of her left arm. Temporary 
blindness in the right field had occurred on 
two occasions the year prior to admission. ` 
She had noted decreased strength in the 
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left arm for approximately six months. 
Physical examination disclosed no major 
abnormality, but there was a very loud 
bruit in the bifurcation area of the right 
carotid artery. Routine laboratory data 
were unremarkable, but the brain scan 
showed a 70% decrease of flow in the 
carotid arteries on the right as compared to 
the left. Arteriograms showed fibromus- 
cular hyperplasia of the internal carotid 
artery at the C2-3 levels. The process was 
more advanced on the right side, with 
major narrowing of the lumen. The patient 
received dilation of the carotid artery and 
did well postoperatively. When she was 
seen several months later, she was symp- 
tom-free. 

Case 5.—A 60-year-old woman had a 15- 
year history of headaches, as well as stiff- 
ness, pain, and crepitus in the neck. For 
two to three weeks before admission, her 
headaches had become more severe and, 
finally, incapacitating. Additional symp- 
toms included dizziness and blurring of 
vision in the right eye. Her past history 


. was not remarkable and her physical and 


XN 


neurological examinations disclosed no ma- 
jor abnormality except for a high-pitched 
bruit over the right carotid artery. Labora- 
tory data were unremarkable. Arteriog- 
raphy showed a stenotic lesion of both 
internal carotid arteries, but on the right 
side, there was considerable reduction of 
the diameter and a pattern appearing to 
represent FMD that extended up to the 
base of the skull. A right carotid resection 
was performed, along with dilation. The 
pathologic evaluation confirmed the diag- 
nosis of FMD. Follow-up arteriograms in 
six months showed improvement in the 
diameter of the transverse lumen of the 
right carotid artery. 


COMMENT 


Fibromuscular dysplasia of the ce- 
rebral vessels is well known,** espe- 
cially to vascular surgeons, but not so 
well recognized by general physicians, 
internists, and neurologists. Many 
physicians now listen routinely for 
carotid bruits; and the identification 
of this entity may be expected to 
increase. The neurologic manifesta- 
tions of FMD include pain, “carotidy- 
nia,” possibly due to the enlargement 
and irritation of local carotid recep- 
tors or to vasodilation elsewhere in the 
neck. In some patients, the carotid 
enlargement may be obvious, as in 
case 2 and 3, and there may be an 
audible murmur that can be heard by 


+ both the patient and the physician. In 


other cases, previously unsuspected 
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Fig 5.—Basilar artery of patient 1. Arteriosclerosis, with ectasia and recent thrombus. 
There is variation in thickness of wall, with focal early aneurysm formation (arrow) 
(hematoxylin-eosin, original magnification x 25). 





Fig 6.—Angiogram of FMD of left carotid artery from patient 2. 


FMD will be detected by angiography 
done because of transient ischemic 
attacks. 

After a bruit is heard, angiography 
may be performed and can be defini- 
tive. As in angiograms of the renal 
artery, stenosis with concomitant ad- 
jacent dilation is usually noted in 
FMD. The stenosis in the patients 
reported here was greater than 50% of 
the diameter of the lumen, and in 
several of these cases, the vessel was 
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almost totally occluded. Frequently, as 
in case 3, the disease extends so high 
above the bifurcation or is so wide- 
spread that surgical removal or bypass 
will not be feasible. The characteristie 
serpiginous appearance of the collat- 
erals seen when the renal system is 
involved is not usually noted in the 
cerebral lesions. 

Many of the patients can be 
presumed to have embolie disease 
involving the cerebral vessels, and 
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these patients may have transient 
ischemic attacks. Major cerebrovas- 
cular accidents may develop in some 
of the patients with emboli and this is 
probably the greatest hazard of FMD 
of the carotid arteries. Dementia can 
develop because of repeated small 
emboli shed from irregular intimal 
areas. 

The pathologic findings in FMD 
have varied considerably. Among the 
major changes in arteries reported by 
Stanley et al*'" are intimal fibropla- 
sia, medial hyperplasia, medial fibro- 
plasia, and perimedial dysplasia. One 
should note that in many cases the 
intima is not eroded and ulcerations 
are not as prominent as in atheroscle- 
rotic disease. Intimal fibroplasia and 
medial hyperplasia are relatively un- 
common in FMD, although intimal 
fibroplasia can result not only in FMD 
of childhood but also from traumatic 
injuries. The cause of the intimal 
fibroplasia as well as of medial hyper- 
plasia remains obscure. Medial fibro- 
plasia is the most common lesion 
reported in adult cases of FMD and 
the gross appearance varies from 
focal stenosis to stenosis combined 
with dilation or multiple segmented 
constrictions. In some cases, wide- 
spread disorganization and disruption 
is characteristic of the entire diffusely 
damaged vessel. In most cases, both 
thickening and irregular beading do 
occur in a localized section or may be 
present focally in a severe form and 
less severe proximally or distally to 
the lesion. These pathologic changes 
are reflected in the angiographic 
appearance of the lesion. A combina- 
tion of pathological patterns with 
some degree of intimal irregularities 
and a breakdown in the muscularis are 
common in reported cases. 


TREATMENT 


If the area of involvement can be 
resected, such a procedure may be 
planned, and has been recommended 
for the cerebral as well as the renal 
vessels." Dilation by means of dilators 
has been utilized, as in two cases 
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reported here, but is often not techni- 
cally feasible and there is always the 
possibility of embolization when dila- 
tion is performed. In addition, some 
surgeons have informally reported the 
recurrence of FMD in the years after 
an initially successful dilation. In 
patients in whom neither surgery nor 
dilation is considered feasible, anti- 
coagulation should be considered in an 
effort to reduce the incidence of 
embolization. In two of our cases, this 
seemed useful, and informal reports 
suggest that this may be desirable for 
patients who can be adequately 
observed. A recent report" docu- 
mented the presence of intracranial 
aneurysms in this entity, perhaps 
forming from areas similar to the 
expanded vessel seen in Fig 5. In Fig 5 
(case 1), it is possible that some of the 
dilation was secondary to arterioscle- 
rotic phenomena, but the potential for 
aneurysmal change is apparent. Sig- 
nificant aneurysmal dilation may re- 
quire a different neurosurgical ap- 
proach. 

The cause of FMD remains obscure, 
but in view of the occasional associa- 
tion with use of antiovulent pills and 
an increased incidence in women, 
hormonal factors may well be of major 
significance. The influence of the 
ergot preparations has not been stud- 
ied, but some of the patients have had 
migraine symptomatology. Though 
vasospastic phenomena can occur in 
patients who receive ergot for long 
periods of time, a linkage of ergot and 
FMD would not explain all cases. The 
frequent localization of the disease in 
renal and carotid vessels is also 
unexplained. It is known that the vasa 
vasorum of these vessels can be 
tenuous, and ischemia of the vessel 
wall may be a factor in the production 
of FMD. There has been recent public 
and scientific interest in the mono- 
clonal hypothesis that has suggested 
that atherosclerotic plaques may orig- 
inate from one mutated cell which has 
been stimulated by ischemia or irrita- 
tion." It is possible that FMD in some 
manner follows multiplication or de- 


velopment of cells beneath the intima. 
If so, the apparent effect of antico- 
agulation in patients, such as those 
reported, may not result from reduc- 
tion in emboli, but rather improve- 
ment of flow in the vasa vasorum. At 
this time, all patients with FMD 
should have their blood pressure 
controlled, stop smoking, and discon- 
tinue antiovulent or ergot therapy. 
The clinical picture can now be identi- 
fied during life, confirmed angio- 
graphically, and appropriate surgical 
or medical therapy can be recom- 
mended. 


Nonproprietary Name and 
Trademark of Drug 


Dipyridamole— Persantine. 
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Involvement of Peripheral Nerve 


and Muscle in Fabry’s Disease 


Histologic, Ultrastructural, and Morphometric Studies 


Anders A. F. Sima, MD, David M. Robertson, MD 


è Light microscopic and ultrastructural 
studies of biopsy specimens from the 
sural nerve and the gastrocnemius mus- 
cle in a patient with Fabry’s disease 
showed accumulation of lipids in endo- 
thelial and perithelial cells of the vessel 
walls. In addition, the peripheral nerve 
exhibited deposition of lipids in the peri- 
neurial cells, occasionally in unmyeli- 
nated and myelinated axons, and infre- 
quently in Schwann cell cytoplasm. In the 
muscle biopsy specimen, stored lipid was 
found in the sarcoplasm. 

Quantitative histologic studies showed 
loss of large unmyelinated and thin myeli- 
nated nerve fibers. Excruciating pain and 
loss of sweating, characteristic of this 
disorder, may result from loss of these 
fiber categories. The peripheral neurop- 
athy is probably secondary to perikaryal 
deposition of lipid as described previous- 
ly in the literature. 

(Arch Neurol 35:291-301, 1978) 


abry’s disease is a hereditary 
disorder of sphingoglycolipid me- 
tabolism that exhibits X-linked reces- 
sive transmission. In hemizygous 
male patients, the typical clinical 
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manifestations are characterized by 
skin lesions (angiokeratoma corporis 
diffusum), excruciating pain in the 
extremities, diminished sweating, and 
corneal opacities. The late manifesta- 
tions of the disease, including chronic 
renal insufficiency and cardiovascular 
and cerebrovascular disease, are due 
to slowly progressive lipid accumula- 
tion in the vessel walls. 

Heterozygote females, however, 
usually show mild clinieal signs and 
symptoms such as corneal opacities, 


V 
z 


occasionally paresthesias, and rarely 
vascular disease. 

Storage of the lipid material in 
neurons in cases of Fabry's disease 
was first described in 1950 by Scriba, 
who noted accumulation of lipid in 
peripheral autonomic ganglia and in 
retieular nuclei of the pons and the 
medulla. 

The pathologic changes of the 
central nervous system in Fabry’s 
disease has been extensively de- 
scribed.** An abnormal lipid accumu- 








Fig 1.—Longitudinal semithin section from sural nerve, stained with toluidine blue, 


showing lipid granules in perineurial cells. 
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Fig 2.—Cross section from sural nerve, showing lamellated bodies in perineurial cells (arrows). EN 
indicates endoneurial space. 
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Fig 3.—Cross section of endoneurial vessel. Lamellated bodies in 
endothelial (EC) and perithelial (PC) cells. 
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lation occurs in the neurons of various 
areas of the thalamus, hypothalamus, 
basal ganglia, and cerebral cortex. 
Steward and Hitchcock’ reported that 
the perikarya of the spinal ganglia 
contained abundant lipid, but that the 
peripheral nerves were unaffected. 

However, Kocen and Thomas* dem- 
onstrated a moderate depletion of the 
myelinated fiber population in a sural 
nerve biopsy specimen of one patient. 
Ultrastructurally they found deposits 
of abnormal lipid in the perineurial 
cells, but were not able to demonstrate 
lipid deposition in Schwann cells or 
axons. Unmyelinated nerves were not 
studied in detail. 

In morphometric and ultrastruc- 
tural study of the sural nerve in two 
cases, Ohnishi and Dyck’ found a loss 
of small myelinated and unmyelinated 
fibers and reduced density of myeli- 
nated fibers per square millimeter of 
fascicular area. Electron-dense bodies 
corresponding to the stored lipid 
material were found in perineurial 
and endothelial cells and occasionally 
in unmyelinated axons. No material 
was found in the Schwann cells. In 
spinal ganglia, the same authors 
demonstrated a loss of small periph- 
eral sensory neurons, and showed that 
large sensory neurons were relatively 
spared in Fabry’s disease. Further- 
more, they were able to show a 
slightly reduced fiber density in fas- 
ciculus gracilis. 


~ The present report describes the 


morphometric and ultrastructural ap- 
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pearances in sural nerve biopsy and 
muscle biopsy specimens from a 
patient with Fabry’s disease. 


REPORT OF A CASE 


A 28-year-old man had experienced 
burning pain, pin and needle sensations, 
and a feeling of heaviness in the limbs, 
particularly in the hands, since the age of 7. 
After the age of 21 these symptoms had 
been present constantly but were more 
pronounced on hot summer days. At the 
age of 14 he first developed maculopapular 
skin lesions around the umbilicus and on 
the genitalia. 

In August 1975, Fabry’s disease was 
diagnosed on the basis of the clinical 
picture, to which inability of sweating was 
now added. A skin biopsy specimen exhib- 
ited the characteristic morphological fea- 
tures of angiokeratoma corporis diffusum, 
consisting of intraepidermal hemorrhages 
and Sudan black- and oil red O-positive 
lipid deposits in the endothelial cells of the 
vessels. The sweat glands exhibited no lipid 
deposits and appeared normal. 

The patient was treated with phenytoin 
(Dilantin), 100 mg twice a day, which 
relieved the symptoms initially, but within 
a period of two weeks the symptoms grad- 
ually returned. 

In October 1976, the patient was read- 
mitted to the hospital because of episodes 
of sharp abdominal pain and diarrhea. 
Sigmoidoscopy, bowel enema, and malab- 
sorption tests were all negative, and his 
intestinal problems were considered to be 
due to an irritable bowel syndrome. 

The blood pressure was 115/75 mm Hg. 
No proteinuria was noted. The serum cre- 
atinine level was 1.1 mg/100 ml. Ophthal- 
mological consultation demonstrated cor- 
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Fig 4.—Left, Schwann cell cytoplasm 
containing a lamellated body (arrow). 
Right, Lamellated body of Schwann cell, 
showing periodicity of 6.7 nm. 





neal clouding and caliber changes of the 
conjunctival and retinal blood vessels. 

Corneal reflexes and sensation were 
normal. The tendon reflexes were present 
and symmetrical. Both plantar responses 
were flexor. Pinprick temperature, posi- 
tion, and vibration senses were normal in 
all four limbs. Motor power, tone, and bulk 
were within normal limits. 

A sweat test, performed at a sublingual 
temperature of 38 C, showed decreased 
sweating generally, except for the axillae, 
the flexor regions of the elbows, and the 
inner aspect of the thighs. The sweat test 
exacerbated the burning pain and pin and 
needle sensation in the palms of his hands, 
over the patellae, and in the toes. 

Sensory nerve conduction velocities of 
the right median and left sural nerves were 
reported as normal. 

Fresh heparinized plasma was assayed 
for a-galactosidase activity. The enzy- 
matic activity of the patient was 0.0 
nmole/ml/hr; two controls had activities of 
23.2 and 26.2 nmole/ml/hr. 

The family history disclosed an elder 
brother, aged 33, affected by the same 
disease but whose excruciating pain had 
diminished considerably during the last 
few years. A second brother, aged 30, was 
unaffected. 

A fascicular sural nerve biopsy specimen 
and a muscle biopsy specimen from the 
gastrocnemius muscle were obtained from 
the patient. 


Histological Methods 


Nerve Biopsy Specimen.—The fascicular 
biopsy specimen was divided into four 
pieces. One portion was fixed in 4% formal- 
dehyde. Transverse and longitudinal par- 
affin sections were stained with hematox- 
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Fig 6.—Degenerating unmyelinated axons, showing granular mitochondria (MI) and proliferation of 


endoplasmic reticulum (ER). 
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Fig 7.—Top, Normal-appearing unmyelinated axons containing concentrically lamellated bodies (LB). 
Bottom, Lamellated bodies in unmyelinated axons, showing periodicity of 6.9 nm. 
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Fig 8.—Unmyelinated axon surrounded by layered Schwann cell bands. 


ylin phloxine-saffran, phosphotungstic 
acid-hematoxylin, Masson’s trichrome, 
Bodian’s silver, and Loyez’s myelin. A 
second portion was fixed in 4% formalde- 
hyde and then stained with 1% osmium 
tetroxide and hematoxylin-van Gieson. 
The remaining two portions were fixed for 
12 hours in 3% glutaraldehyde. One of the 
portions was stained in 1% osmium tetrox- 
ide for 24 hours and single fibers were 
teased apart in 30% glycerin in water. The 
second of the glutaraldehyde-fixed por- 
tions was treated with 1% osmium tetrox- 
ide in phosphate buffer at pH 7.4. 
Following dehydration, the material was 
embedded in epoxy resin, sectioned with an 
ultramicrotome, and stained with uranyl 
acetate and lead citrate and examined on 
an electron microscope. 

Muscle Biopsy Specimen.—The specimen 
was divided into three portions. One piece 
was quenched in isopentane for histochem- 
istry, consisting of adenosine triphospha- 
tase, succinic dehydrogenase, phosphory- 
lase, acid phosphatase, PAS, oil red O, 
Sudan black, and hematoxylin-eosin. A 
second portion was fixed in 4% formalde- 
hyde for paraffin sections and stained with 
hematoxylin-eosin, Masson's trichrome, 
and phosphotungstie acid-hematoxylin. Fi- 
nally, the third portion was fixed in 3% 
glutaraldehyde, postfixed in 1% osmium, 
dehydrated, and embedded in epoxy resin. 
Thin sections were cut on an ultramicro- 
tome, stained with uranyl acetate and lead 


296 Arch Neurol—Vol 35, May 1978 


citrate, and examined electron microscop- 
ically. 

Quantitative Morphometry.—Semithin 
cross-sections of the epoxy resin-embedded 
sural nerve and gastrocnemius muscle 
were stained with toluidine blue. Photo- 
graphic prints with a final magnification 
of 1,000 or 300 times, respectively, were 
analyzed with the aid of a particle analyzer 
for the caliber spectra of the myelinated 
nerve fibers and muscle fibers. 

The caliber spectrum of unmyelinated 
fibers was calculated with the same 
particle analyzer, using electron micro- 
graphs with a final magnification of 5,500 
times. 

Single osmium-stained nerve fibers were 
separated in 30% glycerol. The internodal 
length was plotted against the fiber diam- 
eter in randomly selected fibers. 


RESULTS 
Nerve Biopsy Specimen 


Light Microscopic Findings.—Paraf- 
fin cross-sections showed no obvious 
loss of myelinated fibers. Sections 
stained for myelin showed no evidence 
of myelin breakdown. The axonal 
population appeared normal in sec- 
tions prepared with Bodian’s silver 
stain. Osmium-Van  Gieson-stained 
sections revealed spheric osmophilic 
bodies in the perineural cells and in 


the epineural and endoneural vessel 
walls. In semithin sections stained 
with toluidine blue, the positive mate- 
rial was discernible in both endothelial 
and perithelial cells as well as the 
perineurium (Fig 1). 

Electron Microscopic — Findings.— 
Low-resolution micrographs demon- 
strated electron-dense granules in the 
perineural cells (Fig 2) and in the 
endothelial and perithelial cells of the 
endoneural vessels (Fig 3). 

High-resolution micrographs 
showed that the granules were made 
up of parallel sheets of regularly 
alternating light and dark zones with 
a periodicity of 6.5 to 7.0 nm. Lamel- 
lated dense bodies showing the same 
periodicity were infrequently found in 
the Schwann cell cytoplasm of myeli- 
nated fibers (Fig 4). These inclusions 
differed in shape and periodicity from 
the normally occurring 7 granules of 
Reich. 

Most of the myelinated fibers 
showed a normal appearance. Thin 
myelinated fibers were occasionally 
observed with aggregation of neuro- 
filaments, increased number of mito- 
chondria, electron-dense bodies, and 
periodically lamellated bodies. Axons 
affected in this manner appeared 
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Fig 9.—Frequency distribution of myelinated fibers (N = 764) of sural nerve in patient 


(top) and control subject (N = 846) (bottom). 


shrunken and were separated from 
the myelin sheath by an electron- 
dense rim of adaxonal Schwann cell 
cytoplasm that often contained irreg- 
ular myelin degradation products (Fig 
9). In addition, the Schwann cell cyto- 
plasm occasionally contained mem- 
brane-bound aggregates of glycogen 
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and lipid droplets. 

Unmyelinated fibers were fre- 
quently wrapped singly by Schwann 
cells: Axonal degeneration was not 
uncommonly seen in unmyelinated 
fibers. These contained amorphous 
structures, vesicles, abundant endo- 
plasmic reticulum, and occasionally 


concentrically laminated bodies show- 
ing the same periodicity as the inclu- 
sions in the endothelial and perithelial 
cells (Fig 6). The latter were also seen 
in otherwise normal-appearing un- 
myelinated axons (Fig 7). 
Proliferation of Schwann cell pro- 
cesses were commonly seen, some- 
times forming frank onion bulbs 
around myelinated fibers and layered 
Schwann cell bands around individual 
unmyelinated fibers (Fig 8). 
Morphometric Histology.—The fre- 
quency distribution of myelinated 
fiber size of the present case is 
compared with that of a 35-year-old 
control subject in Fig 9. The bimodal 
distribution usually seen in the sural 
nerve is retained, but a loss of small 
myelinated fibers is discernible. The 
caliber distribution of unmyelinated 
fibers compared with the same control 


= subject (Fig 10) shows an extensive 


loss of large unmyelinated fibers. The 
myelinated and the unmyelinated 
fiber densities per fascicular area 
were 6,580 and 37,230/sq mm, respec- 
tively. The density of myelinated 
fibers is at the lower margin of 
normal, whereas the density of un- 
myelinated fibers is normal. 

In isolated teased fibers, no seg- 
mentally demyelinated fibers were 
found. However, when internodal 
length was plotted against fiber diam- 
eter and the regression line calculated, 
the internodes were shorter than in 
the control subject (Fig 11). This 
abnormal relationship was more 
marked among thin fibers. 


Muscle Biopsy Specimen 


Light Microscopic  Findings.— The 
paraffin sections showed normal mus- 
cle fascicles with a normal fiber size 
distribution. The nuclei were periph- 
erally located and there was no indica- 
tion of active degeneration or regen- 
eration of muscle fibers. No increase 
of the perimysial or endomysial con- 
nective tissue was detected. 

Quantitative studies of the muscle 
showed a normal unimodal fiber 
distribution with a peak of fibers 
measuring 55 to 60 » in diameter and 
with a range between 25 and 80 y. 

Histochemical Findings.—The adeno- 
sine triphosphatase stain showed the 
normal checkerboard pattern and no 
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Fig 10.—Frequency distribution of unmyelinated fibers in sural nerve in patient (N = 391) 


(top) and control subject (N = 332) (bottom). 


apparent difference in size between 
type I and II fibers. The Sudan black, 
oil red O, acid phosphatase, and PAS 
sections showed accumulation of posi- 
tively stained granular material con- 
fined to vascular endothelium and 
surrounding pericytes. The same ma- 
terial appeared blue in toluidine blue 
sections. In addition, blue-staining 
granular material infrequently oc- 
curred in the muscle cells beneath the 
sarcolemma (Fig 12). 

Frozen sections also showed refrac- 
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tility of the accumulated material in 
the endothelial cells on polarized 
light. 

Electron Microscopic Findings.—Ul- 
trastructurally the light microscop- 
ically identified granules consisted of 
electron-dense bodies confined to the 
endothelial and perithelial cells and 
occasionally in the muscle cells in the 
vicinity of the sarcolemma. The elec- 
tron-dense bodies were irregular in 
shape but generally spherical lamel- 
lated bodies. High-resolution micro- 
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graphs showed that the lamellated 
bodies were sometimes surrounded by 
a disrupted double membrane, and 
showed parallel or concentrically ar- 
ranged lamellae with the same period- 
icity as those found in the sural nerve 
(Fig 13). 


COMMENT 


This patient provided an oppor- 
tunity to confirm earlier findings and 


to add some previously unreported 


observations in the peripheral nerve 
of Fabry's disease. | 

From our quantitative studies we 
can conclude that there is a selective 
loss of coarse unmyelinated and small 
myelinated fibers. These findings are 
in accordance with the ultrastructural 
findings of a few unmyelinated axons 
showing degeneration and the pres- 
ence of lamellated bodies, presumably 
representing materials exported from 
the neuronal perikaryon. Small myeli- 
nated fibers were also involved in a 
degenerative process. In myelinated 
axons lamellated bodies were present, 
though much less frequently than in 
unmyelinated axons. 

These findings are in contradiction 
to those of Fukuhara et al,° who found 
a depletion of large myelinated fibers, 
whereas small myelinated and unmye- 
linated fibers were unaffected. 

The present findings however, are 
identical to those demonstrated by 
Ohnishi and Dyck’ and Bischoff et al^ 
in the sural nerve. The presence of 
degenerating unmyelinated and thin 
myelinated fibers, and in particular 
the presence of intra-axonal lamel- 
lated bodies, is consistent with the 
presence of stored lipid material in 
peripheral autonomic ganglia and spi- 
nal ganglia perikarya as demon- 
strated by Scriba,' Ohnishi and Dyck,’ 
and others.*° 

It is therefore tempting to assume 
that sympathetic fibers innervating 
sweat glands are damaged and are 
responsible for the decreased sweat- 
ing ability. Likewise, the abdominal 
pain may be due to involvement of 
autonomic nerves. 

It is more difficult to explain the 
excruciating pain without objective 
evidence of sensory disturbances. 


However, it has been postulated''" - 


that a decrease in the number of small 
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Fig 11.—Internodal length plotted against fiber diameter of teased fibers in patient (top) 


and control subject (bottom). 





Fig 12.—Semithin toluidine blue-stained 

section from gastrocnemius muscle, 
showing lipid deposition in capillary endo- 
thelium and within muscle fibers. 
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myelinated and unmyelinated fibers 
is associated with impairment of 
temperature and pain sensation. This 
would therefore permit the preserva- 
tion of the sensory nerve action poten- 
tials that depend on conduction in the 
larger fibers. 

The caliber spectrum of unmyeli- 
nated nerve fibers showed a marked 
loss of large fibers, although the 
density of unmyelinated fibers per 
area unit was not affected. This 
apparent divergence is probably due 


to axonal sprouting, a phenomenon 
often observed in long-standing neu- 
ropathies.'^ Similarly, the frequently 
observed proliferation of Schwann cell 
processes may be an expression of the 
reparative efforts of the Schwann 
cells in this chronic neuropathy. 

Examination of the relationship 
between fiber diameter and inter- 
nodal length disclosed the presence of 
abnormally short internodes for a 
given diameter. This deviation from 
normal was more marked among thin 
fibers, and may be the result of either 
segmental demyelination and remye- 
lination or fiber degeneration foi- 
lowed by regeneration. 

The muscle biopsy specimen demon- 
strated no abnormalities indicative of 
denervation or myopathy. The histo- 
chemical reactions of the deposits in 
the endothelial and perithelial cells 
were identical to those previously 
reported in Fabry's disease.'^" In 
addition, electron microscopy dis- 
closed occasional intrasarcolemmal 
deposition of stored material. 

Biochemical studies have shown 
that the material that accumulates 
consists of ceramide trihexoside and 
dihexoside due to reduction or com- 
plete absence of a-galactosidase.'* Ac- 
cording to Kint, at least two differ- 
ent isoenzymes, A and B, are present 
in most organs, whereas the brain 
only contains the isoenzyme B. The 
biochemical assay of the present case, 
showing a total deficiency of a-ga- 
lactosidase, indicates that both the 
isoenzymes were involved in the 
disease process. 

It has been claimed'*?*^ that the 
presence of two isoenzymes makes it 
likely that genetic variants of Fabry's 
disease will be present. This could be 
the explanation for the divergent 
neuropathological findings by Chris- 
tensen-Lou and Reske-Nielsen* on the 
one hand and Scriba’ and Rahman’ on 
the other hand. The former authors, in 
contrast to the latter, were not able to 
find lipid deposits in neurons of the 
brain. 

It is thus possible that cases of 
Fabry's disease with deficient A and 
B isoenzymes show endogenous ac- 
cumulation of stored material in 
neuronal tissue due to a defect of type 
B isoenzyme, rather than exogenous 
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Fig 13.—Top, Lamellated body in muscle cell underneath sarcolemma (SL). Note disrupted double 
membrane (MB) partly surrounding body. Bottom, Lamellated body, showing alternating dark and 
light lamella. Periodicity, 7.0 nm. 
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uptake of circulating lipid; other cases 
of Fabry’s disease only exhibit type A 


_deficiency and will therefore show no 


accumulation in the CNS provided the 
barrier function is intact. 
In conclusion, this case of Fabry’s 
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Acetazolamide in the Treatment 


of Pyruvate Dysmetabolism Syndromes 


Owen B. Evans, MD; Anthony W. Kilroy, MD; Gerald M. Fenichel, MD 


è Two children with periodic weakness 
beginning in infancy were demonstrated 
to have abnormalities in pyruvate metabo- 
lism by the production of lactic acidosis 
following a glucose load. Daily oral doses 
of acetazolamide reduced the frequency 
of attacks and reversed the abnormal 
response to glucose loading. The mecha- 
nism of action of acetazolamide in these 
patients is not clear. 

(Arch Neurol 35:302-305, 1978) 


isorders of pyruvate metabolism 
have been implicated in a va- 
riety of neurological disorders. Eleva- 
tions of blood pyruvate levels have 
been described in patients with cere- 
bellar ataxia,’ Leigh's subacute ne- 
crotizing encephalopathy (SNE),"" 
periodic paralysis,^ and peripheral 
neuropathy.''* Specific enzyme defi- 
ciencies of the pyruvate dehydro- 
genase complex (PDH)-'*'"-^* and 
pyruvate carboxylase (PC) 
have been implicated in many of the 
neurological syndromes associated 
with hyperpyruvicemia and, although 
the symptoms are variable, they are 
usually associated with some degree 
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of growth and psychomotor retarda- 
tion, ataxia, hypotonia, and movement 


disorders. Therapy with thiam- 
1110,1-2-8-17-19/23,23-25 lipoic ACI, 22: 14+18:23:25 
and dietary manipulation!>:7:13-17.21.23.24 


has met with only variable success. 

This report describes two children 
with pyruvate dysmetabolism syn- 
dromes whose clinical symptoms and 
biochemical abnormalities were sub- 
stantially improved by treatment 
with acetazolamide. 


REPORT OF CASES 


Case 1.—An 8-year-old boy weighed 3.5 
kg at birth. Pregnancy, labor, and delivery 
of his 18-year-old mother were uncompli- 
cated. The parents are not consanguineous 
and this is their only child. He was well 
until 9 months of age when he manifested 
generalized weakness and hyporeflexia 
during a viral respiratory infection. Simi- 
lar episodes, lasting two to ten days, re- 
curred with subsequent infections or 
stress. Recovery from attacks was incom- 
plete as evidenced by residual weakness of 
distal muscles, ptosis, and partial external 
ophthalmoplegia. 

The child was hospitalized seven times in 
six years for diagnosis and treatment. The 
following laboratory values were consis- 
tently normal: complete blood cell count 
(CBC); urinalysis; serum calcium, phos- 
phate, magnesium, lactate dehydrogenase 
(LDH), creatinine phosphokinase (CPK), 
SGOT, alkaline phosphatase, and aldolase; 
urine arylsulfatase, amino acid chromatog- 


raphy, ll-hydroxycorticosteroids, and 17- 
ketocorticosteroids; thyroid function stud- 
ies; electroencephalography; and examina- 
tion of spinal fluid. Repeated determina- 
tions of serum potassium, chloride, and 
sodium levels during attacks were normal 
but serum bicarbonate concentration was 
consistently low, ranging from 8 to 18 
mEq/liter. The pH of arterial blood varied 
from 7.16 to 7.38, with Pco, of 25 to 28 mm 
Hg and normal Po,. Several random lactate 
and pyruvate determinations gave normal 
findings. 

Repeated electrodiagnostic studies dem- 
onstrated changes compatible with a neu- 
ropathic process. Nerve conduction velocity 
studies were at first normal, but progres- 
sively slowed to abnormal rates during the 
years of observation. Repetitive stimula- 
tion studies have been normal. 

The first muscle biopsy, performed at 
age 2 during an attack, gave normal find- 
ings. A subsequent biopsy specimen at age 
7 demonstrated evidence of chronic dener- 
vation and reinnervation. 


The patient was initially considered to. 


have a normokalemic periodic paralysis 
and treated empirically with acetazol- 
amide, 250 mg/day, for two treatment 
periods of 12 and 18 months. During these 
periods there were clinical improvement 
and fewer hospitalizations (Fig 1). At age 7 
he was readmitted to the hospital with an 
attack of weakness following cessation of 
acetazolamide therapy. He was then found 
to be in lower than the third percentile for 
height, weight, and head circumference. 
Neurological examination disclosed mild 
intellectual impairment, diffuse hypotonia, 
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hypoactive reflexes, external ophthalmo- 
plegia, lack of facial expression, nasal 
speech, dysarthria, and dysphagia. He 
recovered his baseline strength within one 
week and was then able to walk with the 
aid of leg braces and a walker. The diag- 
nosis of PDH deficiency was reconsidered 
despite the prior finding of normal pyru- 
vate levels. In order to explore this possibil- 
ity, a glucose load was administered. 

Glucose-Lactate Tolerance Test.—After 
an overnight fast, 1.75 g/kg of glucose and 
water were ingested in two to five 
minutes. Blood samples were obtained 
through an indwelling venous catheter at 0, 
30, 90, 120, and 180 minutes and placed 
immediately in ice water for the determi- 
nation of glucose, lactate, alanine, and 
pyruvate. The results are summarized in 
Fig 2. The serum glucose level peaked at 30 
minutes and remained elevated at two 
hours, indicating a diabetic curve. Serum 
pyruvate value rose from a level of 2.0 to 
6.5 mg/dl in three hours (normal, 0.3 to 0.9 
mg/dl); serum lactate level rose from 2.4 to 
8.4 mg/dl in three hours (normal, less than 
2.2 mg/dl); and serum alanine level rose 
from 397 to 608 u/liter (normal, 350 u/liter). 
This test indicated a decreased rate of 
glucose catabolism secondary to a block in 
the entry of pyruvate into the tricarboxylic 
acid (TCA) cycle and shunting of pyruvate 
to lactate and alanine. During and follow- 
ing the glucose infusion, the child became 
weaker. 

The acetazolamide therapy was not 
restarted; instead, the child was given 
thiamine, 600 mg/day, and a low carbohy- 
drate diet. This regimen was tried for 
three months, during which time an 
episode of weakness occurred with a febrile 
illness. At the end of the trial, the test was 
repeated, with only glucose and lactate 
measured, as the lactate levels accurately 
reflected changes in pyruvate and alanine. 
The curves for levels of serum glucose and 
lactate were not significantly altered from 
those observed in the initial study. It was 
concluded that the thiamine therapy and 
low carbohydrate diet had no effect either 
on the clinical course or on the metabolism 
of pyruvate, as measured by this test. 

Acetazolamide, 250 mg/day, was added 
to the thiamine regimen and low carbohy- 
drate diet. The tolerance test was repeated 
after three months; the results are summa- 
rized in Fig 3. This time, the serum glucose 
levels rose more slowly than previously, 
peaked at two hours, and returned to base- 
line at three hours. The lactate levels 
remained normal throughout the test. 


Case 2.—A 2'%-year-old boy weighed 3.2 


& kg at birth. The term pregnancy of his 21- 


year-old mother was uncomplicated. The 
parents were not consanguineous and 
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Fig 1.—Patient 1. Clinical course and therapeutic trials. 
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there are no siblings. He enjoyed good 
health until 14% years of age, when he 
began to experience monthly episodes of 
weakness that lasted one to two days and 
usually occurred at the time of a viral 
illness. Recovery from attacks was com- 
plete. 

The child was hospitalized for evaluation 
at 2 years of age. He was found to be in 
lower than the third percentile for height, 
weight, and head cireumference. Psycho- 
motor development had been normal. The 
neurologieal examination showed no ab- 
normalities. The following laboratory val- 
ues were normal: CBC and urinalysis; 
serum electrolytes, glucose, calcium, phos- 
phate, LDH, SGOT, alkaline phosphatase, 
and CPK; urine amino acid chromatog- 
raphy and arylsulfatase; eleetroencephalo- 
graphy; examination of the spinal fluid; 
computerized tomography; electromyogra- 
phy and nerve conduction velocities; and a 
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muscle biopsy. 

Although fasting serum lactate levels 
were normal, a glucose-lactate tolerance 
test was performed. The procedure was 
identical to that described for the first 
patient except that pyruvate and alanine 
levels were not measured. The results of 
the tests are summarized in Fig 4. The 
glucose tolerance curve was abnormal with 
a prolonged elevation at two hours. The 
lactate value initially fell from a baseline 
level of 2.1 to 1.2 mg/dl at 30 minutes, and 
then rose to 3.6 mg/dl at three hours. 

The child was given acetazolamide, 250 
mg/day; after three months of therapy, 
during which time no further attacks 
occurred, he was hospitalized for another 
glucose-lactate tolerance test. The results 
are summarized in Fig 5. The glucose toler- 
ance curve was again abnormal, with a 
mild diabetic pattern, but lactate levels 
remained normal throughout the test. 
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Fig 6.—Pyruvate metabolism. 1 indicates 
pyruvate kinase; 2, lactate dehydrogen- 
ase; 3, pyruvate-alanine transaminase; 4, 
pyruvate dehydrogenase complex; 5, py- 
ruvate carboxylase. 


Acetazolamide therapy was continued, 
and the child returned two months later 
with his first attack of weakness since the 
initiation of therapy. Examination dis- 
closed diffuse hypotonia and weakness, 
with the muscle strength reflexes present 
in all limbs. The cranial nerves were intact 
and there was no evidence of cerebellar 
dysfunction. Sensory examination gave 
normal findings. 

Laboratory values during this attack 
included normal serum electrolytes, glu- 
cose, and venous pH. Urinalysis results 
were normal except for mild ketonuria, and 
random serum lactate levels were slightly 
elevated at 14 to 2.6 mg/dl. The child 
improved spontaneously after 36 hours and 
was discharged fully recovered. The five- 
month period in which he was free of 
attacks was the longest such period since 
the onset of illness. 


COMMENT 


The clinical syndromes in our 
patients associated with the abnormal 
response to glucose loading are consis- 
tent with disturbances in pyruvate 
metabolism. These disturbances could 
be deficiencies in PDH, PC, or other 
enzymes concerned with the metabo- 
lism of pyruvate. A specific enzymatic 
diagnosis could not be made in either 
patient. The glucose-lactate tolerance 
test is a useful method of stressing 
pyruvate metabolism. A glucose load 
is normally metabolized to pyruvate, 
which is the entry point into the TCA 
cycle (Fig 6). A deficiency of PDH 
prevents the complete entry of pyru- 
vate into the TCA cycle and thereby 
increases the use of alternate path- 
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ways to lactate and alanine. Pyruvate 
carboxylase deficiency impairs the 
conversion of pyruvate to oxaloace- 
tate with similar results. The glucose- 
lactate tolerance test therefore serves 


as a screening test both for PDH and 
PC deficiencies. | 


Vitamin administration and dietary 
management have been suggested for 
the treatment of children with pyru- 
vate dysmetabolism syndromes. 
Thiamine is a necessary cofactor for 
the first enzyme of the PDH complex, 
pyruvate dehydrogenase,” but its use 
as a therapeutic agent has met with 
variable results'^^** in patients with 
PDH deficiency. It has also been tried 
in patients with PC deficiency to 
create a physiological shunt to divert 
pyruvate from the PC pathway to the 
PDH pathway, with benefit in some 
cases." | | 

Thioctic acid is a cofactor for all 
three enzymes of the PDH complex'*5; 
it has been used successfully in 
treating some patients with PC defi- 
ciency’? and in a patient with hyper- 
pyruvecemia with no known specific 
enzyme defects.^ It was not found 
helpful in one patient with PDH defi- 
ciency" or another with SNE." 

Carbohydrate sensitivity is a dem- 
onstrated factor in  exacerbating 
symptoms of PC and PDH deficien- 
cies.™®"-= Dietary management can 
be approached either by reducing 
carbohydrate intake or by circum- 
venting pyruvate metabolism by the 
use of a ketogenic diet. This diet 
provides fatty acids for the production 
of acetyl coenzyme A and has been 
reported to provide clinical improve- 
ment in patients with PC and PDH 
deficiencies.**'7*'| Another mecha- 
nism for circumventing the PC path- 
way is a diet rich in glutamine and 
aspartate. These amino acids are 
converted into oxaloacetate by other 
pathways and are reported to be 
useful in the management of PC defi- 
ciency.'^^ 

Thiamine administration and a low 
carbohydrate diet did not produce a 
clinieal response or a biochemical 
improvement in our first patient. In 
contrast, acetazolamide therapy pro- 
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vided a consistent clinical improve- 
ment and prevented the rise of serum 
lactate level following the administra- 
tion of a glucose load. A similar 
response was noted in the second 
patient. The discovery of acetazol- 
amide as a useful agent in treating 
these conditions is of course serendipi- 
tous as its original use was based on a 
misdiagnosis. Indeed, the response to 
acetazolamide seems paradoxical in 
that it produces a metabolic acidosis 
and inhibits renal secretion of weak 
organic acid. However, in addition to 
carbonic anhydrase inhibition, recent 
reports indicate that acetazolamide 
stimulates adenyleyclase" and may 
inhibit glutamyltransferase* in the 
rat kidney. From the results in our 
patients, it seems likely that acetazol- 
amide may have some as yet uniden- 
tified effect on the enzymes con- 
cerned with pyruvate metabolism. 


Nonproprietary Name 
and Trademark of Drug 


Acetazolamide-— Diamox. 
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Megalencephaly in Infants and Children 


The Possible Role of Increased Dural Sinus Pressure 


Harold D. Portnoy, MD, Paul D. Croissant, MD 


® Seven children studied because of 
clinical macrocephaly and suspected hy- 
drocephalus ultimately proved to have 
megalencephaly apparently due to an 
increase in sagittal sinus venous pressure 
as established from infusion studies. 
Unexplainably, these patients were all 
males. All were seen initially between 2 
and 8 months of age. Head enlargement 
exceeded two standard deviations in all 
seven. Pneumoencephalography, ventric- 
ulography, or computerized tomography 
demonstrated normal or minimally en- 
larged ventricles that did not progress in 
size. Isotope cisternography was abnor- 
mal. Studies of CSF formation and 
absorption demonstrated normal absorp- 
tion rates but high calculated sagittal 
sinus pressures. Though therapy was 
usually not required, in one unusual 


he pediatrician, neurologist, and 
neurosurgeon is commonly faced 
with the problem of exeessive head 
enlargement (macrocephaly) in an 
infant or child. 
Since macrocephaly may be the 
result of megalencephaly, DeMyer' 
offered the following criteria for the 
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infant, severe progressive macrocephaly 
with minimal hydrocephalus required a 
shunt. Another had a transient episode of 
acute hydrocephalus associated with a 
low CSF absorption rate and ventricular 
enlargement. 

In this report, we review the intracranial 
hydrodynamics of benign intracranial hy- 
pertension (BIH), communicating hydro- 
cephalus, and the pathogenesis of megal- 
encephaly. Benign intracranial hyperten- 
sion and the type of megalencephaly 
demonstrated by our patients appear to 
develop similarly except that the presence 
of open cranial sutures may allow a tran- 
sient nonhydrostatic loading of brain 
parenchyma in infants, resulting in mild, 
nonprogressive macrocephaly. 

(Arch Neurol 35:306-316, 1978) 


diagnosis of megalencephaly: (1) an 
occipitofrontal cireumference exceed- 
ing two standard deviations above the 
mean by at least 0.5 em, (2) pneumoen- 
cephalographie examination that es- 
tablishes the presence of an excessive 
volume of cerebral tissue but excludes 
obstruetive hydrocephalus, subdural 
hematoma, or space-occupying lesions, 
and (3) no underlying metabolic disor- 
der in which abnormal products 
accumulate in the brain (ie, Tay-Sachs 
disease) and no achrondroplasia, neu- 
rofibromatosis, tuberous sclerosis, or a 
myelomeningocele-Chiari's malforma- 
tion. 


The seven children in this study 
meet these criteria and were studied 
because of the concern for underlying 
hydrocephalus. They had the follow- 
ing clinical picture: (1) All were males. 
(2) Each had macrocephaly without 
apparent etiology. (3) None were 
retarded. (4) Each had a mild intra- 
cranial hypertension. (5) The EEG was 
normal or only mildly abnormal. (6) 
Ventricular size was either normal or 
minimally enlarged and nonprogres- 
sive. (7) Isotope cisternography usual- 
ly showed a delay in absorption of the 
isotope. (8) Most specifically, all had 
CSF formation and absorption studies 
(CSFFA) demonstrating a normal 
CSF absorption rate and calculated 
elevation of sagittal sinus pressure 
similar to that seen in benign intra- 
cranial hypertension (BIH) in adults. 

It is postulated that in these chil- 
dren, megalencephaly developed from 
an increase in parenchymal fluid 
volume secondary to an increase in 
sagittal sinus pressure. The minimal, 
nonprogressive hydrocephalus seen in 
some of these infants may be 
explained by the coexistence of the 
increase in sagittal sinus pressure, 
with open cranial sutures resulting in 
a transient nonhydrostatic loading of 
the brain parenchyma.’ Megalenceph- 
aly in these infants is thus due to a 
defect in CSF absorption. These 
patients can be considered in a group 
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that forms part of a continuum of CSF 
absorptive defects, with increased 


_ sagittal sinus pressure without macro- 


cephaly (benign intracranial pressure, 
BIH) at one end, and at the other end, 
obstruction to CSF flow in a patient 
with open sutures, producing marked 
macrocephaly and hydrocephalus. 


MATERIALS AND METHODS 


The seven children were first seen 
between 2 and 8 months of age and were all 
male. Except for two (cases 4 and 5), they 
were asymptomatic, except for a large 
head (0.5 cm above the 98% curve for head 
circumference as described by Nellhaus’). 
A third child (case 7) had headaches at the 
age of 8 years. Progressive enlargement of 
the head was noted in each, though of 
minimal degree in three. 

The following special tests were ob- 
tained in addition to routine skull roent- 
genograms and EEG. A CSFFA was 
performed, utilizing a modification of the 
constant-pressure infusion technique de- 
scribed by Ekstedt and us'*^ (Fig 1). The 
study involves infusing or withdrawing 
fluid from the lumbar subarachnoid space 
at a constant pressure and awaiting a 
constant flow. Beginning at resting pres- 
sure (P,), which represents pressure at zero 
change in flow, the procedure is carried out 
at four to eight different pressures, 
ranging from 40 to 400 mm H,O. The 
regression line obtained from the plotted 
data represents the CSF absorption rate or 
CSF conductance (C..). If CSF is with- 
drawn at a constant pressure below 40 mm 
H.O, the CSF formation rate (V) can be 
determined since CSF absorption does not 
occur below this pressure. The point of 
intersection of the lines representing C..; 
and V is the pressure at which absorption 
begins and represents the opening pres- 
sure of the arachnoidal villi plus the 
sagittal sinus pressure (P.,.).^*'* The lower 
limit for C.., (72 x 10-* ml/min/mm H.O*) 
is represented in the various graphs as the 
slope of the shaded area. For infants and 
children, the resting pressure has been 
taken as equal to the distance from the 
midline to the uppermost margin of the 
skull* and is indicated on the graphs as the 
apex of the shaded area. The shaded area 
thus describes a region of abnormal 
absorption for each patient. 

Following the CSFFA, a pneumoenceph- 


alogram (PEG) was obtained through the . 


same lumbar puncture needles. Except in 
patient 1, isotope cisternography (IC) was 
carried out at the time of PEG, utilizing 
ytlerbium 169 diethyltriaminepentaacetic 
acid DTPA). Because these studies were 
usually earried out in the afternoon, early 
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scans were unfortunately omitted on 
several occasions. In patient 1, IC was 
performed as a separate procedure uti- 
lizing indium 111-DTPA. In patient 7, 
simultaneous PEG and IC were not 
performed. Instead, a computerized tomo- 
graphic (CT) scan was obtained. 


RESULTS 


The growth curve for each of the 
seven infants is illustrated in Fig 2. 
The growth curves also indicate when 
various procedures were carried out in 
each of the patients. Test results were 
similar for each of these seven 
patients. Except for an increase in 
cranial size, the skull roentgenograms 
were normal. The EEGs were usually 
normal or only slightly abnormal, 
nonspecific, and nonlocalizing, except 
in patient 4, in whom EEG showed, on 
two occasions, generalized paroxysmal 
spike- and slow-wave activity. The 
CSFFAs were identical. In each 
instance, the P,, was high and the C.., 
ranged between 125 x 10* and 
307 x 10-* ml/min/mm H.O (Fig 3). A 
pneumoencephalogram, ventriculo- 
gram, or CT scan were all normal in 
three patients (Fig 4). Four patients 
showed minimal ventricular dilation 
(Fig 5). If more than one study was 
obtained in these cases, no progres- 


3 


A Flow (ml/min.) 


V Pss Pr 


sion of the mild ventriculomegaly was 
noted (Fig 6). 

Isotope cisternography showed ear- 
ly ventricular filling (when scans six 
hours or less were obtained) and 
usually prolonged retention of the 
isotope over the convexities (Table). 
This latter abnormality, however, may 
not represent a delayed absorption of 
5*Yb-DTPA since '*Yb-DTPA may 
decomplex with subsequent binding of 
Yb to the meninges (J. C. Harbert, 
MD, unpublished data, August 1975).* 
Semiquantitative IC performed on 
patient 1 using '"/»-DTPA demon- 
strated an essentially normal absorp- 
tion curve in the first 48 hours,” but 
early ventricular filling was noted and 
the isotope was still present over the 
convexities after 72 hours (Fig 7). 


REPORT OF CASES 


Four infants were studied solely becaus » 
of an enlarged head. The other three cases 
are summarized below. 

Case 4.—This patient was initially seen 
at 8 weeks. Progressive macrocephaly and 
increased intracranial pressure slowly de- 
veloped. Several PEGs showed minimal 
ventriculomegaly (Fig 2, 8, and 9). At 8 
months, a ventriculoperitoneal shunt was 
inserted that controlled head size. On 
several occasions, occlusion of the shunt 
was accompanied by head growth, nausea, 





200 400 


Pressure (mm H50) 


Fig 1.—Simulated CSF formation and absorption study. Cesp indicates CSF conductance 
(CSF absorption rate) (ml/min/mm H.O); Pr, resting pressure (mm H.O), V, CSF 
formation rate (ml/min); P.., sagittal sinus pressure and opening pressure villi (mm H,O); 
open triangle F, change in flow; open triangle P, change in pressure. 
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vomiting, and headaches. Relief of symp- 
toms was afforded by shunt revision. At 6 
- years and 9 months, the boy was studied 
after disconnection of the peritoneal cathe- 
ter. Ventriculomegaly via the shunt reser- 
voir showed minimal ventriculomegaly 
(Fig 10). A CSFFA showed a normal C. 
but high P... The V was relatively high (Fig 
3) Isotope cisternography demonstrated 
persistent isotope over the cortices at 96 
hours. A trial of acetazolamide was insti- 
tuted, and the boy has remained asymp- 
tomatic, except for an occasional mild 
headache. 

Case 5.—This patient had a borderline 
large head from birth and had an episode 
of communicating hydrocephalus following 
an upper respiratory infection at 6 months 
of age (Fig 11 and 12). A CSFFA indicated 
a borderline normal C,, and high P.. 
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Symptoms were reversed following the 
administration of steroids. A subsequent 
CSFFA showed a tripling of the previous 
C.., and a persistently high P., (Fig 3). A 
PEG showed a decrease in ventricular size 
(Fig 13). 

Case 7.—This patient was initially seen 
because of macrocephaly. Ventriculogra- 
phy demonstrated normal ventricles. He 
was lost to follow-up examination until the 
age of 8 years when he was seen because of 
headaches associated with engorged ret- 
inal veins and questionable papilledema. 
The CT scan was normal (Fig 4). A CSFFA 
disclosed a normal C.. and high P.. (Fig 
3). 


COMMENT 


DeMyer' succinctly presented an 
outline of the various causes of this 
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entity in a recent communication 
dealing with a review of 18 children 
having anatomic megalencephaly, 
that is, a large but not abnormal 
brain, and no clinical evidence of 
increased intracranial pressure (ICP). 
However, the symptoms and not CSF 
pressure was used as the criterion for 
ICP (W. DeMyer, MD, personal com- 
munication, May 1975). Of the 18 chil- 
dren, only two had no other medical 
diagnosis or problem, and nine were 
retarded. 

The seven children presented in this 
report have never demonstrated any 
evidence of metabolic disease and 


BOYS 


would be classified as having ana- d 


tomic megalencephaly.' Patients 4, 5, 
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" and 7 had'clinieal evidence of an 


inerease in intracranial pressure, and 
patient 5 had this only during a tran- 
sient episode of communicating hy- 
drocephalus. Each of the other chil- 
dren, however, had an increased ICP 
when applying the criterion of Foltz," 
that is, a pressure greater than the 
vertical distance from the midline to 
the upper margin of the skull when 
measured in the recumbent position 
(Fig 3). 

Is the megalencephaly in these 
cases actually due to a mild, chronic 
form of infantile and early juvenile 

& BIH that occasionally becomes severe 
and/or acute as in patients 4 and 5? 
In a review of two series of BIH in 
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children, that of Rose and Matson" 
and Hagberg and Sillanpáà", several 
similarities are evident between our 
cases of megalencephaly and those 
with BIH. While BIH in adults is 
predominantly seen in females (3:1 to 
8:1), the reverse is noted in children. 
Thus, in the series of Rose and 
Matson, males predominated by 14 to 
9 and in the series of Hagberg and 
Sillanpáà, 10 to 8. If only children 
under the age of 5 years are consid- 
ered in both series, 14 of the 15 were 
males. Thus, it appears that in infancy 
and early childhood, males are consid- 
erably more susceptible to this mala- 
dy. 

In contrast to the present group, 
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Fig 2.—Head growth charts of seven patients, with indication of 
timing of various procedures. Asterisk indicates head circumfer- 
ence measurement; CA, carotid angiogram; CSFFA, CSF forma- 
tion and absorption study; |, infected shunt; IC, isotope cisternog- 
raphy; PEG, pneumoencephalogram; RS, removal shunt; S, shunt 
inserted; SR, shunt revision; V, ventriculogram. 


only 10 of the 41 children (one infant) 
in these two series'' * had no recogniz- 
able etiology for BIH. In the others, 
the common antecedent events were 
infection, frequently an otitis media, 
head injury, or metabolic dysfunction. 
There is also a difference in that the 
cases of BIH do not have abnormally 
large heads and the onset of the 
disease is acute, severe, and associated 
with a severe increase in ICP. This 
may indicate entirely separate enti- 
ties or only that there is an acute 
form, which produces a severe in- 
crease in ICP without macrocephaly 
and a chronic form, with a mild to 
moderate increase in ICP and abnor- 
mally large head. 
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Fig 3.—Cerebrospinal fluid formation and absorption studies of 
seven children. Pr indicates resting pressure; Cess, CSF conduc- 
tance or absorption rate; P.., sagittal sinus pressure and opening 
pressure villi; V, CSF formation rate. 
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In the present cases of megalen- 
cephaly and in BIH, the children 
appear to be otherwise normal. Mental 
retardation, focal neurological abnor- 
malities, and convulsions are not pres- 
ent, and the EKG is normal or only 
mildly abnormal and nonspecific. 
Characteristically, ventricular size is 
normal or only slightly abnormal in 
BIH. Likewise, these seven children 
had normal or only slightly abnormal 
ventricles. As examples, in spite of 
considerable macrocephaly, ventricu- 
lomegaly did not develop in patients 3 
and 7, and patient 4 had only minimal 
ventriculomegaly (Fig 4 and 8 through 
10). Only patient 5 had a significant 
ventriculomegaly (Fig 12), but it was 
transient and associated with a tem- 
porary change in CSF hydrodynam- 
ics. 

Patient 4 had a cavum velum inter- 
positum noted on PEG at 2 months of 
age. Recently, Raimondi et al” de- 
scribed several cases of "normal or low 
pressure hydrocephalus” in which a 
cavum velum interpositum was asso- 
ciated with a variable delay in mile- 
stones, moderate ventricular dilation, 
and in some cases, a large head. We do 
not believe this child fits the described 
syndrome and most likelv, the pres- 
ence of a cavum velum interpositum 
was coincidental since in a recent 
study, 48% of infants under 3 months 
of age had a cavum velum interposi- 
tum." 

As noted in the table, these patients 
demonstrate two abnormalities on IC; 
early ventricular entry of the isotope 
and prolonged stasis of the isotope 
over the cerebral convexities. These 
same abnormalities were noted in five 
cases of megalencephaly by Ouvier et 
al^ Bereaw and Greer" studied one 
teenage patient and two adult pa- 
tients with BIH. Two patients demon- 
strated prolonged absorption of the 
isotope (iodinated I 131 serum albu- 
min). Johnson and Paterson" studied 
four adults and two children (both 6 
years old). All except one child demon- 
strated prolonged absorption of the 
isotope (sodium  pertechnetate Te 
99m), with retention in the subarach- 
noid space beyond 48 hours. In neither 
study was ventricular entry noted, 
however, and these studies did not 
indieate whether early scans had been 
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Fig 4.—Case 7. Computerized tomograph- 
ic scan demonstrating normal ventric- 
ules. 


Fig 6.—Case 1. Pneumoencephalogram at 9 months (left) and 24 months (right), 








Fig 5.—Case 2. Pneumoencephalogram 
demonstrating minimal ventriculomegaly. 





demonstrating mildly enlarged ventricles without change in ventricular size. 


obtained. Thus, both these instances 
of megalencephaly and BIH may 
demonstrate a delay in the absorption 
of CSF as demonstrated by isotope 
cisternography. 

The most significant similarity be- 
tween the seven cases presented and 
patients with BIH is in the study of 
their CSF hydrodynamics. Jan 
Eksted, MD (personal communication, 
Sept 10, 1974, and Oct 14, 1975) has 
studied adults with BIH. Each demon- 
strated a normal CSF absorption rate 
but a high P... Exactly the same 
defect in CSF hydrodynamies is seen 
in these children, that is, there is a 
high opening pressure of the arach- 


noidal villi, or a high sagittal sinus 
pressure, or both. Since the absorption 
rate is normal, it is unlikely that the 
arachnoidal villi are abnormal. Most 
likely, the defect is a high sagittal 
sinus pressure. This could have been 
answered definitively had a simulta- 
neous measurement of sagittal sinus 
pressure been obtained at the time of 
CSSFA. It must be remembered, 
however, that a high P., was recog- 
nized only after the CSSFA was 
completed. The risk of possible compli- 
cations that could arise from a second 
study with trephination and invasion 
of the sagittal sinus was not believed . 
justified in these children with a rela- 
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Isotope Cisternography 


Early ventricular entry (1-7 hr), persistent isotope 
retention to 72 hr 


2 17,41,66 Persistent isotope retention to 66 hr 
3 6,24,48 Ventricular entry (6 hr) 


4 18,24,48,72,76 Persistent isotope retention to 96 hr 
5 6,24,48 Equivocal ventricular entry 
18,24,48,72,96 Persistent isotope retention to 96 hr 
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Fig 7.—Semiquantitative isotope cisternogram of patient 1. Though curve is normal to 48 
hours, there is ventricular filling (1, 4, and 7 hours) and prolonged retention of isotope 


over convexities to at least 72 hours. 





Fig 8.—Case 4. Pneumoencephalogram at 
2 months. Note blunted angles of lateral 
ventricles and cavum velum interpositum 
(arrows). 


Arch Neurol—Vol 35, May 1978 





Fig 9.—Case 4. Ventriculogram at 8 
months. Note lack of any increase in 
ventricle size. 
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tively benign problem. 

The possibility that these results 
were due to test error was considered. 
It was thought, however, to be unlike- 
ly since in CSFFA studies in over 75 
patients being evaluated for hydro- 
cephalus, only these seven boys dem- 
onstrated a high calculated sagittal 
sinus pressure and normal CSF 
absorption rate. 

Careful review of these cases did 
not provide a reason for the calculated 
sinus hypertension. In patient 4, in 
whom carotid angiography was ob- 
tained, no dural sinus abnormality 
could be discerned. A clue to the 
etiology may be the apparent sex 
linkage. It should be noted that this 
condition has been seen only in boys 
while in the classical adult form of 
BIH, women predominate. 

While BIH and hydrocephalus are 
both instances of a defect in CSF 
absorption, the intracranial mechanies 
of each are different. The mechanisms 
involved have been elucidated by 
Hakim et al.*'*^" Under normal condi- 
tions, blood entering the cranial cavity 
feeds the brain parenchyma and the 
choroid plexus. Eventually, blood from 
the viscoelastic, sponge-like parenchy- 
ma drains into the sagittal sinus. The 
CSF that is formed in the ventricles 
while also eventually draining into the 
sagittal sinus must first percolate 
through the ventricles and subarach- 
noid space (Fig 14, A). 
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Fig 10.—Case 4. Ventriculogram through 
shunt at 6 years, 9 months of age. Shunt 
obstructed due to peritoneal cathether 
disconnection. Note lack of increase in 
ventricular size from Fig 8 and 9. 
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Fig 11.—Case 5. Skull roentgenogram demonstrating spread 


sutures. 


Fig 13.—Case 5. Pneumoencephalogram. 
Note decrease in size of ventricles as 
compared to Fig 12. 


If pressure within the sagittal sinus 
increases, the pressure will be distrib- 
uted equally to the parenchymal and 
CSF circulations. With closed sutures, 
the pressure is transmitted hydrostat- 
ically, there being no deformation of 
the parenchyma and no ventriculo- 
megaly. There may, however, be 
retention of fluid leading to intra- 
cranial hypertension. This is the 
condition seen in adult BIH and in 
three of the cases presented in this 
study (Fig 14, B). 

On the other hand, if there is an 
extraventrieular obstruetion to CSF 
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ventricles. 


flow, CSF is retained within the 
ventricles, and the intraventricular 
pressure will rise but the sagittal 
sinus pressure will not. The result is a 
nonhydrostatic loading of the paren- 
chyma with a squeezing out of venous 
blood and concomitant ventriculomeg- 
aly. This is the condition prevailing in 
communicating hydrocephalus (Fig 
14, C). If the cranial sutures are open, 
the nonhydrostatic loading is ampli- 
fied because of the low restraining 
forces of the soft tissues of the calvar- 
ium. The result is hydrocephalus, with 
marked ventriculomegaly (Fig 14, 
D). 

A third condition can develop if 
there is an increase in venous pressure 
in the presence of open sutures. The 
resultant increase in intracranial 
pressure expands the  calvarium. 
Because the venous pressure is dis- 
tributed equally to the CSF and 
parenchyma, the resulting increase in 
intracranial volume contains fluid dis- 
tributed between  ventricles, sub- 
arachnoid space, blood, and intersti- 
tial space. The small amount of addi- 
tional fluid within the ventricles 
results in mild hydrocephalus. When 
suture closure oecurs, the situation is 
converted from a nonhydrostatic to a 
hydrostatie condition that limits fur- 
ther ventriculomegaly. This appears 
to be the mechanism for the develop- 
ment of the minimal ventriculomeg- 
aly seen in four of our patients. (Fig 
14, E). 





Fig 12.—Case 5. Ventriculogram. Note dilatation of the lateral 


Fig 14.—Figures adapted from Hakim et 
al. A, Normal. Permeating blood vessels 
convert brain parenchyma into a sponge- 
like viscoelastic material. Cerebrospinal 
fluid formed in choroid plexus percolates 
through ventricle and surrounding sub- 
arachnoid space. Both parenchymal and 
CSF circulations drain into sagittal sinus. 
With closed sutures, intracranial pressure 
is transmitted hydrostatically (equal op- 
posing arrows). In all figures, curved 
arrows indicate direction of flow; solid line, 
normal resistance to flow; interrupted line, 
increased resistance to flow. B, Benign 
intracranial hypertension (BIH) (increased 
sagittal sinus pressure P.. with closed 
sutures). Any increase in sagittal sinus 
pressure causes an equal increase in 
pressure within parenchymal and CSF 
circulations. Increased pressure is thus 
transmitted hydrostatically (larger equal 
opposing arrows). C, Communicating hy- 
drocephalus (closed sutures). A block in 
CSF pathway results in rising pressure in 
CSF but not parenchymal 
Result is nonhydrostatic loading of paren- 
chymal (unequal opposing arrows) in 
which parenchymal sponge is squeezed 
out, with concomitant enlargement of 
ventricle. D, Communicating hydrocepha- 
lus (open sutures). If in addition to a block 
in CSF pathway the cranial sutures are 
open, resistive force of calvarium is lost, 
allowing cranial vault to expand. Nonhy- 
drostatic loading of parenchyma is thus 
greater (unequal opposing arrows) and 
severely enlarged ventricle may be 
formed. E, Hydrocephalus (increased P., 
with open sutures). If pressure in sagittal 
sinus is elevated and cranial sutures open, 
there is an outward expansion of skull. Any 
retained fluid is distributed equally be- 
tween all compartments. Because of low 
restraining forces of soft tissues of skull, 
nonhydrostatic loading occurs (unequal 
opposing arrows) with mild dilation of 
ventricles. As sutures close further, ven- 
triculomegaly is limited as condition 
reverts to that seen in “B.” 
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It ean be speculated that if the 
process is mild, that is, P.. is not too 
high, the increase in CSF, blood 
volume, and interstitial fluid is grad- 
ual and not excessive. The skull 
accommodates to the intraeranial con- 
tents, and the child demonstrates 
megalencephaly with or without mild 
hydrocephalus. If the process is sub- 
acute, the child may have mild symp- 
toms and a rather large head such as 
in patient 4. It may even be necessary 
to shunt the child." The function of 
such a shunt is not to increase the 
absorption rate, which is already quite 
satisfactory, but to lower the pressure 
at which CSF leaves the head. If the 
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process is brought on acutely, the 
pressure rise is severe and the picture 
is that of BIH. 

An apoplectic onset of symptoms 
may also be produced by the imposi- 
tion of a low absorption rate on an 
already high P.. (case 5). The already 
embarrassed absorption mechanism is 
suddenly subjected to additional 
stress, and the infant becomes acutely 
ill and typical obstructive hydroceph- 
alus develops. In case 5, it is suspected 
that the systemic infection and prob- 
able associated meningoencephalitis 
noted prior to the onset of the ictus 
was the cause for the alteration in the 
absorption rate. Reversal of this 
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process by the administered steroids 
was fortunate. In this child, there 
seemed to be a fine hydrodynamic line 
between obstructive hydrocephalus 
and the mild hydrocephalus produced 
by an increase in sagittal sinus pres- 
sure. 
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Atlantoaxial Malformation 
in a 46,XY, 17q+ Child 


A. B. Todorov, MD; D. F. Merten, MD; D. S. Borgaonkar, PhD; 


* A child with 46,XY, 17q+ chromo- 
some aberration and unusual skeletal 
abnormalities had the presenting symp- 
tom of respiratory arrest after a fall and 
minor head trauma. He exhibited propor- 
tionate short stature, peculiar facies with 
antimongoloid slant, simian creases, 
postaxial hexadactyly, metatarsus adduc- 
tus deformity, and anomalous penoscrotal 
configuration. Delayed speech and mild 
mental retardation were also present. 
Atlantoaxial dislocation secondary to 
odontoid process hypoplasia was demon- 
strated. Additional skeletal abnormalities 
included dysplastic changes in the first 
and fourth metacarpals, the middle pha- 
lanx of the second finger, and hypoplasia 
of the first metatarsal, with medial inser- 
. tion of the great toe. Treatment consisted 
of halo jacket cast and fusion of the 
. occiput to C1, C2, and C3. Early detection 

and preventive surgery for atlantoaxial 

dislocation is necessary to prevent neuro- 
logical deficit and possibly death by respi- 
ratory failure. 

(Arch Neurol 35:317-320, 1978) 


P: PEE of skeletal and dysmor- 
phie syndromes may include 
atlantoaxial malformation and asso- 
ciated neurological complications.’ 
The following case report describes 
* this in a child with 46,XY, 17q + chro- 
mosomal abnormality. 


REPORT OF A CASE 


This was the fifth Sacramento Medical 
Center admission for this 5!-year-old boy. 
On the day of admission, the child fell from 
a high chair, striking his occiput. This was 
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immediately followed by respiratory ar- 
rest. Resuscitation was instituted at home 
and followed by assistance in the emer- 
gency room. Spontaneous respiration was 
reestablished 12 hours later, and the 
patient experienced no subsequent respira- 
tory difficulties. 

There was no family history of con- 
genital abnormalities or hereditary dis- 
eases. The patient was the product of an 
eight-month pregnancy to a 23-year-old 
gravida 3, para 3 woman. At delivery, there 
was polyhydramnios and a small placenta 
with a twisted cord. The birth weight was 
1,985 gm, and the birth length was 42 cm. 
There had been no spontaneous respiratory 
effort at birth, and the infant required 
intubation and ventilation for approxi- 
mately ten minutes. Several dysmorphic 
features were noted at birth as described 
below. 

During the first year of life, the patient 
underwent surgery for postaxial hexadac- 
tyly of both feet and bilateral indirect 
hernias. Episodes of apnea required hospi- 
talization at the age of 6 weeks and 3 
months. At the age of 9 months, a ventric- 
uloatrial shunt was inserted to relieve a 
mild communicating hydrocephalus of un- 
determined origin. Somatie growth fol- 
lowed the tenth percentile, and head 
cireumference, the 50th percentile. The 
patient did not meet his motor and mental 
milestones. At the age of 4 years, his 
mental development was estimated at 2% 
years. At the present time, he lacks sponta- 
neous speech, requires assistance for feed- 
ing, and continues to wear diapers. Despite 
this, the child has good social adjustment 
and participates actively in games with 
children of his age. 

His height was 98 cm; weight, 14.3 kg; 
arm span, 102 cm; and head cireumference, 
53 em. Physical examination showed a 
normal head, except for a bony protuber- 
ance in the right posterior parietal area. 
The nose was broad-based, with a flat 
bridge and large nostrils. There were 
hypertelorism, antimongoloid slant, small 
low set ears, numerous cavities on the 
deciduous teeth and high-arched palate 
(Fig 1). Some flaring of the lower ribs was 
present. The thumbs were slightly medially 


implanted, with bilateral simian ereases, 
distal triradii, and hyperextensibility of 
the fingers. The great toes were also 
medially implanted, and scars of the 
removed postaxial supranumerary digit 
were present. An anomalous penoscrotal 
configuration resulted in a "saddle" defor- 
mity, with the scrotal folds partially encir- 
cling the base of the penis. The cardiovas- 
cular system and the abdomen were unre- 
markable. The child had no cranial nerve 
deficits. The muscle stretch reflexes were 
absent, with flexor plantar responses. 
There was some truncal instability, but 
otherwise, cerebellar function was normal. 
One observer thought the child's gait to be 
slightly wide-based, with dragging of the 
left foot. 

A complete radiographie bone survey 
was done. Abnormalities were limited to 
the atlantoaxial junetion, the hands, and 
the feet. The cervical spine showed a hypo- 
plastie odontoid process with an os odon- 





Fig 1.—Atlantoaxial malformation in 5- 
year-old child. Note peculiar facies, short 
stature, and medially implanted great 
toes. 
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Fig 2.—Lateral laminogram of upper cervical spine. Odontoid 
process is hypoplastic, with well-defined os odontoideum. 





Fig 3.—Top, When neck is extended, alignment of C1 and C2 is 
near normal, with some persistent narrowing of spinal canal. 
Bottom, With flexion, there is severe anterior subluxation of C1 
and C2. 





Fig 4.—In hands, minimal shortening of first and fourth metacarpal is present. Middle 
phalanx of second digit is nypoplastic. 
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toideum (Fig 2). The posterior arch of C1 
was bifid. With flexion, there was severe 
anterior subluxation of C1 over C2. Exten- 
sion of the neck did not reduce the sublux- 
ation completely. The os odontoideum and 
the anterior arch of C1 moved as a unit 
(Fig 3, top and bottom). Prior radiographs 
had shown the C1-2 subluxation and hypo- 
plastie odontoid process. Radiographs of 
the hands showed slight shortening of the 
first metacarpals, with additional short- 
ening of the fourth metacarpals and 
minimal hypoplasia of the middle phalanx 
of the second digit (Fig 4). The feet showed 
bilaterally shortened and hypoplastic first 
metatarsals, with medial articulation of 
the great toes. A computerized tomo- 
graphic scan showed minimal enlargement 
of the ventricles. 

A chromosomal study by Giemsa and 
Quinacrine banding techniques showed a 
46,XY 17q+ abnormality in 30/30 karyo- 
types. Region q21-q22 of chromosome 17 
appeared, in few instances, extended. In 
addition, there was also extension of the 
double band at the end of 17q, especially 
17q24 and the light band, 17q25 (Fig 5 and 
6). The analysis was done at two different 
laboratories with two different samples of 
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Fig 5.—46,XY, 17q + karyotype of patient. 
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Fig 6.—Top, Partial karyotype prepared by Giemsa (G) and reverse (R) banding 
techniques, showing 17q + chromosome on right in each of five pairs. Bottom, Partial 
karyotype prepared by Quinacrine (Q) banding technique. 
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blood at two different periods of time, with 
identical results. The origin of the extra- 
chromosomal material could not be deter- 
mined. The karyotypes of both parents 
were unremarkable by banding techniques. 
Metabolic screening did not show abnormal 
amino aciduria or mucopolysacchariduria. 

The history of respiratory arrest after a 
minor occipital blow in the presence of a 
demonstrably mobile C1-2 junction and 
narrowed spinal canal indicated the need 
for surgical stabilization. A halo jacket was 
applied and gradual reduction of the 
subluxation was accomplished. Tracheos- 
tomy was necessary. The surgical proce- 
dure involved excision of the posterior arch 
of Cl and the underlying periosteal-fascial 
band constricting the dural sac. Free pulsa- 
tion of the dura followed decompression. 
The occiput was fused to C1, C2, and C3. 
The halo jacket was continued postopera- 
tively for three months. 


COMMENT 
The patient had had several epi- 
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sodes of respiratory arrest, appar- 
ently related to atlantoaxial instabil- 
ity. Several other dysmorphic features 
were dwarfism, peculiar facies with 
antimongoloid slant, low set ears, 
simian creases, medially implanted 
thumbs and metatarsus adductus de- 
formity, postaxial hexadactyly, liga- 
mentous laxity, anomalous penoscro- 
tal configuration, delay in motor and 
mental milestones, lack of sponta- 
neous speech, and odontoid hypopla- 
sia, with atlantoaxial subluxation. 

It is difficult to relate this child’s 
phenotype to any known syndrome. 
An appealing hypothesis would be to 
relate the abnormalities to the 17q+ 
chromosomal aberration. Chromosome 
17 pathology has not yet been estab- 
lished, and further cases are needed 
before a definite relationship is 
accepted. A possible explanation for 
the rarity of chromosome 17 pathology 
is the difficulty in certain identifica- 
tion. In the familial D/E translocation 
described by Orye and van Nevel, the 
clinical findings would have suggested 
that chromosome 18 was involved in 
the translocation; however, a detailed 
cytogenetic and autoradiographic 
study showed that chromosome 17 was 
involved. Chromosome 17 aberrations 
were present in 47 out of 3,930 cases 
registered in the repository of chro- 
mosomal variants and anomalies in 
man.** Most often, the aberration was 
considered as a marker chromosome 
(36 of 47 cases). Cases of terminal 
deletion, ring chromosome, reciprocal 
translocation, direct insertion within 
a chromosome, and simple transloca- 
tion have been described. With recent 
advances in binding techniques, pre- 
cise identification of minor morpho- 
logical abnormalities such as 17q+ 
should be possible.’ McDougall et al 
have pointed out that region q21-q22 
of chromosome 17 is the site of adeno- 
virus 12CMS-17. In our ease, in a few 
instances, this chromosomal region 
appears involved. However, in almost 
all cells, there is also extension of the 
double band at the end of 17q, specifi- 
cally, 17q24 and the light band, 
17q25. 

Odontoid malformation may occa- 
sionally be detected in otherwise 
healthy individuals. Odontoid process 
aplasia is the rule in heritable disor- 
ders of connective tissue such as type 
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IV mucopolysaccharidosis and it may 
be present in a growing list of birth 
defects: 


1. Type IV mucopolysaccharidosis (Mor- 
quio's syndrome), nonkeratan sulfate- 
excreting Morquio's syndrome,’ and atypi- 
cal keratan sulfate-excreting mucopolysac- 
chariduria.* 

2. Spondylepiphyseal dysplasia congen- 
ita." 

3. Pseudoachondroplastic dysplasia.'^ 

4. Metaphyseal chondrodysplasia, Me- 
Kusick's type (formerly cartilage-hair hy- 
poplasia)." 

5. Unusual multiple epiphyseal dyspla- 
sia." 

6. Spondylometaphyseal dysplasia.* 

7. Metatropic dwarfism. 

8. Dyggve-Melchior-Clausen 
drome." 

9. Scott-Aarskog syndrome.'* 

10. Fucosidosis."* 

1l. Chondrodysplasia punctata (Con- 
radi's disease). 

In addition, ligamentous laxity at the 
atlantoaxial junction encountered in most 
of the conditions listed in the Table may 
cause difficulty. Defective ligamentous 
structure is also responsible for the cranio- 
cervical junetion dislocation encountered in 
the Winchester-Grossman syndrome'* and 
in 11 of 70 patients with Down's syn- 
drome.” Two other pathologie states 
should be mentioned. Compression of the 
spinal canal may also result from smallness 
of the foramen magnum and spinal canal 
in achondroplasia, as well as by thickening 
of the dura in Maroteaux-Lamy syndrome 
(MPS VI).'* 

This case stresses the possible neurolog- 
ieal complications of dysplasia of the odon- 
toid and related deformities.' Syncope and 
respiratory arrest that occur in conditions 
such as Morquio's syndrome may explain 
death during sleep.' Decrease in exercise 
tolerance is usually an early sign of mye- 
lopathy in skeletal dysplasias. Minor com- 
plaints such as difficulty in climbing stairs, 
walking shorter distances, and changing 
the pattern of play activities should raise 
suspicion of compromised neurological 
function secondary to atlantoaxial abnor- 
mality.*'" Long tract symptoms and senso- 
ry or bladder deficit may appear a few 
months, and sometimes years, after de- 
crease in physical tolerance. Those involved 
in management of patients with skeletal 
disorders should be aware of atlantoaxial 
deformities and their complications. 

The treatment of choice for atlantoaxial 
malfunction is posterior occipitocervical 
fusion, with postoperative immobilization 


syn- 


in a halo jacket cast. Urgent surgical treat- - 


ment in patients with neurological deficit 
secondary to atlantoaxial malformation is 


fully accepted. There is, however, some 
question as to timing for elective operation 
in cases detected on routine screening. A 
personal preference is to manage conserva- 
tively patients without any neurological 
deficit until the age of 6 to 8 years. We 
believe a study on the proper time to 
stabilize the spine in patients with birth 
defects is necessary. 


Janet Taplett, Helen Jenks, and Ludmila Trpis 
provided technical assistance. 
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Brief Communications and Clinical Notes 


: Is There a Characteristic Personality 


Profile in Amyotrophic Lateral Sclerosis? 


A Minnesota Multiphasic Personality Inventory Study 


€ A comparison of the Minnesota Multi- 
phasic Personality Inventory profiles of 21 
men and 17 women who had amyotrophic 
lateral sclerosis (ALS) with the profiles of 
50,500 general medical patients showed 
no marked deviations. The validating 
scales of the men and the women were 
similar to those of the general medical 
population. There was no evidence of 
increased defensiveness in the group with 
ALS, as measured by either the L or the K 
scale, when compared with the general 
medical population. Individual patient 
interviews also showed no characteristic 
personality profile for ALS patients. 

(Arch Neurol 35:321-322, 1978) 


* Amyotrophic lateral sclerosis (ALS) 
is a uniformly fatal disease of 
unknown cause. A distinct and recog- 
nizable personality of patients in 
whom this disorder develops has been 
described.' It has been suggested that 
this characteristic personality may be 
a lead to the cause of the disorder.’ 
Abnormalities in the psychologic 
state of patients with ALS have been 
described. Ziegler" reviewed the re- 
ports of psychic disturbances asso- 
ciated with ALS and noted that three 
« patients also had dementia. A person- 
ality evaluation reported by Veit’ 
demonstrated that patients with ALS 
uniformly maintained an unusually 
cheerful attitude. Brown and Mueller’ 
evaluated ten patients by interview 
and psychologie studies and found 
that the personalities of these pa- 
tients were characterized by a pattern 
of active mastery and habitual exclu- 
sion of affect from awareness. The 
Minnesota Multiphasic Personality 
Inventory (MMPI) showed elevated 
K and Hy scores as well as an elevated 





Hs score. The elevations were inter- 
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preted as revealing a defensiveness by 
patients with ALS and a denial of 
inadequacies by a considerable expen- 
diture of effort in emotional control. 
The authors speculated on the role of 
the neurophysiologic concomitants of 
unexpressed affect in motor neuron 
destruction. Further, the authors sug- 
gested that “denied” depression may 
have a role in the cause of ALS. 

We reviewed the MMPI profiles of 
38 patients with ALS to determine if a 
characteristic personality profile 
could be recognized. The MMPI char- 
acteristics of these 38 patients were 
compared with the MMPI characteris- 
tics of a large group of general 
medical patients who were without 
serious medical diseases. In addition, 
the psychologic states of the patients 
with ALS were evaluated by inter- 
view. 


PATIENTS AND METHODS 


The study involved 44 consecutive 
patients with ALS whose conditions were 
diagnosed in the Department of Neurology 
at the Mayo Clinie. After a diagnosis was 
made, each patient was examined addition- 
ally by one of us and was entered into the 
study if we agreed with the diagnosis. Our 
criteria for the diagnosis of ALS have been 
described previously.* 

The diagnosis and prognosis were dis- 
cussed with the patient and his relatives. 
Time was provided for questions concern- 
ing the prognosis and the disease process. 
A nurse was present during the interview 
in order to document the questions asked 
by the patient and the depth of the 
patient's understanding of the illness. The 
nurse interviewed the patient again to 
determine further (1) the patient's under- 
standing of the illness, (2) when the diag- 
nosis was made initially, and (3) the 
patient's response to the illness. The nurse 
explained the directions for completing the 
MMPI and requested that the patient 
complete the MMPI and return it. During 
the interview, an analysis of the patient's 
previous psychologic adjustment was made 
by the physician. 


Of the 44 patients seen during the study, 
38 returned the MMPI before the cutoff 
date for evaluation of the results. The six 
patients who were excluded from the study 
because they did not return the MMPI 
before our cutoff date seemed similar clin- 
ically to the 38 patients included in this 
study. The 38 subjects (21 men and 17 
women) had ages that ranged from 33 to 75 
years and averaged 54 years. The duration 
of illness at the time that the patient was 
seen was less than one year for 25 patients, 
between one and two years for 10 patients, 
and more than two years for 5 patients. 
None of the patients had a familial history 
of ALS. 

The MMPI results of the 38 patients 
were compared with the results from 
50,000 patients of a previous study.’ The 
50,000 patients served as controls and 
included 24,277 men who underwent medi- 
cal examination at the Mayo Clinic and 
whose mean profile can be identified as the 
“typical Mayo medical patient” and 25,723 
women patients examined at the same 
institution. 


RESULTS 


The MMPI profiles of the patients 
with ALS and of the controls were 
compared; each of the MMPI scales 
was submitted toa test of statistical 
significance. 

The 17 women showed no statisti- 
cally significant differences in MMPI 
profiles when compared with the 
general medical female population. 
None of the scales for the women 
deviated more than 3 T score points, 
and the patterns of the profile were 
practically identical (Fig 1). 

Although the MMPI profiles of the 
21 men with ALS were slightly more 
deviant when compared with those of 
men of the general population (Fig 2), 
only four of the scales demonstrated 
differences that were statistically sig- 
nificant. The men with ALS tended to 
be slightly more neurotic, as identi- 
fied by the somewhat greater eleva- 
tion in the hypochondriasis (Hs), 
depression (D), and hysteria (Hy) 
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Fig 1.—MMPI profiles of 25,723 female medical patients and of 17 female patients with 
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Fig 2.—MMPI profiles of 24.277 male medical patients and of 21 male patients with 


ALS. 


scales (P —.05) This group also 
seemed to show more general psy- 
chiatric disturbance in organization of 
thought processes, as measured by the 
schizophrenia (Sc) scale (P > .01). 
During our interviews with the 
patients, we estimated that, of the 38 
patients who participated in the 
study, 18 had a good understanding of 
the illness and 20 had a poor or frag- 
mentary knowledge of their illness. In 
the latter group, denial had an impor- 
tant role in five patients. One man 
insisted that his strength was return- 
ing in spite of progressive atrophy, 
and another man attempted to camou- 
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flage his symptoms from his wife. 
Because of the rarity of the disease, 
patients were unaware of the charac- 
teristics of ALS and were surprised to 
learn that no known cure or treatment 
existed. The rarity may account for 
the patients' poor understanding of 
their illness. We estimated each 
patient’s level of understanding by 
the number and quality of questions 
regarding the disease process and 
evaluated the nonverbal behavior of 
the patient during the interview. For 
example, patients with good under- 
standing asked such questions as 
“Will it progress?” “Will exercise 


help?” “Is there a cure?” “How long 
will I live?” “How will I die?” “Is it 
painful?” and “How fast does it 
move?” Their behavior was one of 


interest, active listening, and coopera- . 


tion in completing the forms. 

Five patients appeared to be de- 
pressed during their interviews. Their 
behavior was passive; they asked few 
questions and seemed despondent. 
Three of these patients had had 
episodes of severe depression before 
symptoms of ALS developed, and two 
of the five had been taking prescribed 
antidepressant drugs. 


COMMENT 


The MMPI results in our study gave 
no evidence of a specific personality 
profile in ALS. The composite person- 
ality profile seemed similar to that of 
the general patients and was unlike 
that seen in two other groups of 
patients suffering from chronic dis- 
ease. Previous studies revealed an 
abnormal personality profile in pa- 
tients with rheumatoid arthritis’ and 
terminal kidney disease.’ The differ- 
ence perhaps is related to the absence 
of pain and malaise in patients with 
ALS. In our interviews, we saw no 
clinical evidence of the characteristic 
life-style that has been reported by 
others.* 
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Case Report and Review 
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Intracerebral Venous Angioma 


Mohammad Sarwar, MD, William F. McCormick, MD 


è Only a few cases of angiographically 
demonstrated and pathologically proved 
cases of venous angiomas have been 
published. In contrast to the scarcity of 
recorded cases of angiographically stud- 
ied venous angiomas, they are the most 
common incidentally encountered angio- 
matous lesions at autopsy. Their angio- 
graphic characterization, though highly 
suggestive, is not pathognomonic. The 
angiographic characteristics include 
small radiating veins that drain into a 
larger transcerebral vein that in turn 
empties into a dural sinus; blush and early 
draining veins also may be seen. The 
differential diagnosis includes telangiec- 
tasia, infiltrating glioma, and probably a 
cavernous angioma. We report an angio- 
graphically demonstrated and pathologi- 
cally proved case of a venous angioma 
and also review the literature. 

(Arch Neurol 35:323-325, 1978) 


Do venous angioma is a 
relatively common incidental 
finding at autopsy.'? In a prospective 
autopsy study of 4,069 consecutive 


No. of 
Patients 

Sex 

Male 101 

Female 64 
Type of Angioma 

Venous 105 

Telangiectasis 28 

Arteriovenous 24 

Cavernous 16 

Varix 4 
Location 

Cerebrum (monstriate) 105 

Corpus striatum and 

thalamus 15 

Cerebrum 31 

Brain stem 24 

Spinal cord 5 
Recent Rupture Location 

Cerebrum (nonstriate) 10 

Corpus striatum 4 

Cerebrum 5 

Brain stem 1 

Spinal cord 1 
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brains, 165 brains had one or more 
angiomas. 

Of the 165 patients (age range, 
newborn to 83 years), 63% were found 
to have venous angiomas (unpublished 
data, June 1977). Thirteen patients 
had multiple angiomas, one had 
Sturge-Weber disease, two had mas- 
sive bilateral angiomas and vein of 
Galen aneurysms, and ten patients 
also had saccular aneurysms. 

Sixteen of the ruptured angiomas 
produced massive brain hemorrhages. 
Age range of these was 1 day to 65 
years. Nineteen of the ruptured 
angiomas were arteriovenous. 

The scarcity of reported cases of 
angiographically studied and patho- 
logically proved intracerebral venous 
angiomas gives an erroneous impres- 
sion of their rarity. The scarcity of 
recorded cases of venous angiomas is 
very likely related in part to misinter- 
pretation of their angiographic ap- 
pearance. Their angiographic recogni- 
tion may lessen the incidence of 
unexplained subarachnoid hemor- 
rhage in certain patients. As far as 
the authors have been able to deter- 
mine, only 14 cases of angiographi- 
cally demonstrated venous angiomas 
have been recorded** (Table). Of 
these, five were proved pathological- 
ly." The purpose of this report is to 
add another case of an angiographi- 
cally demonstrated and autopsy- 
proved case of an intracerebral venous 
angioma. This case is presented to 
stress that since intracerebral venous 
angioma is not an uncommon inci- 
dental lesion at autopsy, its rarity in 
the recorded radiologic literature may 
be because it is not commonly recog- 
nized as such. Also, correct identifica- 
tion of venous angioma at angiog- 
raphy should lessen the possibility of 
confusing it with lesions of more 
sinister prognosis, for example, an 
infiltrating glioma. 


REPORT OF A CASE 


A 38-year-old alcoholic man was treated 
at the University of Texas Medical Branch, 
Galveston, for Laennec’s cirrhosis for 
several years. He was last admitted in 
December 1975 in a state of coma. The 


patient’s activities prior to admission were 
unknown, but the mother believed that he 
had been drinking. A left carotid angio- 
gram was done. The angiogram demon- 
strated a deeply located venous angioma 
(Fig 1). The patient remained in hepatic 
coma for 36 hours before death. 

Autopsy disclosed severe alcoholic cirrho- 
sis. The lungs showed pneumonia, focal 
bronchiolar necrosis, edema, and alveolar 
hemorrhage. Incidentally found was a 
venous angioma of the left frontal lobe, 
with involvement of the left striate nuclei. 
This venous angioma was composed of 
large numbers of small- to medium-sized 
veins with more or less normal intervening 
neural parenchyma (Fig 2). No arterial 
component to the angioma was demon- 
strated. There was no evidence of recent or 
remote hemorrhage; no thrombosis of the 
vessels was encountered either. There was 
no calcification. 


COMMENT 


Intracranial vascular malforma- 
tions consist of (1) arteriovenous 
malformation, (2) telangiectasia, (3) 
cavernous angioma, (4) venous angio- 
ma, and (5) varix.’ Venous angioma is 
a relatively common incidental find- 
ing at autopsy'" (unpublished data, 
June 1977). Clinieally, venous angio- 
mas are usually asymptomatie, and 
only rarely cause seizures or present 
with symptoms and signs of subarach- 
noid and/or intracerebral hemor- 
rhage. The clinical summary of the 
previously recorded 14 cases of angio- 
graphically studied venous angiomas 
is given in the Table. 

The angiographic appearance of a 
venous angioma has been reported to 
be characteristic. It usually consists of 
a network of small medullary veins. 
These veins converge into a relatively 
large centrally located vein that then 
pursues a transcerebral course to 
reach a superficial cerebral vein and 
hence a dural sinus (usually superior 
sagittal sinus).* Occasionally, the ve- 
nous drainage can be predominantly 
or exclusively into the deep venous 
system.’ Usually, no gross abnormali- 
ty in the arterial phase is seen. Wend- 
ling et al? indicated a small abnormal 
arterial contribution to the malforma- 
tion on magnification arteriography 
in their cases 1 and 2; Wolf et al* also 
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Clinical Summary of 14 Reported Cases of Angiographically St 








Symptoms Subarachnoid Intracerebral Radionuclide 
Author Age, yr/ Sex and Signs Hemorrhage Hematoma Scan 
Wolf et al® 52/M Dysphasia, right + + Not done 
hemiparesis, and 
hemianopia; EEG 
was abnormal. 
Constans et alf 40/ M Signs of increased = -— Not mentioned 
intracranial 
pressure 
30/F Agitation; T Er Not mentioned 
EEG was abnormal 
Scotti et al" 19/M Frontal headache t > Positive 
Wendling et al® 28/M Seizures; T € Dynamic scan was 
EEG was normal positive; static 
scan, negative 
49/M Seizures; - d Negative 
EEG was normal 
24/M Seizure after 0.2-ml Not mentioned = Dynamic scan was 
intradermal test positive; static 
injection of lidocaine scan, positive 
Preissig et al^ 23/F Headaches and Not mentioned = Dynamic scan was 
decreased memory; positive; static 
EEG was abnormal. scan, negative 
Michels et al? 53/M No related symptoms Not mentioned 4$ Not mentioned 
39/M Right facial Not mentioned T Not mentioned 
hypesthesia 
54/F Drop attacks Not mentioned = Normal 
21/M Grand mal seizure Not mentioned = Not mentioned 
19/F No related symptoms Not mentioned =e Not mentioned 
27/F No related symptoms Not mentioned ^x Not mentioned 
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Fig 1.—Left carotid angiogram, anteroposterior view. In arterial phase (left), deeply located vein (arrow) opacifies early and 
drains into basal vein of Rosenthal (arrowhead). In venous phase (right), note group of small radiating veins (open arrow) 
emptying into larger, deeply located vein (arrow) that in turn drains into basal vein of Rosenthal (arrowhead). 


indicated that a hypertrophic parietal 
branch of the middle cerebral artery 
could be traced to the malformation. 
Yet, in their pathological specimens, 
no microscopic evidence of arteries 
could be demonstrated. In other 
words, whereas histologically the mal- 
formation satisfied the criteria of 
venous angioma, demonstration of an 
arterial contribution on angiography 
as a bonafide finding does not seem 
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acceptable to the authors. A poorly 
marginated homogeneous blush also 
may be seen; such a blush was seen in 
two of three cases described by Wend- 
ling et al* and in one case described by 
Preissig et al.‘ Early draining veins 
may also be encountered; such a 
phenomenon was seen in two of three 
cases described by Wendling et al.* In 
the presently described case, the 
angiographic findings were mainly 


characterized by small radiating veins 
that converged into a relatively larger 
vein that emptied into the basal vein 
of Rosenthal; there was early venous 
filling and no arterial contribution 
(Fig 1). 

Angiographic differential diagnosis 
of venous angioma includes (1) telan- 
giectasia, (2) cavernous angioma, and 
(3) infiltrative glioma or some other 
kind of neoplasm. Microscopically, 
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'erebral Venous Angiomas 
Pertinent Angiographic 
Findings 


Irregular small vessels, with early venous 
filling into the superior sagittal sinus 


2 


i 


irregular network of radiating veins draining 
into ectatic striothalamic vein 


Radiating veins starting deeply and draining 
both into deep and superficial venous 
system (superior sagittal sinus) 


Tortuous medullary veins leading into 
superficial cortical vein and superior 
sagittal sinus 


Blush, medullary veins, plus transcerebral 
vein draining into superior sagittal sinus; 
slight early venous filling 


Blush; early filling veins draining into 
superior sagittal sinus 


Small medullary veins converging into larger 
vein that drained into superior sagittal sinus 


Blush; medullary veins plus large vein 
draining into superior sagittal sinus 


Large draining vein passing through the 
cerebellopontine cistern 


Deep veins converging into larger vein that 
in turn drained into superior sagittal sinus 


Early draining veins and large vein draining 
into superior sagittal sinus 


Small veins draining into large vein 


Small veins drained into large vein that 
emptied into superficial Sylvian vein 


Features not described; only draining into 
transverse sinus indicated 


- A à . fee "T ^ 
TG eU 477». A 


Fig 2.—Macroscopic photograph of section of left striatum demonstrating numerous 





Pathological 
Location Proof 
Parietal lobe + 
Basal ganglia = 
Basal ganglia + 
Frontal lobe + 
Frontal lobe + 
Frontal lobe — 
Frontal lobe = 
Frontal lobe + 


Right cerebellum m 

Left basal ganglia = 

Left frontal lobe = 

Right temporal ae 
parietal lobe 

Left frontal lobe 7 


Right cerebellum = 








anomalous thin-walled veins (arrowhead at several veins). 


telangiectasia consists of small vascu- 
lar spaces lined by a single layer of 
endothelium and normal intervening 
neural tissue. Telangiectasis can only 


rarely be identified at angiography. 


Occasionally, however, a blush of 
-eontrast within the malformation or 
dilated venous channels may be seen.” 
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Clinically, telangiectasia rarely causes 
either intracerebral hemorrhage or 
mass effect.^" Cavernous angioma 
consists of a honeycomb of bloodfilled 
spaces separated by fibrous strands. 
Hemorrhage frequently occurs within 
a cavernous angioma. Angiographi- 
cally, other than mass effect, no other 
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abnormality may be expected.” How- - 


ever, Bogren et al" showed wide 
draining veins in four patients with 
"eavernomas." The present authors 
are not convinced of the validity of 
dilated veins as a feature of cavernous 
angioma as illustrated by Bogren et 
al. However, Jonutis et al'* did demon- 
strate a proved case of cavernous 
angioma; their case was characterized 
by blush and early draining veins. An 
infiltrative glioma can also be charac- 
terized by dilated medullary veins 
that can empty into larger veins that 
may then drain deeply or superficial- 


ly. 

From the above, it appears to the 
authors that though angiographic 
findings of venous angioma have been 
described to be characteristic by some 
authors, it is not always possible to 
angiographically distinguish between 
telangiectasia, cavernous angioma, 
venous angioma, and an infiltrating 
glioma. However, combining the clin- 
ical and radiological findings, a rea- 
sonably accurate preoperative diag- 
nosis of venous angioma is possible. 
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Central Association of Electroencephalographers, annual 
International Symposium on Peripheral Neuropathies, 


The International Society for Paediatric Neurosurgery, 


annua! meeting, Casa Grande Hotel, Guaruja, Brazil 


Fifth World Congress of Psychiatric Surgery, Boston 
Second World Congress on Pain, Queen Elizabeth Hotel, 


Second World Congress of Biological Psychiatry, Barcelona, 
Epilepsy International Symposium, Bayshore Inn, Vancouv- 
Fourth International Congress on Neuromuscular Diseases, 


The American Neurological Association, Washington, DC 
International Society of Neuropathology, VIIIth Interna- 


tional Congress, Shoreham-Americana Hotel, Washington, 


Congress of Neurological Surgeons, annual meeting, Wash- 
American Academy of Neurological Surgery, annual meet- 


Southern EEG Society, annual meeting, Atlanta 
Society for Computerized Tomography and Neuro-Imaging, 


second annual meeting, Hilton Head Inn, South Carolina 


Society for Neuroscience, annual meeting, St Louis Conven- 


News 
CALENDAR OF MEETINGS 1978 
May 20-21 
meeting, Omaha Hilton, Omaha 
June 26-28 
University of Milan, Italy 
26-28 
Aug 21-25 
27-Sept 1 
Quebec 
31-Sept 6 
Spain 
sept 10-14 
er, BC 
17-21 
Montreal 
22-24 
24-29 
DC 
24-29 
ington Hilton, Washington, DC 
Oct 22-25 
ing, Munich, Germany 
26-28 
29-Nov 2 
Nov 5-9 
tion Center 
26-30 


Australia 


Award of American Academy of Neu- 
rological Surgery.-The 21st annual 
award of the American Academy of 
Neurological Surgery was presented 
to Dr Howard W. Blume of Montreal, 
for his paper titled “Medial hypotha- 
lamie neurons and their connections: 
A neural network regulating pituitary 
function." 

The Academy announces that its 
22nd annual award will be given for 
the best presentation reporting re- 
search pertaining to the nervous 
system for which the author has had 
primary responsibility. The material 
shall not have been previously pre- 
sented or published. Doctors of medi- 
cine in training in neurological 
surgery in North America or those 
who have completed training on or 
after June 30, 1977 are eligible. The 
winner will be invited to present his 
paper at the annual meeting of the 
Academy in Munich, Germany, Oct 22- 
25, 1978. The award will include travel 
expenses, an honorarium, and a certif- 
icate. 

Three copies of the manuscript with 
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second International Child Neurology Congress, Sydney, 


illustrations and a resume of the 
candidate's training must be post- 
marked before Aug 1, 1978, and 
addressed to Phanor L. Perot, Jr, MD, 
PhD, Secretary, American Academy 
of Neurological Surgery, 171 Ashley 
Ave, Charleston, SC 29403. 


Training Program in Virology, Immu- 
nology, Pathology.—A training pro- 
gram sponsored by the National Insti- 
tutes of Health for postdoctoral 
fellows in virology, immunology, and 
pathology of nervous system diseases 
is available at the Neurology Research 
Laboratory, Veterans Administration 
Hospital, San Francisco, CA 94121. 
Interested individuals should contact 
Dr J. Richard Baringer or Dr Kenneth 
P. Johnson at (415) 752-0223. 


Symposium on Neurological Disorders 
of Childhood and Adolescence.—A sym- 
posium on "Advances in Child Neurol- 
ogy: Chronie Neurological Disorders 
of Childhood and Adolescence" will be 
presented by the Departments of 
Neurology and Pediatrics of the Uni- 





versity of California at San Francisco 
on May 31-June 2, 1978. The chairman 
is Bruce O. Berg, MD, director, Child 
Neurology. For information contact 
University of California, San Fran- 
cisco, Continuing Education Health 
Sciences, 1308 Third Ave, San Fran- 
cisco, CA 94143. 


Foundations Fund Fellowships for 
Sabbatical Research in Psychiatry and 
Its Basic Sciences.—The Foundations’ 
Fund for Research in Psychiatry 
announces a limited program of 
support for scholars on sabbatical 
leave to further their research and 
contribute to the knowledge of psy- 
chiatric diagnosis, treatment, and pre- 
vention. The sabbatical must be spent 
away from the home institution at an 
internationally recognized institution. 
Applications are open to distinguished 
and creative investigators with dem- 
onstrated research contributions in 
the field who hold full-time positions 
in professional schools and graduate 
departments of universities or equiva- 
lent institutions of research. Appli- 
cants must be US or Canadian citizens 
or permanent residents of the United 
States or Canada. The deadline for 
receipt of applications is May 1 of the 


year preceding the proposed sabbati- } 


cal. Information may be obtained 
from Foundations’ Fund for Research 
in Psychiatry, 100 York St, New 
Haven, CT 06511. 


Appointment Notice.—Dr Joseph A. 
Resch, chairman of the Department of 
Neurology, University of Minnesota, 
announces the formation of a division 
of adult neurology. Dr Arthur C. 
Klassen, professor of neurology, has 
been appointed division director at 
the University of Minnesota Hospi- 
tals, Minneapolis. 


Publication of Papers on Adrenocorti- 
cotropic Hormone.—Publication of 
ACTH and Related Peptides: Struc- 
ture, Regulation, and Action, edited 
by Dorothy T. Krieger and William F. 
Ganong, is announced by the New 
York Academy of Sciences. 

The field of adrenocorticotropic hor- 
mone regulation and action has been 
the subject of major new advances in 
the past five years. The 49 papers are 
written by an international group of 
basic scientists and clinicians who 
have made major recent contributions 
to the field. 

To order, send $58 plus $1 mailing 
and handling, to the New York 
Academy of Sciences, PO Box 5075, 
FDR Station, New York, NY 10022. 
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International Symposium on Epilep- 
sy.—An International Symposium on 
«Epilepsy will be held at the Bayshore 
Inn in Vancouver, BC, Canada, on 
Sept 10 through 14, 1978. Themes will 
include intensive monitoring and com- 
prehensive care. Write to CanWest 
Conference Services, 1315-925 W 
Georgia St, Vancouver, BC, V6C 1R5, 
Canada. 


Relocation of AANS Office.—The 
American Association of Neurological 
Surgeons (AANS) has announced the 
relocation of its National Office from 
Baltimore to 625 N Michigan Ave, 
Suite 1519, Chicago, IL 60611. Begin- 
ning Jan 3, 1978, all correspondence 
relating to AANS should be sent to 
the Chicago office. 

The AANS board of directors also 
announced the appointment of Carl H. 
Hauber, CAE, as the association's 
executive director. Mr Hauber is a 
graduate of the University of Illinois 
College of Law with nearly 20 years of 
experience in association. manage- 
ment, having served as executive 
director of both the American Dental 
Hygienists Association and the 

¿American Oil Chemist’s Society. 


Neuropathy Symposium.—An Inter- 
national Symposium on Peripheral 
Neuropathies will be held at the 
University of Milan, June 26-28, 1978. 
Contact: International Symposium on 
Peripheral Neuropathies, Oysedak S. 
Raffaele, 20090 Segrati, Milan, 
Italy. 


The Society for Computerized Tomog- 
raphy and Neuroimaging (SCTNI).—The 
Society for Computerized Tomog- 
raphy and Neuroimaging (SCTNI) 

«held its first national meeting on Nov 
- 13 through 16, 1977, at Hilton Head 
Island, SC. There were 155 regis- 


trants. The society is composed of 


clinieal neurospecialists dedicated to 
furthering excellence in clinical neu- 
roimaging using various modalities. 
The first elected officers are William 
Oldendorf, MD, president; William 
Kinkel, MD, vice-president; and Wil- 
liam Stuart, MD, secretary-treasurer. 

The Executive Committee approved 
a proposal that the chairman of the 
Educational Committee prepare a 
register of educational facilities. The 
society wishes to identify the names 
of the directors of computerized to- 
mography (CT) scanning units who 
would be willing to instruct neurology 
or neurosurgery residents and prac- 
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ticing neurospecialists in the perfor- 
mance and interpretation of CT scans. 
It is assumed that a practicing neuro- 
specialist or resident under instruc- 
tion would spend not less than one 
week and perhaps several weeks in the 
educational unit. 

Directors of CT scanning units who 
are willing to accept trainees are 
urged to write to John Gilroy, MD, 
Director of Educational Committee, 
SCTNI, Department of Neurology, 
Wayne State University, Harper Hos- 
pital, 3900 John R. Detroit, MI 48201. 

The society would also like to know 
about CT units that have developed 
libraries of floppy discs that are avail- 
able for instructional purposes to 
neurospecialists who might like to 
increase their ability in interpretation 
of CT scans. 


Eleventh Miles International Sympo- 
sium.—A symposium on "The Mech- 
anisms of Pain and Analgesic Com- 
pounds" will be held at the Turner 
Auditorium, Johns Hopkins Medical 
Institutions, Baltimore, on June 7 
through 9, 1978. This symposium will 
integrate and correlate the current 
knowledge of pain and analgesia with 
developing trends in biomedical re- 
search. Highlights of current clinical 
and laboratory studies of neurophys- 
iological models of pain, the biochem- 
ical basis of pain, endogenous sub- 
stances with analgesic action, and the 
outlook for the development of new 
analgesic compounds will be pre- 
sented. For further information con- 
tact Edward G. Bassett, PhD, Sympo- 
sium Coordinator Miles Laboratories, 
Inc, Elkhart, IN 46514. 


New Diplomates of the American 
Board of Psychiatry and Neurology.— 
The following were certified by the 
Board after its examination in Phil- 
adelphia, in October 1977. 


Neurology 


Alexander, Michael P., Brookline, 
Mass 

Anayiotos, Christos P., Long Branch, 
NJ 

Anderson, Frank H., Bethesda, Md 

Arbona, Norberto J., San Juan, Puerto 
Rico 

Barchi, Robert L., Merion, Pa 

Berger, Malcolm P., New Kensington, 
Pa 


Bhatt, Gaurang P., Philadelphia 

Bodis-Wollner, Ivan, New York 

Boyd, John A., Cambridge, Mass 

Bralower, Michael, North Andover, 
Mass 

Burger, Andrew A., New York 

Calne, Donald B., Bethesda, Md 

Cantrell, Frank L., Fresno, Calif 

Chapman, William T., APO New York 

Chavis, Pamela S., Elizabeth, NJ 

Chuang, Hsi-Sheng, St John, Canada 

Demirjian, Charles, W Norwalk, 
Conn 

Derakhshan, Iraj, Tehran, Iran 

Draskoezy, Camille B., Wakefield, 
Mass 

Ellis, Jay M., Pittsfield, Mass 

Englander, Raymond N., APO New 
York 

Faella, Michael J., Warwick, RI 

Fink, Alan J., Wilmington, Del 

Galaburda, Albert M., Andover, Mass 

Geller, Alan E., Newton, Mass 


. Genut, Abraham A., Baltimore 


Goldstein, Earl H., Pittsburgh 
Hausknecht, Allan, Rye, NY 
Kapen, Sheldon, Bronx, NY 
Kasdan, Richard B., Pittsburgh 
Lieberman, Aubrey, Westwood, Mass 
Lublin, Fred D., Havertown, Pa 
Maceabee, Paul J., Newtonville, Mass 
Mani, Srinivasan S., Hillsborough, 
NJ 
Marmell, Howard M., Houston, Tex 
McCarthy, James A., Osterville, Mass 
Mesulam, Marek-Marsel, Boston 
Mollman, Joan E., Merion, Pa 
Morgan, Thomas F., E Greenwich, 
RI 
Nazareth, Ivor J., Palm Springs, 
Calif 
Pedersen, Britta, Tenafly, NJ 
Pertchik, Alan F., Tinton Falls, NJ 
Preston, Adrienne J., Turnersville, 
NJ 
Quaglieri, Charles E., Madison, WI 
Randall, Derek G., Washington, DC 
Rangaiah, Govindappa, Scarsdale, 
NY 
Redenbaugh, James E., Danville, Pa 
Sachs, Stephen M., Blackwood, NJ 
Sadeghi, Hooshang, Bayonne, NJ 
Sadowsky, Carl H., APO New York 
Sanderson, Iain D., Lewiston, Me 
Savur, Vivek M., Williamsville, NY 
Seigel, Arthur M., Guilford, Conn 
Selkoe, Dennis J., Boston 
Sergay, Stephen M., Boston 
Shipkin, Paul M., Philadelphia 
Smallberg, Gerald J., New York 
Somma, Richard M., Carlisle, Pa 
Sorrell, Michael R., Springfield, Mass 
Sparacio, Robert R., Brooklyn, NY 
Srikumpol, Ananta, Sykesville, Md 
Streletz, Leopold J., Mt Laurel, NJ 
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Swami, R. Kumar, Lafayette Hill, Pa 

Sylvester, Michael J., Sarasota, Fla 

Taboada, Javier G., Staten Island, 
NY 

Tamm, Harry S., East Holden, Me 

Turel, Anthony P., Jr, Riverside, Pa 

Viravathana, Nibonth, Ellicott City, 
Md 

Warren, Kenneth G., King of Prussia, 
Pa 

Wasserman, Ronald E., Allentown, 
Pa 

Weinstein, Martin, New York 

Wooten, George F., Jr, St Louis 


Child Neurology 


Allen, Jeffrey C., New York 
Bachman, David S., Columbus, Ohio 
Baten, Michael, Charlottesville, Va 
Bean, S. Charles, Wilmington, Del 
Carroll, James E., St Louis 
Chalhub, Elias G., Little Rock, Ark 
D'Souza, Bernard J., Milwaukee 
Eviatar, Lydia, Scarsdale, NY 
Haller, Jerome S., Boston 
Mejlszenkier, Jaime D., Chestnut Hill, 
Mass 
Mitchell, Michael H., Philadelphia 
Mueller, Shirley M., Iowa City 
Olson, Madelyn E., Floral Park, NY 
Oppenheimer, Edgar Y., Newton, 
Mass 
Ottinger, C. Joe, Fort Wayne, Ind 
Pellock, John M., Gaithersburg, Md 
Robertson, William C., Jr, Madison, 
Wis 
Shields, William D., Los Angeles 
Sisk, Michael A., Roanoke, Va 
Sullivan, Thomas D., Oak Brook, Ill 
Tomasi, Lawrence G., Chicago 
Wilkerson, L. Douglas, Philadelphia 
Zinsmeister, Stephen,  Marshfield, 
Wis 


Notes From NINCDS 

1978 Budget Totals $177 Million.— 
The institute's 1978 budget totals $177 
million, an increase of $22 million over 
last year’s funding level. Allocations 
include the following: $117 million for 
grants, a $16 million increase from the 
1977 budget; $13.0 million for con- 
tracts, a $1 million increase from last 
year; and $7.3 million for training. 

Technically, the institute’s budget 
is based on a continuing resolution, 
which is a congressional interim 
mechanism for continuing funding at 
the prior year’s level until a new 
budget is passed. This year, the use of 
the continuing resolution resulted 
from a congressional deadlock over 
the abortion issue that blocked pas- 
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sage of the Department of Health, 
Education, and Welfare budget. How- 
ever, unlike the usual process, this 
continuing resolution will extend 
throughout the entire 1978-budget 
period at the $177 million level. 
Congressional discourse on the 1979 
budget is expected to begin in March 
1978. 

Clinicians Encouraged to Participate 
in Neuroscience Meeting.—The annual 
meeting of the Society for Neuro- 
science will be held Nov 5 through 9, 
1978, in St Louis. Program chairman is 
NINCDS scientist Jeffery L. Barker, 
MD. According to the society, only 1% 
of the 5,000 members are neurologists; 
therefore, Dr Barker stresses that 
clinical contributions to the meeting 
not only are invited but encouraged. 
In addition, the program committee 
feels that the society’s meeting offers 
an excellent opportunity for clinicians 
to be brought up to date on basic 
research directly related to clinical 
neurology. The meeting will include 14 
symposia, 12 workshops, and two 
named lectures, as well as volunteer 
papers and posters. Information re- 
garding membership and the meeting 
may be obtained from Dr Barker, 
Laboratory of Neurophysiology, 
NINCDS, NIH, Bldg 36, Room 2C-02, 
Bethesda, MD 20014, or telephone 
(301) 496-2414. 

More on Adrenocorticotropic Hor- 
mone Approved for Use in Multiple Scle- 
rosis.— The Neurologic Drugs Advisory 
Committee, chairman Dr Guy 
McKhann, Johns Hopkins University, 
Baltimore, has recommended that 
adrenocorticotropic hormone (ACTH) 
be approved for use in acute exacerba- 
tions of multiple sclerosis (MS); more- 
over, the committee found no evidence 
that the action of ACTH differs from 
that of other corticosteroids. The 
committee did not find evidence of 
ACTH efficacy in arresting or con- 
trolling MS. The committee’s recom- 
mendation was based on a presenta- 
tion by Dr Benjamin Brooks, Johns 
Hopkins University, of results from 
several studies, including a multicen- 
ter clinical study supported by the 
NINCDS. Currently, hospitalization 
for ACTH administration to treat 
acute exacerbations of MS is not reim- 
bursable by Medicare, Medicaid, or 
private third-party payers because the 
drug does not have a Food and Drug 
Administration approved indication 
label for use in MS. 

The committee’s recommendation 
has been sent for review to the FDA’s 


Oncology and Radiopharmaceutical 
Drug Products Division, headed by Dr 
John Hartar. That division will enter a+ 
statement in the Federal Register 
within the next six to nine months, 
after which there will be a period for 
response. If, during the response 
period, serious objections are raised, 
the question will go back to the Neuro- 
logie Advisory Committee for review. 
Barring serious questions, the ap- 
proved use of ACTH in acute exacer- 
bations of ACTH will be finalized in 
the Federal Register. 

Medicare, Medicaid, and third-party 
payers began denying reimbursement 
for ACTH use in MS after a March 
1977 Federal Register listing by the 
FDA of approved indications for 
drugs; this list was based on panel 
reviews, organized by the National 
Academy of Sciences and National 
Research Council, to satisfy require- 
ments of the Drug Efficacy Study 
Implementation (DESI). The DESI 
originated in the 1962 Kefauver 
amendment that required that drugs 
be efficacious as well as safe. There- 
fore, the panels reviewed drugs mar- 
keted between 1938 and 1962. Adreno- 
corticotropic hormone was judged to 
have insufficient evidence of efficacy. 1 
Three drug companies, Merrell-Na- 
tional, Organon, and Armour, market 
ACTH. 

The March 1977 Federal Register 
listing also spurred reviews by the 
Oncology and Radiopharmaceutical 
Drug Products Division of another 
corticosteroid, dexamethasone, used 
for controlling cerebral edema result- 
ing from brain tumor. In this 
instance, the companies producing the 
drug, Organon and Merck, Sharpe and 
Dome initiated the FDA review. The 
FDA will publish material on dexa- ? 
methasone in the Federal Register 
prior to final consideration of the drug 
for approved use in treating cerebral 
edema. 

The Neurologic Drugs Advisory 
Committee had planned to review the 
entire question of stimulating inter- 
est in the development of neurologic 
drugs for which only a relatively small 
market exists. However, the FDA is 
planning to activate a group to study 
this question as it relates to all 
limited-market drugs. : 

Copies of the Neurologic Drugs 
Advisory Committee hearing may be 
obtained from the FDA Hearing 
Clerk, Jeanie Peterson, Room 4-65, 
Parklawn Bldg, 5600 Fishers Ln, 
Rockville, MD 20857. 
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New from Geigy 


LIORESAL 


baclofen 


for spasticity resulting 
from multiple sclerosis, 
spinal cord injury, and 
Spinal cord diseases. 


New LIORESAL 


baclofen 


for spasticity resulting 
from multiple sclerosis, 
spinal cord injury, and 
spinal cord diseases. 
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Acts primarily at the 
spinal level. 


Lioresal is capable of inhibiting both 
monosynaptic and polysynaptic reflexes at 
the spinal level, possibly by hyperpolarizatic 
of the afferent terminals. However, the preci 
mechanism of action is not fully known. 
Actions at supraspinal sites may also occur 
and contribute to the clinical effect. 


fective and safe. 


ults of a four-week, double-blind 

ssover study in 22 patients treated with 

resal, baclofen, showed 72 percent of 

atients with spontaneous daytime spasms 
a reduction in the frequency of involuntary 

sms. Furthermore, a reduction in severity, 

jylitude, and duration of remaining spasms 

i also reported in patients treated with 

‘esal.' 


* 

ure 1. Average daily number of spasms 
ing the last week of baclofen and placebo 
itment periods in the 18 patients with 
ntaneous daytime spasms. 


acebo (last week) 


iclofen (last week) 





When compared with placebo and diazepam 
in a double-blind study, Lioresal proved to 

be effective in reducing the number of spasms 
in patients who could not be controlled by 
diazepam.? 


In one study of 14 patients with spasticity, 
"Baclofen caused less sedation than would 
have been expected from comparable doses 
of diazepam but it did nevertheless have a 
tranquilizing effect... ? 


Because of the possibility of sedation, 
patients should be cautioned regarding the 
operation of automobiles or dangerous 
machinery. 


And in one double-blind study, “No serious 
side effects developed and there were no signs 
of even transient bone marrow, liver, kidney, 
or gastrointestinal toxicity." A few cases of 
increased SGOT, elevated alkaline 
phosphatase and elevated blood sugar have 
been reported but are not clinically significant. 
Gastrointestinal and other side effects also 
have been reported but generally do not 
persist. 


Please read the Prescribing Information for 
full details regarding abrupt drug withdrawal, 
impaired renal function, stroke, and 
pregnancy. 


New LIORESAL Facilitates physical 
baclofen therapy. 


for spasticity resulting < 
from multiple sclerosis, 

spinal cord injury, and 

spinal cord diseases. 


By relieving the pain associated with 
spasticity, Lioresal may allow more active 
physical therapy and daily function. 


The advantages of improvement in resistan! 
to passive movement noted in patients treat 
with Lioresal included more comfortable 
positioning and easier transfers and 
nursing.’ 





Effect of treatment on resistance to 
passive movement! 


Stage Baclofen Placebo 
Improved 11 (55%) 1 (596) 
Worsened 0 (0%) O (096) 
Unchanged 9(45%) | 19 (9526) 
Total 20 20 
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Dosage should be 
individualized. 


Therapy should be started at low dosage and 
increased gradually. Improvement may not 
show immediately, so it is important to 
continue the drug for a reasonable period 
until the optimum effect is achieved. Avoid 
abrupt withdrawal (see Warnings). 


Dosage should be titrated. The following 
dosage titration schedule is suggested. 


5 t.i.d. 
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ae 000009 


Improvement is not always immediately 
apparent, therefore continue for a reasonable 
period until optimum effect is achieved 
(usually between 40-80 mg daily). The total 
daily dose should not exceed a maximum of 
80 mg daily (20 mg q.i.d.). 





For full information, including dosage 
schedule and administration, please read 
the prescribing information. 


1. Duncan. G.W., Shahani, B.T., and Young, R.R.: An evaluation of 
baclofen treatment for certain symptoms in patients with spinal 
cord lesions. Neurology 26(5): 441-446 (May) 1976. 


2 Jones. R.I.: Lioresal in the control of spasticity, in Spasticity — 
a topical survey, W. Birkmayer (Ed.) Berne, Hans Huber 
Publishers, 1972, p. 113. 


3. McLellan, D.L.: Effect of baclofen upon monosynaptic and 


tonic vibration reflexes in patients with spasticity. J Neurol 
Neurosurg Psychiatry 36(4):555-560 (Aug.) 1973. 
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Lioresal® 
brand of baclofen 


Muscle Relaxant, Antispastic 
Tablets of 10 mg 
Prescribing Information 


Description Lioresal, brand of baclofen, is 4-amino-3-(p-chlorophenyl) butyric acid, a white to 

off-white crystalline substance. 

It is slightly soluble in water and poorly soluble in organic solvents. Molecular weight: 213.67. 

Actions The precise mechanism of action of Lioresal, brand of baclofen, is not fully known. 

Lioresal, brand of baclofen, is capable of inhibiting both monosynaptic and polysynaptic re- 

flexes at the spinal level, possibly by hyperpolarization of afferent terminals, although actions 

at supraspinal sites may also occur and contribute to its clinical effect. Although Lioresal, 
brand of baclofen, is an analog of the putative inhibitory neurotransmitter gamma-aminobutyric 
acid (GABA), there is no conclusive evidence that actions on GABA systems are involved in 
the production of its clinical effects. In studies with animals, Lioresal, brand of baclofen, has 
been shown to have general CNS depressant properties as indicated by the production of se- 
dation with tolerance, somnolence, ataxia, and respiratory and cardiovascular depression. 

Lioresal, brand of baclofen, is rapidly and extensively absorbed and eliminated. Absorption 

may be dose-dependent, being reduced with increasing doses. Lioresal, brand of baclofen, is 

excreted primarily by the kidney in unchanged form and there is relatively large intersubject 
variation in absorption and/or elimination. 

Indications Lioresal, brand of baclofen, is useful for the alleviation of signs and symptoms of 

spasticity resulting from multiple sclerosis, particularly for the relief of flexor spasms and con- 

comitant pain, clonus, and muscular rigidity. 

Patients should have reversible spasticity so that Lioresal, brand of baclofen, treatment will aid 

in restoring residual function. 

Lioresal. brand of baclofen, may also be of some value in patients with spinal cord injuries and 

other spinal cord diseases. 

Lioresal, brand of baclofen, is not indicated in the treatment of skeletal muscle spasm resulting 

from rheumatic disorders. 

The efficacy of Lioresal, brand of baclofen, in stroke, cerebral palsy, and Parkinson's disease 

has not been established and, therefore, it is not recommended for these conditions. 

Contraindications Hypersensitivity to Lioresal, brand of baclofen. 

Warnings 

a. Abrupt Drug Withdrawal: Hallucinations have occurred on abrupt withdrawal of Lioresal, 
brand of baclofen. Therefore, except for serious adverse reactions, the dose should be re- 
duced slowly when the drug is discontinued. 

. Impaired Renal Function: Because Lioresal, brand of baclofen, is primarily excreted un- 
changed through the kidneys, it should be given with caution, and it may be necessary to 
reduce the dosage. 

_ Stroke: Lioresal, brand of baclofen, has not significantly benefited patients with stroke. 
These patients have also shown poor tolerability to the drug. 

. Pregnancy: Lioresal, brand of baclofen, has been shown to increase the incidence of om- 
phaloceles (ventral hernias) in fetuses of rats given approximately 13 times the maximum 
dose recommended for human use, at a dose which caused significant reductions in food 
intake and weight gain in dams. This abnormality was not seen in mice or rabbits. There 
was also an increased incidence of incomplete sternebral ossification in fetuses of rats 
given approximately 13 times the maximum recommended human dose, and an increased 
incidence of unossified phalangeal nuclei of forelimbs and hindlimbs in fetuses of rabbits 
given approximately 7 times the maximum recommended human dose. There are no 
studies in pregnant women. Lioresal, brand of baclofen, should be used during pregnancy 
only if the benefit clearly justifies the potential risk to the fetus. 

Precautions Safe use of Lioresal, brand of baclofen, in children under age 12 has not been 

established. and it is, therefore, not recommended for use in children. 

Because of the possibility of sedation, patients should be cautioned regarding the operation of 

automobiles or other dangerous machinery, and activities made hazardous by decreased 

alertness. Patients should also be cautioned that the central nervous system effects of 

Lioresal. brand of baclofen, may be additive to those of alcohol and other CNS depressants. 

Lioresal. brand of baclofen, should be used with caution where spasticity is utilizec to sustain 

upright posture and balance in locomotion or whenever spasticity is utilized to obtain increased 

function. 

In patients with epilepsy, the clinical state and electroencephalogram should be monitored at 

regular intervals, since deterioration in seizure control and EEG have been reported occasion- 

ally in patients taking Lioresal, brand of baclofen. 

It is not known whether this drug is excreted in human milk. As a general rule, nursing should 

not be undertaken while a patient is on a drug since many drugs are excreted in human milk. 

A dose-related increase in incidence of ovarian cysts and a less marked increase in enlarged 

and/or hemorrhagic adrenal Manes was observed in female rats treated chronically with 

Lioresal. brand of baclofen. The relevance of these findings to humans is not known. 

Adverse Reactions The most common are transient drowsiness (10-63%). In one controlled 

study of 175 patients, transient drowsiness was observed in 63% of those receiving Lioresal, 

brand of baclofen, compared to 36% of those in the placebo group. Other common adverse 
reactions are dizziness (5-15%), weakness (5-15%) and fatigue (2-4%). Others reported: 

Neuropsychiatric: Confusion (1-11%), headache (4-8%), insomnia (2-7%); and, rarely, 

euphoria, excitement, depression, hallucinations, paresthesia, muscle pain, tinnitus, slurred 

speech, coordination disorder, tremor, rigidity, dystonia, ataxia, blurred vision, nystagmus, 
strabismus, miosis, mydriasis, diplopia, dysarthria, epileptic seizure. 

Cardiovascular: Hypotension (0-9%). Rare instances of dyspnea, palpitation, chest pain, syn- 

cope. 

Gastrointestinal: Nausea (4-12%), constipation (2-6%); and, rarely, dry mouth, anorexia, taste 

disorder, abdominal pain, vomiting, diarrhea, and positive test for occult blood in stool. 

Genitourinary: Urinary frequency (2-6%); and, rarely, enuresis, urinary retention, dysuria, impo- 

tence, inability to ejaculate, nocturia, hematuria. 

Other: Instances of rash, pruritus, ankle edema, excessive perspiration, weight gain, nasal 

congestion. 

Some of the CNS and genitourinary symptoms may be related to the underlying disease rather 

than to drug therapy. 

The following laboratory tests have been found to be abnormal in a few patients receiving 

Lioresal, brand of baclofen: increased SGOT, elevated alkaline phosphatase, anc elevation of 

blood sugar. 

Overdosage Signs and Symptoms: Vomiting, muscular hypotonia, drowsiness, accommoda- 

tion disorders, coma, respiratory depression, and seizures. 

Treatment: In the alert patient, empty the stomach promptly by induced emesis followed by 

lavage. In the obtunded patient, secure the airway with a Cuffed endotracheal tube before be- 

ginning lavage (do not induce emesis). Maintain adequate respiratory exchange, do not use 
respiratory stimulants. 

Dosage and Administration The determination of optimal dosage requires individual titration. 

Start therapy at a low dosage and increase gradually until optimum effect is achieved (usually 

between 40-80 mg daily). 

The following dosage titration schedule is suggested: 

5 mg t.i.d. for 3 days 

10 mg t.i.d. for 3 days 

15 mg t.i.d. for 3 days 

20 mg t.i.d. for 3 days 

Thereafter additional increases may be necessary but the total daily dose shoulc not exceed a 

maximum of 80 mg daily (20 mg q.i.d.). 

The lowest dose compatible with an optimal response is recommended. If benefits are not evi- 

dent after a reasonable trial period, patients should be slowly withdrawn from the drug (see 

Warnings Abrupt Drug Withdrawal). 

How Supplied White, oval, single-scored tablets of 10 mg in bottles of 100. 
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e with caffeine detectable plasma levels of 
ingested ergotamine reached twice as fast 
and higher peak plasma levels achieved' 

e more complete, efficient absorption of 
ingested ergotamine'? 

e synergistic vasoconstriction?? 





e belladonna alkaloids help control the nausea 
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CAFERGOT P-B 


and vomiting common in migraine2? 
pentobarbital relieves the tension found in 
most migraine patients^ 


in migraine complicated by 
tension and GI disturbances 





TABLETS: Gynergen* (ergotamine tartrate, USP) 1 mg; caffeine, 
USP, 100 mg; Bellafoline* (levorotatory alkaloids of belladonna, 

as malates) 0.125 mg; sodium pentobarbital, USP ( Warning: May 
be habit forming) 30 mg. 


SUPPOSITORIES: Gynergen* (ergotamine tartrate, USP) 2 mg; 
caffeine, USP, 100 mg; Bellafoline* (levorotatory alkaloids of 
belladonna, as malates) 0.25 mg; pentobarbital, NF (Warning: May 
be habit forming) 60 mg; inactive ingredients: tartaric acid, NF. 
malic acid, lactose, USP, and theobroma oil, USP. 


Contraindications: Peripheral vascular disease, coronary heart disease, hyper- 
tension, impaired hepatic or renal function, sepsis, and pregnancy. Hypersensi- 
tivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop even after 
long term intermittent use of the orally or rectally administered drugs, care should 
be exercised to remain within the limits of recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle pains in 
the extremities, weakness in the legs, precordial distress and pain, transient 
tachycardia or bradycardia, nausea, vomiting, localized edema, and itching. 
Drowsiness may occur with Cafergot P-B. 


Adult Dosage: Ora//y—Two tablets at first sign of attack; if needed, 1 additional 
tablet every half hour until relieved (maximum, 6 per attack or 10 per week). 
Rectally — One suppository as early as possible in attack; second in 1 hour. if 
needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and cyanosis 
of the extremities associated with diminished or absent peripheral pulses; hyper- 
tension or hypotension; drowsiness, stupor, coma, convulsions and shock. 

A case has been reported of reversible bilateral papillitis with ring scotomata in a 
patient who received five times the recommended daily adult dose over a period 
of 14 days. Treatment consists of induction of emesis, gastric lavage, and 
catharsis; maintenance of adequate pulmonary ventilation; correction of hypo- 
tension; and control of convulsions. Treatment of peripheral vasospasm should 
consist of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
may be used with benefit but caution must be exercised to avoid aggravating an 
already existent hypotension. 

Before prescribing, see package insert 

for full product information. 
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Start with 
Depakene. 


Depakene is indicated for sole or 
adjunctive therapy in patients with 
absence seizures, and adjunctively 
in patients with multiple seizure 
types that include absence. 


With drug-naive patients, the 
chances are excellent that Depakene 
will be the only agent needed to 
control absence seizures. 


After a decade of clinical use 
throughout the world, Depakene 
has an impressive record of control- 
ling absence seizures, often in 
patients resistant to other forms of 
drug therapy. Depakene is consid- 
ered a drug of choice in many 
European countries. 


Common side effects are relatively 
mild in context with other agents. 


Add 
epakene. 


Subtract more toxic agents. 





Studies show 1⁄ to 2 of patients 
with absence seizures also expe- 
rience tonic-clonic seizures!” 

These patients often need multiple 


drug therapy. 


By using Depakene as part of the 
initial regimen, you can frequently 
reduce the need for more toxic 
agents, and extend your range of 
therapy from the start of treatment. 


Complete prescribing information 
can be found on the following page 
along with full disclosure. 
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ESCRIPTION 


DEPAKENE (valproic acid) is a carboxylic acid designated as 2-propylpentanoic acid. It 
P also known as dipropylacetic acid. DEPAKENE has the following structure: 


| CH,-CH,-CH, 
| e ad 
| mo: ECT 
| CH,-CH,-CH, 


Valproic acid (pKa 4.95) has a molecular weight of 144 and occurs as a colorless liquid 

with a ga odor. It is slightly soluble in water (1.3 mg/ml) and very soluble in 
c solvents. 

EPAKENE is supplied as soft elastic capsules and syrup for oral administration. 


CLINICAL PHARMACOLOGY 
DEPAKENE is an anticonvulsant agent which is chemically unrelated to other drugs 
ased to treat seizure disorders. It has no nitrogen or aromatic moiety characteristic of 
ether anticonvulsant drugs. The mechanism by which DEPAKENE exerts its anticon- 
rulsant effects has not been established. It has Bases suggested that its activity is related 
increased brain levels of gamma-aminobutyric acid (GABA). The effect on the 
euronal membrane is unknown. 

DEPAKENE is rapidly absorbed after oral administration. Peak serum levels of 

Iproic acid occur approximately one to four hours after a single oral dose of 

AKENE. The serum half-life (t, 4) of the parent compound is approximately eight 
to twelve hours. A slight delay in initial absorption occurs when the drug is administered 
ith meals but this does not affect the total absorption. 

A good correlation has not been established between daily dose, serum level and 
therapeutic effect. Valproic acid is rapidly distributed and the drug is strongly bound 
190%) to human plasma proteins. 
. Elimination of DEPAKENE and its metabolites occurs principally in the urine, with 
minor amounts in the feces and expired air. Very little unmetabolized parent drug is ex- 
creted in the urine. The drug is primarily metabolized in the liver and is excreted as the 

ucuronide conjugate. Other metabolites in the urine are products of beta and omega 

idation (C-3 and C-5 position). The three major oxidative metabolites are dii o 

eto-pentanoic acid, 2-propyl-5-hydroxypentanoic acid, and 2-propyl-glutaric acid. 


NDICATIONS 


EPAKENE (valproic acid) is indicated for use as sole and adjunctive therapy in the 

atment of simple and complex absence seizures, including petit mal. DEPAKENE 

y also be used adjunctively in patients with multiple seizure types which include ab- 
nce seizures. 

. In accordance with the International Classification of Seizures, simple absence is 

defined as very brief eror y Pad the sensorium or loss of consciousness (lasting usually 

-15 seconds), accompanied by certain generalized epileptic discharges without other 

tectable clinical signs. Complex absence is the term used when other signs are also 

nt. 


CONTRAINDICATIONS 
DEPAKENE (valproic acid) is contraindicated in patients with known hypersensitivity 
to the drug. 


WARNINGS 
iver dysfunction including hepatic failure resulting in fatalities has occurred in a few 
tients receiving DEPAKENE and concomitant anticonvulsant drugs. These inci- 
nces have occurred during the first six months of treatment with DEPAKENE. 
though a causal relationship has not been established, liver function tests should be 
rformed prior to therapy and every two months thereafter. Caution should be ob- 
served when administering DEPAKENE to patients with pre-existing hepatic disease. 
| U in Pri cy: EFFECTS OF AKENE IN HUMAN NANCY ARE 
UNKNOWN. ANIMAL STUDIES HAVE DEMONSTRATED TERATOGENICITY. 
. Studies in rats demonstrated placental transfer of the drug. Doses greater than 65 
g/day given to rats, mice and rabbits produced an increased incidence of skeletal 
bnormalities of the ribs, vertebrae and palate. In rats, there was a dose-related delay in 
t of parturition. Postnatal growth and survival of the progeny was unaffected. 
bryolethality or major developmental abnormalities occurred in rats and rabbits at 
of 350 mg/kg/day. Studies are being conducted to determine whether there are 
differences in the toxicity of DEPAKENE (valproic acid) in pregnant rabbits when com- 
pared to non-pregnant rabbits. 
nt reports suggest an association between the use of anticonvulsant drugs by 
omen with epilepsy and an elevated incidence of birth defects in children born to these 
omen. Data are more extensive with respect to phenytoin and phenobarbital, but these 
re also the most commonly prescribed anticonvulsants; less systematic or anecdotal re- 
Es suggest a possible similar association with the use of all known anticonvulsant 


| e reports suggesting an elevated incidence of birth defects in children of drug- 
treated epileptic women cannot be regarded as adequate to prove a definite cause and 
ffect relationship. There are intrinsic methodologic problems in obtaining adequate 
ta on drug teratogenicity in humans; the possibility also exists that other factors, e.g., 
netic factors or the "pae condition itself, may be more important than drug 
erapy in leading to birth defects. 
. The great majority of mothers on anticonvulsant medication deliver normal infants. It 
is important to note that anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures because of the strong 
ibility of precipitating status epilepticus with attendant hypoxia and threat to life. 
individual cases where the severity and frequency of the seizure disorder are such 
at the removal of medication does not pose a serious threat to the patient, discontinua- 
ion of the drug may be considered prior to and during pregnancy, although it cannot be 
id with any confidence that even minor seizures do not pose some hazard to the 
veloping embryo or fetus. 
The prescribing physician will wish to weigh these considerations in treating or coun- 
seling epileptic women of child-bearing potential. 


PRECAUTIONS 

General: Because of rare reports of platelet aggregation dysfunction, thrombocytopenia 
and elevated liver enzymes, liver function tests, platelet counts and bleeding time deter- 
mination are recommended before initiating therapy and at periodic intervals. 

. Since DEPAKENE (valproic acid) may interact with concurrently administered anti- 
convulsant drugs, periodic serum level determinations of concomitant anticonvulsant 
t are recommended during the early course of therapy. (See Drug Interactions). 

. DEPAKENE is partially eliminated in the urine as a ketone containing metabolite 
which may lead to a false interpretation of the urine ketone test. 








ABBOTT 


Information For Patients: Since DEPAKENE may produce CNS depression, especially 
when combined with another CNS depressant (e.g., alcohol), patients should be advised 
not to engage in hazardous occupations, such as driving an automobile or operating dan- 
gerous machinery, until it is known that they do not become drowsy from the drug. 

Drug Interactions: DEPAKENE may potentiate the CNS depressant activity of alcohol. 

THERE IS EVIDENCE THAT DEPAKENE MAY CAUSE AN INCREASE IN SERUM 
PHENOBARBITAL LEVELS, ALTHOUGH THE MECHANISM OF THE INTERAC- 
TION IS UNKNOWN. ALL PATIENTS RECEIVING CONCOMITANT BARBITURATE 
THERAPY SHOULD BE CLOSELY MONITORED FOR NEUROLOGICAL TOXICITY, 
SERUM BARBITURATE DRUG LEVELS OBTAINED, IF POSSIBLE, AND THE BAR- 
BITURATE DOSAGE DECREASED, IF APPROPRIATE. 

THERE IS CONFLICTING EVIDENCE REGARDING THE INTERACTION OF 
DEPAKENE WITH PHENYTOIN. IT IS NOT KNOWN IF THERE IS A CHANGE IN 
UNBOUND (FREE) PHENYTOIN SERUM CONCENTRATIONS. THE DOSAGE OF 
TUE SHOULD BE ADJUSTED AS REQUIRED BY THE CLINICAL SITUA- 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRO- 
DUCE ABSENCE STATUS. 

Caution is recommended when DEPAKENE (valproic acid) is administered with 
drugs affecting coagulation, e.g., aspirin and warfarin. (See ADVERSE REACTIONS). 

Carcinogenesis, Mutagenesis: There has been insufficient study of the drug in animals 
to determine whether it has carcinogenic potential. Carcinogenicity studies in rats and 
mice are currently in progress. 

Mutagenesis studies on DEPAKENE have been performed using bacterial and mam- 
malian Tune. These studies have provided no evidence of a mutagenic potential for 
DEPAKENE. 

Pregnancy: See WARNINGS. 

Nursi others: DEPAKENE is excreted in breast milk. It is not known what effect 
this would have on a nursing infant. As a general rule, nursing should not be undertaken 
while a patient is receiving DEPAKENE. 

Fertility: Chronic toxicity studies in juvenile and adult rats and dogs demonstrated 
reduced spermatogenesis and testicular atrophy at doses greater than 350 mg/kg/day in 
rats and greater than 90 my in dogs EFFECT OF DEPAKENE (VALPROIC 
ACID) ON THE DEVELO NT OF THE TESTES AND ON SPERM PRODUCTION 
AND FERTILITY IN HUMANS IS UNKNOWN. 


ADVERSE REACTIONS 

Since DEPAKENE (valproic acid) has usually been used with other anticonvulsant 
drugs, it is not possible, in most cases, to determine whether the following adverse reac- 
tions can be ascribed to DEPAKENE alone, or the combination of drugs. 

Gastrointestinal: The most commonly reported side effects at the initiation of therapy 
are nausea, vomiting and indigestion. These effects are usually transient and rarely re- 
quire discontinuation of therapy. Diarrhea, abdominal cramps and constipation have 
been reported. Both anorexia with some weight loss and increased appetite with weight 
gain have also been reported. 

CNS Effects: Sedative effects have been noted in patients receiving valproic acid alone 
but are found most often in patients receiving combination therapy. Sedation usually 
disappears upon reduction of other anticonvulsant medication. Ataxia, headache, 
nystagmus, diplopia, asterixis, "spots before eyes", tremor, dysarthria, dizziness, and in- 
coordination have rarely been noted. Rare cases of coma have been noted in patients 
also on phenobarbital. 

Dermatologic: Transient increases in hair loss have been observed. Skin rash and 
petechiae have rarely been noted. 

Psychiatric: Emotional upset, depression, psychosis, aggression, hyperactivity and 
behavioral deterioration have been reported. 

Musculoskeletal: Weakness has been reported. 

Hematopoietic: Valproic acid inhibits the secondary phase of platelet aggregation. 
(See Drug Interactions). This may be reflected in altered bleeding time. Relative 
pecu and mild thrombocytopenia have also been noted in isolated cases. 
Leukopenia has been reported. 

Hepatic: Increases in serum alkaline phosphatase and elevations of serum glutamic 
oxaloacetic transaminase (SGOT) have been noted. Isolated cases of severe hepa- 
totoxicity have been reported. (See WARNINGS). 


OVERDOSAGE 
A single case of overdosage with valproic acid has been reported. After ingesting 36 
grams in combination with phenobarbital and phenytoin, the patient presented in deep 
coma. An electroencephalogram recorded diffuse slowing, compatible with the state of 
consciousness. The patient made an uneventful recovery. 

Since DEPAKENE is absorbed very rapidly, gastric lavage may be of limited value. 
General supportive measures should be applied with particular attention being given to 
the maintenance of adequate urinary output. 


DOSAGE AND ADMINISTRATION 

DEPAKENE (valproic acid) is administered orally. The recommended initial dose is 15 
mg/kg/day increasing at one week intervals by 5 to 10 mg/kg/day, until seizures are con- 
trolled or side effects preclude further increases. The maximum recommended dosage is 
30 mg/kg/day. If the total daily dose exceeds 250 mg, it should be given in a divided regi- 
men. 


The following table is a guide for the initial daily dose of DEPAKENE (valproic acid) 
(15 mg/kg/day): 
Total Number of Capsules or 
Weight Daily Teaspoontuls of Syrup 
(kg) 
2 


10 — 24.9 
25 — 39.9 
40 — 59.9 
60 — 74.9 
75 — 89.9 


(Ib) Dose (mg) Dose 1 Dose 2 Dose 3 


2— 549 
55— 87.9 
88 — 131.9 

132 — 164.9 
165 — 197.9 





As the DEPAKENE dosage is titrated mS blood levels of phenobarbital and/or 
phenytoin may be affected. (See PRECAUTIONS). 

Patients who experience G.I. irritation may benefit from administration of the drug 
with food or by — building up the dose from an initial low level. 

THE CAPSULES SHOULD BE SWALLOWED WITHOUT CHEWING TO AVOID 
LOCAL IRRITATION OF THE MOUTH AND THROAT. 


HOW SUPPLIED 

DEPAKENE (valproic acid) is available as orange-colored soft gelatin capsules of 250 
mg valproic acid in bottles of 100 capsules (NDC 0074-5681-13), and as a red syrup con- 
taining the equivalent of 250 mg valproic acid per 5 ml as the sodium salt in bottles of 16 
ounces (NDC 0074-5682-16). Ar aS 


si 


Archives of Neurology VOL 35, NO. 7, JULY 1978 





Copyright © 1978 by the American Medical Association 


SPECIAL ARTICLE 


Dysmyelination Revisited 
Criatias M Poser, MABUNG: VE Uu. ai ie in ira a ota eig isa an pin eai bacU gece alg me <anhdlvan che ours ops 401 


ORIGINAL CONTRIBUTIONS 


The Bilingual Brain 
George A. Ojemann, MD, Harry A. Whitaker, PhD, Seattle ................ sss 409 


Autoreactivity Between Lymphocytes and Thymus Cells in Myasthenia Gravis 
Gerhard Opelz, MD; John Keesey, MD; M. Michael Glovsky, MD; 
Robert PG MO CO PII o Eire evel aee SE AN E nde pano ed mro sonia Coo ca O E nanque ina T 413 


Transient Emboligenic Aortoarteritis 
Himansu R, Wickremasinghe, MBBS, DPath, PhD; Jayantha B. Peiris, MD, MRCP; 
Pujitha N. Thenabadu, MD, MRCP; Abdual H. Sheriffdeen, MB, FRCS, Colombo, Sri Lanka ............ 416 


Polyneuropathy in Waldenstróm's Macroglobulinemia 
Jean Julien, MD; Claude Vital, MD; Jean-Michel Vallat, MD; Alain Lagueny, MD; 
Colette Deminiere, MD; Danielle Darriet, MD, Bordeaux, France ................ssssssse e 423 


Active Multiple Sclerosis 
E. Simon Sears, MD; Richard S. A. Tindall, MD, Dallas; 
Hiene Zarot MD Mio la, Kn. uus iu T bdlalte nee e ef Eoo cou errato rare pnnte apts Eaei ido ae emper aguas sia 426 


Acute Multiple Sclerosis With Contrast-Enhancing Plaques 
Steven Lebow, MD; David C. Anderson, MD; 
Angeline Mastri, MD; David Larson, MD, Minneapolis ...............ssssssssss e 435 


Antibody Response to Arboviruses 
Richard J. Kascsak, PhD, New York; Robert E. Shope, MD, New Haven, Conn; 
Hyman Donnenfeld, MD; Harry Bartfeld, MD, New York ............ssssssssse eeee ce eetettnueeeeeeeenenss 440 


Miconazole Therapy for Fungal Meningitis 

James P. Sung, MD, Fresno, Calif; Guy D. Campbell, MD, Jackson, Miss; 

Jam" Grendal MA; Frese, Gant 5 ius S. TOU CR SAVER ad s Peur ede pings Fri e pan apos ol ed rA E DNE Na ge SERE c Gel an gos rh os 443 
Seizures of Axial Structures 

Morton Nathanson, MD, New Hyde Park, NY; Allan Krumholz, MD, Baltimore; 

Batid Biddi.: MIEL Meu HM PRIORE C IUS sess erp ocd ea ev ee e UNIX Ds Min Saw déc cop auo naa dena 4p noa Pos dee Piae 448 
Paradoxical Response to Dopaminergic Agents in Parkinsonism 

William J. Weiner, MD; Jefferey Kramer, MD; 


Paul A. Nausieda, MD; Harold E Klawans, MD, Chicago ..............sssssssssssss ee 453 
Forced Downward Ocular Deviation 

noger P om CMS FTATIDIBOD udi E S eno bFog e epa pm cd sare ee anao esr rond ipe ad ah iretur pss 456 
Modification of Tardive Dyskinesia and Spasmodic Torticollis by Apomorphine 

Eduardo.S Tolo MD. TINS Lus EE eodaicé ena Prae euro Mn sabi anui SERRE euo eua e aae eu ap dos 459 


CHILD NEUROLOGY 
Methylphenidate in 6-Hydroxydopamine-Treated Developing Rat Pups 

Bennett A. Shaywitz, MD; Jeffrey H. Klopper; Judith W. Gordon, New Haven, Conn ........................ 463 
Subcortical Leukomalacia 

Sachio Takashima, MD; Dawna L. Armstrong, MD, FRCP(C); 


Laurence E Becker: MD. FHUPNDO, TOFODI: iiid eere on coc bi ra vanas ai a ac tn aci Ep ite DE pn 5 rao r5 dae nr mop s Ond i 470 
Subarachnoid Hemorrhage Complicating Acute Poststreptococcal Glomerulonephritis 
Martin M. DeBeukelaer, MD, Gilbert F. Young, MD, Charleston, SC... 473 


BRIEF COMMUNICATIONS AND CLINICAL NOTES 
Late Adult-Onset Metachromatic Leukodystrophy 


E. Peter Bosch, MD, Michael Noel Hart, MD, lowa City .............. sss een 475 
REGULAR DEPARTMENTS 
Leere tó the OE aaa os idus qum sce cotone VEAR ves eii qo do qd add ulia N ET ad esq Paese vos qoasi s Vost nod Ld ibi an dpa sopa 478 


Inositol in Multiple Sclerosis Viggo Holm, MD, Copenhagen . . . Retinal Spontaneous Venous Pulsations 
John C. LoZito, MD, Melbourne, Fla 


Osebdarl and Pe LEE e Lie vans cocaine tip Uses zeieUdsles oe) te él V A E E aL Ae RÉP sudden 6o 3nà qu S viua hao anb ER ERA ve 479 
TET KM MD iL oo etse. Gon dorsaltbsd dina ES S PAE T ava iQ ocUuiU S ET A nosop siis Ue pic dulégia AT 16 
index io CRU OT UGE Li L epéqu dre dao o6o EP T Fes evel S LEE PARE ni tonite P gé diuo ap eo doo eomo E 00$ PORE nD egseeutenyacestouted 5 


Archives of Neurology 


Chief Editor 
Maurice W. Van Allen, MD 
Department of Neurology 

University Hospital 
University of lowa 
College of Medicine 


Arthur L. Benton, PhD 
lowa City 


Patrick F. Bray, MD 
Salt Lake City 


Thomas N. Chase, MD 


EDITORIAL BOARD 


Simon Horenstein, MD 
St Louis 


Kenneth P. Johnson, MD 
San Francisco 


lowa City, IA 52242 Bethesda John Mullan, MD 
Chicago 
W. King Engel, MD 
Assistant Editor Bethesda Edward P. Richardson, Jr, MD 
Antonio Damasio, MD Gerald M. Fenichel, MD Boston 
| lowa City Nashville 


Norman Geschwind, MD 


Bennett M. Stein, MD 


Boston 
Associate Editors Boston 
Robert J. Joynt, MD Edward Ralph Heinz, MD Joseph Van Der Meulen, MD 
Rochester, NY Pittsburgh Los Angeles 


| Melvin D. Yahr, MD 
| New York 


James H. Sammons, MD 
Executive Vice-President 


William R. Barclay, MD 
Group Vice-President, 
Scientific Publications 


Thomas F. Hannon 
Group Vice-President, 
Publishing Operations 


Norman D. Richey 
Director, Publication 
Production Division 


John T. Baker 
Director, Marketing Division 


Helen R. Mazur 
Director, Circulation-Fulfillment 


Copy Editing: Paula Glitman (Supervisor), Alina 
Romanowski 


Proofreading: Lorraine L. Kruse (Supervisor), Verna 
Coffman, Patricia Coyne, Elizabeth Petrikenas, Mary 
Kay Tinerella, Dorothy Troy, Patricia Zawadski 


| Production Supervisors: Julia Bero (Layout), Thom- 
as J. Handrigan (lliustrations), Marlene M. Hinsch 
(Editorial), James P. Bagniewski (Advertising) 


ST E———————————————————————————— 


William F. Hoyt, MD 
San Francisco 


Robert Corcoran 
Eastern Sales Manager 


Thomas J. Carroll 
West Coast/Northern 
Sales Representative 


Raymond Christian 
Advertising Services Manager 


Jack P. Whisnant, MD 
Rochester, Minn 


PUBLICATION STAFF 
535 N Dearborn St, Chicago, IL 60610 


Fred Bauman 
Richard M. Johnson 
Eastern Sales Representatives 


Robert W. Mayo 
Executive Editor and Director, 
Scientific Publications Division 


James Anton 
Alice Harvey 
William J. Healy 
Midwest Sales Representatives 


Sandra Williamson 
Administrative Assistant 


Marlene M. Hinsch 
Production Manager 


Diana A. Morgan 
Editorial Processing Manager 


Art and Senior Production Assistants: Betty Frigerio, 
Floriana Hayes, Nancy Keyes, Shirley Latronica, Donna 
Pender, Susan M. Routhier, JoAnne Weiskopf 


Production Assistants: Karen Branham, E. Linda 
Eisenberg, Anna Goins, Lucille Kuznicki 


Manuscript Records: Denise Henderson 


Indexing: Phyllis H. O'Donnell (Supervisor), Jane P. 
Mauldin, Helen F. Topel 


Advertising and Subscription Information 


ADVERTISING OFFICES: 535 N Dearborn St, Chicago, IL 60610, Area 
Code 312, 751-6000; and 600 Third Ave, New York, NY 10016, Area Code 
212, 867-6640. 


ADVERTISING PRINCIPLES: Each advertisement in this issue has been 
'eviewed and complies with the principles governing advertising in AMA 
Scientific publications. A copy of these principles is available on request. 


SUBSCRIPTION RATES: The yearly rate of the ARCHIVES OF NEUROL- 
OGY is as follows: United States and US Possessions, one year, $18; two 


4 Arch Neurol—Vol 35, July 1978 


years, $28; all other countries, one year, $28; two years, $38. Special yearly 
price to residents, interns and medical students in the United States and 
US Possessions, $9. 


CHANGE OF ADDRESS: Please notify the publisher at least six weeks in 
advance including both old and new address, and a mailing label taken 
from the most recent copy. Include your new zip code number. The 
ARCHIVES OF NEUROLOGY is published monthly by the American 
Medical Association, 535 N Dearborn St, Chicago, IL 60610, and is an 
official publication of the Association. Second-class postage paid at 
Chicago and at additional mailing office. 


Please address correspondence concerning accepted or published 
communications to: AMA Specialty Journals, 535 N Dearborn St, Chicago, 
IL 60610. 





f" 


TWO POSTGRADUATE 
FELLOWSHIPS AVAILABLE 


Two fellowships are available in the Center for Physio- 
logic Neurosurgery from July 1, 1978. Experience in the 
medical and surgical management of chronic neurologic 
disorders such as dyskinesias, dystonia, cerebral palsy, 
epilepsy, multiple sclerosis, intractable pain, and spastic 
motor disorders will be offered. Practical experience in 
sophisticated neurophysiologic laboratory procedures for 
the assessment and quantification of the disorders and 
their responses to surgical therapy can be gained. 


The Center is newly opened on a teaching campus in 
Westchester County, New York. It is well-equipped and in 
pleasant surroundings. Candidates should have at least two 
years experience of residency in Neurosurgery or Neurology. 
Salary is commensurate with experience and training to a 
maximum of $22,000 per annum. Single accommodations 
will be available on site and married accommodations are 
available locally. 


Applications should be sent to: 


I.S. Cooper, M.D. 

Professor and Director 

Center for Physiologic Neurosurgery 
Westchester County Medical Center 
Valhalla, New York 10595 


Valhalla, New York 10595@ (914) 347-7195 


INDEX TO ADVERTISERS 


Abbott Laboratories 
Ayerst Laboratories 


Endo Laboratories, Inc. 


Merck Sharp & Dohme, Division of 
Merck & Company 
Methodist Hospital 


Organon Pharmaceuticals 


Roche Laboratories, Division of 
Hoffmann-LaRoche, Inc. 


Sandoz Pharmaceuticals 4th Cover 
bua E in in N a E ACE 9 
W 

Westchester County Medical Center 


While every precaution is taken to insure accuracy, we cannot guarantee 
against the possibility of an occasional change or omission in the preparation 
of this index. 











AUDITORY EVOKED POTENTIALS 


A workshop in the practical 
clinical applications of 
Electrocochleography 

and Brainstem Audiometry 





Sponsored by The Methodist Hospital and the Institute of 


Otorhinolaryngology and Communicative Disorders, The 
Neurosensory Center of Houston. 
November 4, 5, 6, 1978 

This three-day course is designed to familiarize the 
physician and audiologist with clinical applications of the 
"early" auditory evoked potentials. Background information 
on the "middle" and "late" potentials and on cochlear 
potentials is also included. The course relies heavily on 
tutorials and workshops to familiarize the participant with 
instrument operation, response measurement and interpre- 
tation of test results. 

A course syllabus will be distributed to each participant 
prior to enrollment. Each participant may also avail himself 
of an optional self-evaluation examination which will be 
scored and critiqued by the instructors. 


Course Instructors: Alfred C. Coats, M.D. 
James F. Jerger, Ph.D. 
and Staff 


Tuition: $325.00 Enrollment limited 


Address inquiries to Alfred C. Coats, M.D., Cochlear Function 
Laboratory, The Neurosensory Center of Houston, 6516 Bertner 
Avenue, Houston, Texas 77030 
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Symmetrel 


amantadine HCI 


e when you use both agents concomitantly 
as initial therapy, SYMMETREE usually 
goes to work within 48 hours, allowing 


Ba dding SYMMETRE! to anti- you to reduce severity of symptoms 


cholinergics, you can provide: while you titrate levodopa for optimal 
benefits 


e a reduction in parkinsonian symptoms 


over the use of an anticholinergic agent * when you add SYMMETREL to optimal 


well-tolerated doses of levodopa or 


alone A Eu | carbidopa/levodopa, you add incremental 
e a reduction in anticholinergic dosage patient benefits—reduction of severity 
when the patient is not tolerating anti- of tremor, rigidity, bradykinesia and 
cholinergic medication | improvement in functioning. This helps 
If atropine-like side effects occur when to increase the ability of the parkinsonian 
you use SYMMETREL concomitantly patient to carry out normal daily functions 
with anticholinergics, dosage should be better, to help maintain the quality of life 
reduced for one of the two agents. at the best possible level 


e when side effects necessitate your 
reducing levodopa or carbidopa/levodopa 
dosage, you may regain lost benefits 
by the addition of SYMMETREE 


You can add SYMMETREE to levodopa In short, SYMMETREÉ is an effective 





or carbidopa/levodopa for increased “add-on” antiparkinson agent for optimal 
antiparkinson therapeutic benefits— control in Parkinson's disease. 


Administration of SYMMETREL Capsules 











NOTE: The initia! dose is 100 mg daily for patients 1)with serious 
associated medical illnesses or 2) whoare receiving high doses of other 
antiparkinson drugs. 


SYMMETREL” isa U.S. registered trademark of 
E.l. du Pont de Nemours & Co. (Inc.); U.S. Pat. 3,310,469 


Endo Laboratories. Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) Ta r l 
Garden City, New York 11530 Please see next page for complete prescribing information. 
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DESCRIPTION SYMMETREL® is designated generically 


as amantadine hydrochloride and chemically 
as 1-adamantanamine hydrochloride. 


«HCI 


Amantadine hydrochloride is a stable, white crystalline substance readily soluble in water. It is readily 
absorbed, is not metabolized, and is excreted unchanged in the urine. 


ACTIONS: The mechanism of action of SYMMETREL® in the treatment of Parkinson's disease and 
drug-induced extrapyramidal reactions is not known. It has been shown to cause an increase in 
dopamine release in the animal brain. The drug does not possess anticholinergic activity in animal 
tests at doses similar to those used clinically. 


The antiviral activity of SYMMETREL* against the influenza A virus in humans is not completely 
understood. The mode of action of SYMMETREL® appears to be the prevention of the release of 
infectious viral nucleic acid into the host cell. SYMMETREL* does not appear to interfere with the 
immunogenicity of inactivated influenza A virus vaccine. 


INDICATIONS: Parkinson's Disease/Syndrome and Drug-Induced Extrapyramidal Reactions: 
SYMMETREL* is indicated in the treatment of idiopathic Parkinson's disease (Paralysis Agitans), 
postencephalitic parkinsonism, drug-induced extrapyramidal reactions, and symptomatic 
parkinsonism which may follow injury to the nervous system by carbon monoxide intoxication. It is 
indicated in those elderly patients believed to aevelop parkinsonism in association with cerebral 
arteriosclerosis. In the treatment of Parkinson's disease, SYMMETREL* is less effective than 
levadopa, (-)-3-(3,4-dihydroxyphenyl)-L-alanine, and its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established. Although anticholinergic type side 
effects have been noted with SYMMETREL® when used in patients with drug-induced extrapyramidal 
reactions, there is a lower incidence of these side effects than that observed with anticholinergic 
antiparkinson drugs. 


Influenza A Virus Respiratory Tract Illness: SYMMETREL* (amantadine hydrochloride) is indicated in 
the prevention (prophylaxis) and symptomatic management of respiratory tract illness caused by 
influenza A virus strains. SYMMETREL® should be considered especially for high risk patients, close 
household or hospital ward contacts of index cases and patients with severe influenza A virus illness. 
In the prophylaxis of influenza due to A virus strains, early immunization as periodically recommended 
by the Public Health Service Advisory Committee on Immunization Practices is the method of choice. 
When early immunization is not feasible, or when the vaccine is contraindicated or not available, 
SYMMETREL® can be used for chemoprophylaxis against influenza A virus illness. Because 
SYMMETREL® does not appear to suppress antibody response, it can be used chemoprophylactically 
in conjunction with inactivated influenza A virus vaccine until protective antibody responses develop. 
There is no clinical evidence that this drug has efficacy in the prophylaxis or symptomatic 
management of viral respiratory tract illnesses other than those caused by influenza A virus strains. 
CONTRAINDICATIONS: SYMMETREL® is contraindicated in patients with known hypersensitivity to 
the drug. 

WARNINGS: Patients with a history of epilepsy or other "seizures'' should be observed closely for 
possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be followed closely as 
there are patients who developed congestive heart failure while receiving SYMMETREL®. 


Patients with Parkinson's disease improving on SYMMETREL® should resume normal activities 
gradually and cautiously, consistent with other medical considerations, such as the presence of 
osteoporosis or phlebothrombosis. 


Patients receiving SYMMETREL® who note central nervous system effects or blurring of vision should 
be cautioned against driving or working in situations where alertness is important. 


USE IN PREGNANCY: SYMMETREL® has not been studied in pregnant women. The use of this drug in 
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mmetrel 


women of childbearing age should be undertaken only after weighing the possible risks to the fetus 
against benefit to the patient. SYMMETREL® has been reported to be embryotoxic and teratogenic in 
rats at 50 mg/kg/day, about 12 times the recommended human dose, but not at 37 mg/kg/day. 
Embryotoxic and teratogenic effects were not seen in rabbits which received up to 25 times the usual 
recommended adult human dose. 


NURSING MOTHERS: Since the drug is secreted in the milk, SYMMETREL® should not be 
administered to nursing mothers. 


PRECAUTIONS: SYMMETREL* (amantadine hydrochloride) should not be discontinued abruptly since 
a few patients with Parkinson's disease experienced a parkinsonian crisis, i.e., a sudden marked 
clinical deterioration, when this medication was suddenly stopped. The dose of anticholinergic drugs 
or of SYMMETREL* should be reduced if atropine-like effects appear when these drugs are used 
concurrently. 


The dose of SYMMETREL* may need careful adjustment in patients with renal impairment, congestive 
heart failure, peripheral edema, or orthostatic hypotension. Since SYMMETREL® is not metabolized 
and is mainly excreted in the urine, it may accumulate when renal function is inadequate. 


Care should be exercised when administering SYMMETREL® to patients with liver disease, a history of 
recurrent eczematoid rash, or to patients with psychosis or severe psychoneurosis not controlled by 
chemotherapeutic agents. Careful observation is required when SYMMETREL® is administered 
concurrently with central nervous system stimulants. 


ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: depression, 
congestive heart failure, orthostatic hypotensive episodes, psychosis, and urinary retention. Rarely 
convulsions, leukopenia, and neutropenia have been reported. 


Other adverse reactions of a less serious nature which have been observed are the following: 
hallucinations, confusion, anxiety, and irritability; anorexia, nausea. and constipation; ataxia and 
dizziness (lightheadedness); livedo reticularis and peripheral edema. Adverse reactions observed less 
frequently are the following: vomiting; dry mouth; headache; dyspnea; fatigue, insomnia, and a sense 
of weakness. Infrequently, skin rash, slurred speech, and visual disturbances have been observed. 
Rarely eczematoid dermatitis and oculogyric episodes have been reported. 


OVERDOSAGE: There is no specific antidote. For acute overdosing, general supportive measures 
should be employed along with immediate gastric lavage or induction of emesis. Fluids should be 
forced, and if necessary, given intravenously. The pH of the urine has been reported to influence the 
excretion rate of SYMMETREL® Since the excretion rate of SYMMETREL® increases rapidly when the 
urine is acidic, the administration of urine acidifying fluids may increase the elimination of the drug 
from the body. The blood pressure, pulse, respiration and temperature should be monitored. The 
patient should be observed for hyperactivity and convulsions; if required, sedation, and 
anticonvulsant therapy should be administered. The patient should be observed for the possible 
development of arrhythmias and hypotension; if required, appropriate antiarrhythmic and 
antihypotensive therapy should be given. The biood electrolytes, urine pH and urinary output should 
be monitored. If there is no record of recent voiding, catheterization should be done. The possibility of 
multiple drug ingestion by the patient should be considered. 


DOSAGE AND ADMINISTRATION: Dosage for Parkinsonism: The usual dose of SYMMETREL* 
(amantadine hydrochloride) is 100 mg twice a day when used alone. SYMMETREL® has an onset of 
action usually within 48 hours. 


The initial dose of SYMMETREL* is 100 mg daily for patients with serious associated medical illnesses 
or who are receiving high doses of other antiparkinson drugs. After one to several weeks at 100 mg 
once daily, the dose may be increased to 100 mg twice daily, if necessary. 


Occasionally, patients whose responses are not optimal with SYMMETREL® at 200 mg daily may 
benefit from an increase up to 400 mg daily in divided doses. However, such patients should be 
supervised closely by their physicians. 


Patients initially deriving benefit from SYMMETREL® not uncommonly experience a fall-off of 
effectiveness after a few months. Benefit may be regained by increasing the dose to 300 mg daily. 
Alternatively, temporary discontinuation of SYMMETREL® for several weeks, followed by reinitiation 
of the drug, may result in regaining benefit in some patients. A decision to use other antiparkinson 
drugs may be necessary. 


Concomitant Therapy: Some patients who do not respond to anticholinergic antiparkinson drugs may 
respond to SYMMETREL®. When SYMMETREL® or anticholinergic antiparkinson drugs are each used 
with marginal benefit, concomitant use may produce additional benefit. 


When SYMMETREL® and levodopa are initiated concurrently, the patient can exhibit rapid therapeutic 
benefits. SYMMETREL® should be held constant at 100 mg daily or twice daily while the daily dose of 
levodopa is gradually increased to optimal benefit. 


When SYMMETREL® is added to optimal well-tolerated doses of levodopa, additional benefit may 
result, including smoothing out the fluctuations in improvement which sometimes occur in patients 
on levodopa alone. Patients who require a reduction in their usual dose of levodopa because of 
development of side effects may possibly regain lost benefit with the addition of SYMMETREL® 


Dosage for Drug-induced Extrapyramidal Reactions: The usual dose of SYMMETREL® (amantadine 
hydrochloride) is 100 mg twice a day. Occasionally, patients whose responses are not optimal with 
SYMMETREL® at 200 mg daily may benefit from an increase up to 300 mg daily in divided doses. 


Dosage for Prophylaxis and Symptomatic Management of Influenza A Virus Respiratory Tract 
lliness: Adult: The adult daily dosage of SYMMETREL® (amantadine hydrochloride) is 200 mg: two 
100 mg capsules (or four teaspoonfuls of syrup) as a single daily dose, or the daily dosage may be 
split into one capsule of 100 mg (or two teaspoonfuls of syrup) twice a day. If central nervous system 
effects develop on once-a-day dosage, a split dosage schedule may reduce such complaints. 


Children: 1 yr.-9 yrs. of age: The total daily dose should be calculated on the basis of 2 mg to 4 mg 
per pound of body weight per day (but not to exceed 150 mg per day). The daily dose, given as the 
syrup, should be given in two or three equal portions. 


9 yrs.-12 yrs. of age: The total daily dose is 200 mg given as one capsule of 100 mg (or two 
teaspoonfuls of syrup) twice a day. 


Prophylactic dosing should be started in anticipation of contact or as soon as possible after contact 
with individuals with influenza A virus respiratory illness. SYMMETREL® should be continued daily for 
at least 10 days following a known exposure. If SYMMETREL® is used chemoprophylactically in 
conjunction with inactivated influenza A virus vaccine until protective antibody responses develop, 
then it should be administered for 2 to 3 weeks after the vaccine has been given. When inactivated 
influenza A virus vaccine is unavailable or contraindicated, SYMMETREL® should be administered for 
up to 90 days in case of possible repeated and unknown exposures. Symptomatic management of 
influenza A virus illness should be started as soon as possible after onset of symptoms and should be 
continued for 24 to 48 hours after the disappearance of symptoms. 


HOW SUPPLIED: SYMMETREL® (amantadine hydrochloride) 


CAPSULES: (bottles of 100)-each red, soft gelatin capsule contains 100 mg amantadine 
hydrochloride. 


SYRUP: (1 pint)-each 5 ml (1 teaspoonful) of syrup contains 50 mg amantadine hydrochloride. 


Capsules manufactured by R.P. Scherer Corporation, Detroit, Michigan 48213 for 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) ————7 
Garden City, N.Y. 11530 
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1215 Fourth St., Berkeley, CA 94710 415/526-5330 
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P. O. Box 5500, 161 Bridge St. W., Belleville, Ontario K8N 5C6 


Visual Field Plotter 


4 


Wy 





; * «pe. ) M LI d 
= MTM z - rg te Se " J 
M NS "dw nO EDD Jes 
= EM NM Z Mr n ^D E 
" ; d :| "1 ; 


= 





Now your patient can examine his own visual fields, 
producing automatic records that are genuinely 
reliable and valid. The Fieldmaster® 101 is 
scientifically accurate. 


Model 101 offers continuous, precise luminance 
measurement of background and stimulus. All tests 
are truly comparable from time to time and from 
patient to patient. Ultra-silent shutter operation 
ensures reaction only to light stimuli, and patient 
controlled “speed-up” shortens test time. Your 
assistant can oversee the brief procedure. 


Simple, rapid control of duration, color, intensity, 
and interval minimize set up time. To retest a 
particular stimulus element, flip the address 
switch, and make the check in seconds. Model 
101 R rechecks each missed stimulus for you 
automatically. 


Model 101 PR offers programmability, as well as 
auto recheck. Select normal test function, or any 
of four other programs, to make a quick check 
of a specific region or function. 


Please send me your Fieldmaster® Catalog. aon 
|.) Please have your representative contact me. 
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Adds better dosage control 


Long term treatment of depression with amitriptyline requires 

careful dosage titration to meet the individual needs of each 
patient. Because all six strengths of Endep (amitriptyline HCl) are 
scored, you can easily change the dose by half-tablet steps, without 
waiting for the patient to fill a new prescription. 
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mitriptyline... 


Subtracts some of the drawbacks of 


antidepressant therapy 


Scored Endep (amitriptyline HCl) tablets may eliminate the need 
for a new prescription each time the dosage needs to be changed, 


saving time for you and money for your patient. And, by keeping the 
patient on the same strength tablet, there's less chance he'll become 
*confused, as he might if changed to another size or color of 


amitriptyline. 


Multiplies therapeutic options 
The pharmacokinetic properties of Endep (amitriptyline HCl) 
are such that its clinical effect is the same whether prescribed 
t.i.d. or as a single daily dose. Thus, once you have established the 
proper dosage, you can prescribe the entire dose h.s., minimizing 
anticholinergic and sedative side effects and helping to assure patient 


compliance with this simple regimen. 


By prescribing the higher strength tablets h.s.—secure in the 


"knowledge that the dosage can be adjusted in half-tablet steps without 


resorting to a new prescription — your patient will economize further 


on a per milligram basis. 
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omputerized transaxial tomography (CT scan) is an important new noninvasive technique 


hat can help in determining the etiology of epileptic seizures. Shown here is a single slice 


rom a color-enkanced CT scan of the brain of a patient with epilepsy. The absence of vasc 
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A proven way 
to start seizure control 


MYSOLIN E 


primidone Tablets 50 mg, 250 mg 


A single entity with multiple 
anticonvulsant properties 


Primidone itself has anticonvulsant activity. In addition, its major metabolite, 
phenylethylmalonamide (PEMA), exerts an anticonvulsant effect of its own 
and also enhances the anticonvulsant action of the second metabolite, pheno- 
barbital. In patients refractory to phenytoin and phenobarbital, primidone 
may prove effective as the sole therapy.’ 








Multiple indications—grand mal, 
psychomotor, and focal epileptic seizures 


In grand mal, MYSOLINE is comparable in efficacy to phenytoin and 
phenobarbital.” 3 In psychomotor seizures, phenobarbital is rarely effective.’ 
In focal seizures, phenytoin used alone is not indicated"— and, according to 
Forster?.MYSOLINE is markedly more effective than phenobarbital, which 
should dispel the misconception that MYSOLINE is “just a phenobarbital.” 
(See chart below.) 











Agent Grand Mal Psychomotor Focal 
Efficacy ratings* Mysoline ++++ ++++4 ++++ 
of anticonvulsants i 
: : ydantoinates 
in epilepsy ahienutoin) LL +++ TEAN 
Barbiturates 
(phenobarbital) UUT TER tT 


* Relative effectiveness. +++ + being most effective. 
Adapted from Forster, F. M. 


Consider it first for major motor epilepsies 


MY S OLINE (primidone) 


See next page for Brief Summary and references. 
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Start seizure control with 
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MYSOLI N ES initiidbins) 


Initial dose in children over 8 years of age 
and adults: 250 mg daily at bedtime 


BRIEF SUMMARY 


(For full prescribing information. see package circular.) 
MYSOLINE® 

Brand of PRIMIDONE Anticonvulsant 

ACTIONS: MYSOLINE raises electro- or chemo- 
shock seizure thresholds or alters seizure patterns in 
experimental animals. The mechanism(s) of 
primidone's antiepileptic action is not known. 


Primidone per se has anticonvulsant activity as do its 


two metabolites. phenobarbital and phenylethylmal- 


onamide (PEMA). In addition to its anticonvulsant 
activity, PEMA potentiates that of phenobarbital in 
experimental animals 


INDICATIONS: MYSOLINE. either alone or used 
concomitantly with other anticonvulsants, is indicated 
in the control of grand mal. psychomotor, and focal 
epileptic seizures. It may control grand mal seizures 
refractory to other anticonvulsant therapy. 


CONTRAINDICATIONS: Primidone is contraindi- 
cated in: 1) patients with porphyria and 2) patients who 
are hypersensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes 
several weeks before it can be assessed. 


Usage in pregnancy: The effects of MYSOLINE in 
human pregnancy and nursing infants are unknown. 


Recent reports suggest an association between the use 
of anticonvulsant drugs by women with epilepsy and 
an elevated incidence of birth defects in children born 
to these women. Data are more extensive with respect 
to diphenylhydantoin and phenobarbital. but these are 
also the most commonly prescribed anticonvulsants; 
less systematic or anecdotal reports suggest a possible 
similar association with the use of all known anticon- 
vulsant drugs. 


The reports suggesting ar elevated incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodologic problems in obtaining adequate data on 
drug teratogenicity in humans: the possibility also 
exists that other factors, e.g.. genetic factors or the 
epileptic condition itself. may be more important than 
drug therapy in leading to birth defects. The great 
majority of mothers on anticonvulsant medication de- 
liver normal infants. It is important to note that anticon- 
vulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major sei- 
zures because of the strorg possibility of precipitating 
status epilepticus with attendant hypoxia and threat to 
life. In individual cases where the severity and fre- 
quency of the seizure disorder are such that the re- 
moval of medication does not pose a serious threat to 
the patient. discontinuation of the drug may be consid- 
ered prior to and during pregnancy. although it cannot 
be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or 
fetus. 


The prescribing physician will wish to weigh these con- 
siderations in treating or counseling epileptic women of 
childbearing potential. 


Neonatal hemorrhage. with a coagulation defect re- 
sembling vitamin K deficiency. has been described in 
newborns whose mothers were taking primidone and 
other anticonvulsants. Pregnant women under anti- 
convulsant therapy should receive prophylactic vita- 
min K, therapy for one month prior to, and during. 
delivery. 

PRECAUTIONS: The total daily dosage should not 
exceed 2 g. Since MYSOLINE therapy generally ex- 
tends over prolonged periods, a complete blood count 
and a sequential multiple analysis-12 (SMA-12) test 
should be made every six months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone. the drug appears in the milk in 


substantial quantities. Since tests for the presence of 
primidone in biological fluids are too complex to be 
carried out in the average clinical laboratory. it is 
suggested that the presence of undue somnolence and 
drowsiness in nursing newborns of MYSOLINE- 
treated mothers be taken as an indication that nursing 
should be discontinued. 


ADVERSE REACTIONS: The most frequently oc- 
curring early side effects are ataxia and vertigo. These 
tend to disappear with continued therapy. or with re- 
duction of initial dosage. Occasionally. the following 
have been reported: nausea, anorexia. vomiting. 
fatigue. hyperirritability; emotional disturbances. sex- 
ual impotency. diplopia, nystagmus. drowsiness, and 
morbilliform skin eruptions. Occasionally. persistent or 
severe side effects may necessitate withdrawal of the 
drug. Megaloblastic anemia may occur as a rare 
idiosyncrasy to MYSOLINE and to other anticonvul- 
sants. The anemia responds to folic acid without neces- 
sity of discontinuing medication. 

DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 g per day. The initial dose is 
250 mg. Increments of 250 mg are added. usually at 
weekly intervals, to tolerance. or therapeutic effective- 
ness, up to daily doses not exceeding 2.0 g. A typical 
dosage schedule for the introduction of MYSOLÍNE is 
as follows: 

Adults and Children Over 8 Years of Age 


Ist Week 2nd Week 

250 mg daily at bedtime 250 mg b.i.d. 
3rd Week 4th Week 

250 mg t.i.d. 250 mg q.i.d. 









In children under 8 years of age. maintenance levels 


are established by a similar schedule. but at one-half 
the adult dosage. It is best to begin with 125 mg. with 
gradual weekly increases of 125 mg a day. to a daily 
total usually between 500 mg and 750 mg. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage 
of the other drug(s) is maintained or gradually de- 
creased. This regimen should be continued until satis- 
factory dosage levelis achieved for combination. or the 
other medication is completely withdrawn. When 
therapy with this product alone is the objective, the 
transition should not be completed in less than two 
weeks. 


MYSOLINE 50 mg Tablet can be used to practical 
advantage when small fractional adjustments (upward 
or downward) may be required. as in the following 
circumstances: for initiation of combination therapy: 
during "transfer" therapy: for added protection in 
periods of stress or stressful situations that are likely to 
precipitate seizures (menstruation, allergic episodes. 
holidays. etc.). 


HOW SUPPLIED: MYSOLINE Tablets—No. 430 
—Each tablet contains 250 mg of primidone (scored), 
in bottles of 100 and 1,000. Also in unit dose peti 
of 100. No. 431—Each tablet contains 50 mg of 
rimidone (scored). in bottles of 100 and 500. 
MYSOLINE Suspension—No. 3850—Each 5 ml 
(teaspoonful) contains 250 mg of primidone, in bottles 
of 8 fluidounces. 


References: 1. Woodbury. D. M.. and Final, E.. in 
Goodman. L. S., and Gilman, A. (eds.): The Phar- 
macological Basis of Therapeutics. ed. 5. New York, 
Macmillan Publishing Co.. Inc.. 1975. p. 222. 
2. Rodin, E.. in Conn, H. F (ed.): Current Therapy 
1977. Philadelphia. W. B. Saunders Company, 1977. 
p. 716. 3. Forster, F M.: Med. Clin. North Am. 47:1579 
(Nov.) 1970. 4. Physicians’ Desk Reference, ed. 31, 
Oradell, N.J., Medical Economics Co.. 1977. p. 1175. 
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Fast Disintegration: Taken at the first symptom 


of migraine, Wigraine tablets disintegrate 7 to 70 times faster 
than other migraine preparations.* A patented microgranula- 
tion process “bursts” the tablets apart so that digestive juices 
have unhindered access to the active ingredients—providing 
quick-release medication 


e to halt throbbing head pain before it takes hold 
eto ease the nausea and “sickness” of migraine attacks 


eto relieve pain from sustained contraction of head and 
neck muscles 


eto allay the feelings of hopelessness in many migraine 
patients 


e to rebuild the patient's confidence in therapy 


Each Wigraine tablet and rectal suppository contains ergotamine tartrate, 1.0 mg; caffeine, 
100.0 mg; belladonna alkaloids (levorotatory), representing 87.596 hyoscyamine and 12.596 
atropine as sulfates, 0.1 mg and phenacetin, 130.0 mg. 


PRECAUTIONS: Dosage of either tablets or suppositories singly or in combination should 
not exceed a total of 12 during any seven-day period. Although rare, ergotamine is capable 
of producing all the symptoms of ergotism. CONTRAINDICATIONS: Peripheral vascular or 
coronary disease, angina pectoris, hypertension, renal or hepatic dysfunction, pregnancy, 
septic states, incipient glaucoma. SUPPLIED: Tablets—individually foil-wrapped in boxes of 
20 or 100. Suppositories—individually foil-wrapped in boxes of 12 


Orga non 


A PART OF /KZONO IN 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 
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a The 
) Timefor 
Relief 


An early stage in the migraine episode—constricted cerebral 
arteries impair blood flow and evoke the warning aura. Taken 
now, Wigraine can often abort the attack before the onset of 
painful headache. 


Wigraine Timed 
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Actual photos show total disintegration of Wigraine tablet in 
digestive juice in only 18 seconds (range 8"-32"; average 18").* 
In the same test, other well-known migraine tablets take as long 
as 24 minutes and more. 


*Tested in USP disintegration apparatus. Data on file, Research Department, Organon Inc 
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Instructions for Authors 
Send manuscripts by first-class mail to Maurice W. Van 
. Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, Schoo! of Medicine, Iowa City, IA 
92242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 


published elsewhere without permission from the publisher 
(AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effective Jan 1, 1978, transmittal letters to the editor should 
contain the following language: *In consideration of the 
American Medical Association taking action in reviewing and 
editing my submission, the author(s) undersigned hereby trans- 
fers, assigns, or otherwise conveys all copyright ownership to 
the AMA in the event that such work is published by the AMA." 

We regret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessi- 
tate delay in review of the manuscript. 


Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 


Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 cm (8% x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fietitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 


Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 

Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 


References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author(s), (2) title, (3) journal name (as abbreviated in 


Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, (6) 
publisher, and (7) year. Volume and edition numbers, 
specific pages, and name of translator should be included 
when appropriate. The author is responsible for the 
accuracy and completeness of the references and for their 
correct text citation. 

Metrication.—All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating "top" 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 em (5 x 7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 

Legends.—Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 

Acknowledgments.—Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher's 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 

Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 cm 
(8/2 x ll-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 


| imbalance 


a central problem 
in the management of Parkinson's disease 





Posed by professional models. 


by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
parkinsonian patient back into balance 





Sinemet 
can mean aworld of difference 
for some parkinsonian patients... 


Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 





bz 


and that difference | 
often depends on proper dosage 


m 
! 
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Start with SINEMET-25/250 S kodos ^m 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 





Enough carbidopa 


^ daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
"Y of carbidopa because studies show that peripheral dopa decarboxylase is saturated 

by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 
Enough levodopa 
A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing {the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750;mg of levodopa-the 
proper amount of levodopa for patients previously on 5000 mg ot levodopa. 

(G^ SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 

strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 

Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. | 

NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson’s disease. 


Other dosage considerations - 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 

Because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 

a it is necessary to individualize therapy and to monitor the patient closely during the dose 
* adjustment period. The occurrence of involuntary movements may require dosage 
reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 
Instruct patients not to take levodopa with SINEMET unless you specifically recommend it. 


*anhydrous equivalent 
MSD 


MERCK See follawino nave for brief siummarv of prescribing information. 


Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET should not be 

iven concomitantly. MAO inhibitors must be discontinued at 
east 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 

should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current peysons. Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with levodopa, to 
datients with history of myocardial infarction who have residual 
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function should be monitored with particular care during period 
of initial dosage adjustment, in a facility with provisions for 
intensive cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects ot 
SINEMET on human pregnancy and lactation are unknow n, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of ¢ hildbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. | 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom. 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefullv for changes in 
intraocular pressure during therapy. | 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihy perten- 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
pargyune, see the contraindication on MAO inhibitors.) 

ince phenothiazines and butyrophenones may reduce thera- 
peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson’s disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
observed for loss of antiparkinsonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies 
and dementia. Convulsions also have occurred; however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. r 

Less frequent adverse reactions are cardiac irregularities and/or ` 
Sa ig pl orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer. hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. | 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sweating, 
bizarre breathing patterns, urinary retention, urinary inconti- 
nence, diplopia, lume vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense of 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and 
activation of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. 65102 R1 (DC 6834803) 
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For more detailed information, consult your MSD repre- ERCK 
sentative or see full prescribing information. Merck Sharp MERCK 
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Dysmyelination Revisited 


Charles M. Poser, MD 


e Dysmyelination describes an inborn 
error of metabolism affecting myelinogen- 
esis that causes it to be abnormal, 
arrested, or delayed. Abiotrophy of myelin 
as defined by Gowers, due to metabolic 
failure of the myelin maintenance system, 
is yet another feature of dysmyelination. 
In addition to the leukodystrophies, genet- 
ically determined conditions such as 
infantile amaurotic idiocy, hematosidosis, 
Niemann-Pick’s disease and several of 
the aminoacidopathies are examples of 
dysmyelinating diseases. In order to 
reconcile morphological and neurochemi- 
cal data in these conditions, it is neces- 
sary to reexamine a number of pathoge- 
netic hypotheses based on known enzy- 
matic deficiencies, and the interpretation 
of fragmentary biochemical analyses. The 
obligatory role of the neuron and axon in 
myelin formation and maintenance is 
reviewed. The hypothesis is advanced 
that gangliosides and their degradative 
products constitute precursors for the 
synthesis of the characteristic myelin 
sphingolipids cerebrosides, sulfatides, 
and sphingomyelin. Alterations in axo- 
plasmic flow and of ganglioside metabo- 
lism must be considered as important 
factors in the pathogenesis of dysmyeli- 
nation. 

(Arch Neurol 35:401-408, 1978) 
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he concept of dysmyelination was 

introduced 20 years ago’ in order 
to differentiate those conditions in 
which normally constituted myelin is 
destroyed (tke myelinodastie dis- 
eases) from a group in which myelin 
does not form properly. Subsequently, 
the concept was expanded to include 
not only these diseases buf also those 
in which myelin formation is delayed 
or arrested, as well as thoge in which 
the maintenance of already formed 
myelin appears to be disturbed.*^ 

Although the leukodystfophies are 
generally heli to be prototypes of 
dysmyelinatien, other conditions sel- 
dom included with them provide not 
only examples of a similar metabolic 
disturbance but also offer important 
clues regardir g tent B 

This article focuses on published 
material coneerning leukodystrophies 
and other dysmyelinating diseases in 
order to promote the hypothesis that 
in myelinogenesis the neuron and 
axon have kes roles in providing the 
oligodendroglia or Schwann cells with 
the products of ganglioside degrada- 
tion as building blocks for myelin 
sphingolipids Disturbanees of axo- 
plasmic flow and, in particular, altera- 
tions of ganglioside metabolism con- 
stitute major factors in the pathogen- 
esis of dysmyelination. 

The origiral morphologic criteria 
for definition and classifieation of the 
dysmyelinating diseases have now 
almost entirely been replaced by 
neurochemicel characterizations. In- 


terpreting these neurochemical data 
is difficult. Myelin does not develop 
uniformly throughout the central 
nervous system; therefore, analyses of 
brain tissue extracts in young children 
cannot be considered as representing 
a homogeneous material. Enzyme sys- 
tems that are operative in early myeli- 
nogenesis are not necessarily identical 
with those governing later stages of 
myelination or those concerned with 
myelin maintenance; alterations of 
the normal metabolic pathways may 
call into play alternate or as yet 
unknown synthetic and degradative 
systems. 

Because in so many instances 
myelin has failed to develop, the mate- 
rial available for detailed analysis is 
extremely scanty and the necessary 
extrapolations greatly magnify what 
may be small but significant errors. 
Physiologically important substances 
may be present in such small quanti- 
ties that they escape detection, and 
opportunities to study relevant con- 
trol brain material are few. For exam- 
ple, Vanier and Svennerholm* have 
pointed out that although glycolipids 
and gangliosides are classified on the 
basis of their carbohydrate structure, 
they have often been characterized 
only be chromatography of the intact 
lipids, that the sequential arrange- 
ments of the sugars have been deter- 
mined in relatively few substances, 
and that the ceramide portion has 
been analyzed only in certain glycolip- 
ids. 
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Since only extremely small amounts 
f material are available, the extraor- 
inary complexity of analytical meth- 
ds necessitates examining metabolic 
athways and compounds separately 
rom other closely related pathways 
and compounds. Finally, many of 

ese diseases are rare, so the materi- 
ul at hand in any single laboratory for 
either pooling or comparative studies 
s very limited. 

Morphological, neurochemical, and 
ultrastructural data are scattered in 
he journals of many disciplines. A 

itical review is overdue, since so 
any pieces of the puzzles of myelino- 
genesis and dysmyelination are still 
nissing. In this article a number of 
rrently held theories of pathogene- 
sis will be challenged and an attempt 
made to reconcile unexplained dis- 
epancies between morphological and 
xochemical observations. The poten- 
tal significance in terms of pathogen- 
esis of information gathered recently 
às well as in the past will be brought 
out. 


THE LEUKODYSTROPHIES 


Included in this group are the 
following conditions: metachromatic 
leukodystrophy (MLD), globoid cell 
leukodystrophy (GLD), spongy sclero- 
sis, adrenoleukodystrophy (ALD), oth- 
er so-called neutral fat leukodystro- 
pnies, and fibrinoid leukodystrophy 
(Alexander's disease). The studies 
iade on most of these conditions will 
be reviewed. 


Metachromatic Leukodystrophy 


Edgar? was the first to point out 
that this condition could be differen- 
tiated biochemically from myelino- 
clastie diffuse sclerosis of Schilder on 
tbe basis of a remarkable elevation of 

^ite matter hexosamine. He also 
peinted out that the levels of hexos- 
amine, a component of gangliosides, 
although significantly higher than 
those in the myelinoclastie diseases, 
did not reach the levels observed in 
infantile amaurotic idiocy. The possi- 
biity that a disturbance of ganglio- 
side metabolism might be at fault was 
clearly indicated. 

The suggestion that the metachro- 
tic material consists exclusively of 
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an excessive accumulation of sulfa- 
tides fails to account for some of the 
well-documented features of this con- 
dition found in the older literature: 
thus, prior to the introduction of the 
acetic acid cresyl violet stain by von 
Hirsch and Peiffer,’ giving a uniform 
brown metachromasia, the use of 
toluidine or thionine stains, which 
produced metachromasia, indicated 
that the extraneous material con- 
sisted of different mixtures, since the 
colors obtained ranged from green to 
orange to the more common purple. 
In a histochemical study, Urich? dem- 
onstrated that in addition to sulfa- 
tides, the white matter contained two 
other substances, one resembling my- 
elin in its staining properties, the 
other with properties suggestive of a 
mucopolysaccharide or mucoprotein. 
Norman et al’ pointed out that the 
metachromatic lipid is not the only ab- 
normal product found in MLD: after its 
removal by appropriate solvents, large 
amounts of granular material remain, 
staining positively with the PAS meth- 
od. It should be stressed that these cases 
did not show the clinical signs of what 
has now been recognized as the multiple 
sulfatase deficiency variant or muco- 
sulfatidosis.'^ 

It is also a curious and unexplained 
fact that when the abnormally consti- 
tuted myelin is destroyed by surgery" 
or arteriosclerosis," normal catabolic 
mechanisms are able to degrade the 
excess sulfatides to the usual choles- 
terol esters seen as the result of myeli- 
noclasia. The sulfatide that accumu- 
lates in this disease may be structural- 
ly different or bound differently from 
that incorporated in whatever myelin 
is formed." 

That a deficiency of arylsulfatase A 
exists in MLD, and is characteristic of 
it, is undeniable, but the significance 
of this abnormality in terms of the 
pathogenesis is not easy to grasp. It is 
difficult to comprehend how this 
enzyme defect alone accounts for the 
biochemical abnormalities found in 
myelin in this disease in which, in 
addition to the threefold to fourfold 
excess of sulfatides, there is a 50% 
reduction of phosphatidyl ethanol- 
amine, a threefold increase of phos- 
phatidyl inositide,^ and a significant 
increase of short-chain fatty acids in 


the glycolipid constituents.'*^ The last 
named recalls the fact that the cere- 
brosides and sulfatides that exist 
before myelination have a pattern of 
short-chain fatty acids similar to that 
of gangliosides.” A better knowledge 
of the biochemical details of the brain 
before myelination is complete would 
not only help our understanding of 
this disease, but might also underline 
the important role played by ganglios- 
ides in myelinogenesis. 

The presence of excess sulfatides in 
neurons indicates that the abnormal 
process involves more than the oligo- 
dendrocyte: axons and neurons have 
also been shown to be sites of sulfa- 
tide synthesis.'*'* Axonal degenera- 
tion is always present in this disease; 
in addition, axon involvement is 
shown by axonal swellings” similar to 
those seen in some of the dysmyeli- 
nating conditions of mutant mice.” 
These swellings are generally believed 
to result from a disturbance of 
axoplasmic flow. 

Austin’s” theory that the excess of 
sulfatides disables the myelin forming 
cells must be reexamined: sulfatide 
and cerebroside anabolism seems to be 
intact, suggesting that the role of the 
oligodendrocyte might be more that of 
assembling or transporting myelin 
constituents than synthesizing them. 
Indeed, Deshmukh and Bear? in their 
study of quaking mice indicate that 
the slow rate of deposition of myelin 
may be caused by a defective trans- 
port mechanism of galactolipids from 
the site of synthesis to the site of 
deposition or to a defect in the mecha- 
nism of final myelin assembly. 

The fact that the subcortical myeli- 
nated U fibers are always spared 
suggests that other myelinogenetic 
mechanisms exist and that deficiency 
of arylsulfatase is only a part of a 
much more complex, multienzymatic 
disturbance that may well involve 
ganglioside metabolism and fatty acid 
elongation. Although the deficiency of 
arylsulfatase A remains an important 
clinicogenetic marker, it accounts for 
only a single aspect of the morpho- 
logie and biochemical pathologic 
changes of MLD. Moreover, the fact 
that completely normal individuals 
have been found severely deficient in 
the enzyme raises doubts about its 
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specificity and pathogenetic signifi- 
cance.” 


Globoid Cell Leukodystrophy 


Suzuki and Suzuki? have proposed 
that a deficiency of galactocerebrosid- 
ase in this disease is the explanation 
for its pathogenesis, but this hypothe- 
sis must be seriously questioned. The 
globoid cells have been shown to 
include many more compounds than 
cerebroside, such as globotriose, glo- 
botetraose, globoside, glucocerebro- 
sides, and, in particular, lactosylcer- 
amide.?** With the exception of 
galactocerebroside, all these com- 
pounds bear a strong structural rela- 
tionship to gangliosides. Despite a 
block in the degradative pathway of 
galactocerebrosides, there is no abso- 
lute accumulation of this material,’ 
only a sequestration in the globoid 
cells. Several abnormalities of gan- 
glioside metabolism have also been 
found in both gray and white matter’: 
increases of Gy, Gy, and Gps in 
cortex, reduction of G,,, and large 
increases of Gua and G,,, as well as 
some increases in Gp, Gom, and Gy in 
white matter. In all the neutral glyco- 
lipids two types of fatty acids predom- 
inate, C18 and C24. Furthermore, in 
all neutral glycolipids and psychosine, 
sphingosine with C18 fatty acids 
predominates, just as in gangliosides. 
The presence of large amounts of 
glucocerebrosides*^* points either to 
an arrest of the normal biochemical 
maturational processes along with the 
failure of fatty acid elongation, or a 
backup in the normal ganglioside 
degradative pathway. An arrest of 
myelination at an early stage might 
well account for the biochemical find- 
ings, which are reminiscent of those in 
the very immature brain. The work of 
Malone et al^? who examined two 
morphologically identical myelin com- 
ponents, so-called light myelin (LM) 
and heavy myelin (HM), might ex- 
plain the persistence of this immature 
pattern, since the HM component is 
known to increase with maturation 
whereas the LM component remains 
stable. In a small amount of myelin 
produced in GLD, there was four 
times as much LM as HM. The LM 
material had less total protein, more 


soluble protein, and considerably less 
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status of the white 
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samine levels, which are ve 
Tay-Sachs disease, are 
MLD but within normal limi 


sis, a condition characterized by 
inflammatory reactive gliosis. It is 
tempting to consider that the iso- 
morphic glios:s that is a parallel rath- 
er than a reactive phenomenon in 
dysmyelinaticn may represent an ab- 
normal gliogenic response to the 
disturbance ef ganglioside metabo- 
lism. | 

In additiom to the deficiency of 
galactosidase a deficiency of sulfo- 
transferase has also been found'"^ 
that would account for the relative 
decrease in sulfatides. A deficiency of 
lactosyleeramüdase has | been de- 
scribed," and recently it has been 
shown that lactosyleera 


with GLD.* It is quite li 
other enzymatie deficie 
discovered.?* {n fact, Suz 
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major characteristics that remain to 
be accounted for: (1) almost total loss 
of myelin and oligodendroglia, (2) nor- 
mal chemical composition of remain- 
ing myelin, (3) morphologic evidence 
of decrease of the amount of myelin 
during the illness, (4) massive infiltra- 
tion by globoid cells, and (5) absence 
of excess accumulation of cerebroside 
in the brain despite a block in the 
degradative pathway. Their theory 
that globoid cells overwhelm the oligo- 
dendroglia, however, does not accord 
with the morphologic evidence. Even 
in the most severe cases, the number 
of globoid cells cannot possibly ex- 
plain the almost total disappearance 
of oligodendroglia. Furthermore, this 
does not account at all for the case of 
GLD without globoid cell formation.” 
The other theory—that oligodendrog- 
lia may be poisoned by psychosine*?'— 
is equally difficult to accept, since this 
material has been shown to be a 
normal precursor for cerebroside syn- 
thesis in mice.**** The role of the 
oligodendroglia in this disease re- 
mains obscure, especially since the 
few remaining cells of this type 
appear to be completely normal.” 
The presence of globoid cells was 
originally believed to be characteristic 
of the disease. Recently, however, 
there has been a case published that is 
classified as one of GLD on the basis 
of the severe deficiency of galactocer- 
ebrosidase activity but that complete- 
ly lacks globoid cells.” This important 
case raises a question regarding the 
pathogenesis of GLD: why did the 
microglia not respond to the biochem- 
ical disturbance by forming globoid 
cells? The theory advanced by Suzuki 
and Suzuki," that the breakdown of 
myelin, which releases galactocerebro- 
side, results in globoid cell formation, 
is not applicable since such an event 
would take place in all instances of 
myelinoclasia. It would seem that 
globoid cell formation is not related to 
the deficiency of  galactocerebro- 
sidase. An as yet undiscovered meta- 
bolic disturbance may be responsible, 
or other hexosides rather than cere- 
brosides lead to the formation of the 
globoid cells. Needless to say, not only 
does this case raise serious questions 
regarding the enzymatic disturbance 
that produced its pathologic changes, 
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‘but, more importantly, it throws 
doubt on the entire classificatory 
system. It is possible that some of the 
still unclassifiable cases of leukodys- 
trophy, if subjected to similar enzy- 
matic analyses, might prove to be of 
the same type. 

The significance of the experiment 

n which typical globoid cells were 
produced in rat brain following the 
njection of homologous cerebrosides*' 
also requires reexamination. There 
was no reason to suspect any enzy- 
matic disturbance of any kind in these 
animals. Why this material could not 
3e catabolized remains unexplained. 
‘t is possible that the catabolic system 
was overwhelmed, or that the cerebro- 
side became bound to protein and 
rendered undegradable, eliciting a 
foreign body giant cell response from 
microglia. It remains extremely diffi- 
cult to explain why galactocerebro- 
side, which is a normal metabolite, 
should elicit a foreign body response 
in human brain. 
In this disease also, the axonal 
cisturbance is frequently overlooked. 
Electron micrographs have shown 
markedly abnormal axons still sur- 
rounded by normal myelin.? The 
possibility that, in addition to a 
disturbance of myelinogenesis, the 
rayelin maintenance system may be 
involved should be kept in mind. 

The neurochemical observations as 
well as the neuropathologie features 
sapport the belief that a number of 
enzyme systems are involved and that 
disturbances of ganglioside metabo- 
lism may be even more important in 
tais condition than in other leukodys- 
trophies. 


Adrenoleukodystrophy and Other 
"Neutral Fat" Leukodystrophies 


In these conditions the role of 
myelin maintenance in dysmyelina- 
tion comes to fore. In some instances 
o ALD, the neuropathologie appear- 
aace of the brain is that of a leukodys- 
trophy, so that with a myelin sheath 
stain it is indistinguishable from 
metachromatic leukodystrophy. In 
other cases, the appearance is identi- 
cel to that of myelinoclastie diffuse 
sderosis of Schilder. At the present 
time, there is no evidence to suggest 
that the disturbance of myelin, 
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regardless of type, results from the 
adrenal deficiency.** It would seem 
that the adrenal deficiency and the 
disturbance of myelin may be two 
different phenotypic manifestations 
of a pleiotropic genotype. Involve- 
ment of the peripheral nerves** pro- 
vides additional support for the inclu- 
sion of this group in the dysmyelinat- 
ing diseases in view of the fact that 
peripheral nerves are never affected 
in the primary myelinoclastic diseases 
of the multiple sclerosis type. 

The biochemical abnormality in 
ALD has been shown to consist of an 
unusually large proportion of very 
long-chain fatty acids in both ganglio- 
sides and cerebrosides, as well as in 
brain and adrenal cholesterol esters, 
but not in serum cholesterol esters.**:*° 
The presence of these abnormal fatty 
acids in both gangliosides and cere- 
brosides would tend to support the 
suggestion that a precursor-product 
relationship might exist. 

In ALD with myelinoclastie fea- 
tures, either the myelin maintenance 
system is deficient or the formed 
myelin because of its biochemical 
abnormality is abiotrophie in Gowers' 
sense, ie, has a limited life span, just 
as O'Brien" has postulated with 
regard to MLD. 

Other neutral fat leukodystrophies 
present a much more complex prob- 
lem. Few reported cases have been 
subjected to sophisticated biochemical 
analysis. In fact, this group contains 
such a mixture of cases as to defy 
reasonable classification. The in- 
stances of what has been called Peli- 
zaeus-Merzbacher's disease suggest 
that they represent fragments of a 
more extensive and complex genetic 
abnormality exemplified by the Cock- 


. ayne syndrome.*'** 


Spongy Sclerosis 


This leukodystrophy should no long- 
er be considered as a single entity. It 
would appear to be a rather nonspe- 
cific manifestation of a large and 
diverse group of metabolic distur- 
bances.** The classical neuropathologic 
changes have been described in a 
large number of aminoacidopathies 
such as phenylketonuria, maple syrup 
urine disease, and homocystinuria.**-5? 
They have also been more recently 


reported in hematosidosis,** a new 
disease that is of major theoretical 
interest because it represents the first 
reported instance of disturbance of 
ganglioside synthesis. 

"Generally overlooked in publica- 
tions, which concentrate on the char- 
acteristic spongy state, is that the lack 
of development of myelin is an obliga- 
tory characteristic of the disease. The 
dysmyelination involves the entire 
white matter and thus cannot be 
explained on the basis of the spongy 
degeneration, which is found in the 
deep layers of the cortex and the 
subcortical U fibers. It is most proba- 
ble that the spongy degeneration and 
the dysmyelination are parallel phe- 
nomena. Although spongy sclerosis 
has been described in some of the 
aminoacidopathies, in other instances 
of such conditions only dysmyelina- 
tion is present, without any spongy 
degeneration, again strongly suggest- 
ing that the two conditions are not 
causally related. Solitare et al^ sug- 
gested that the defect in myelin in 
their case of spongy sclerosis sec- 
ondary to argininosueccinie aciduria 
was primarily a delay or arrest in 
myelination. Because spongy sclerosis 
seems to be noted frequently in 
aminoacidopathies, it may in some 
way result from abnormal protein 
metabolism, which has been shown“: 
to disturb myelination. The studies 
reported to show disturbances in ATP 
metabolism in the astrocytes in the 
area of spongy degeneration are not 
only controversial but fail to address 
the problem of dysmyelination.**^* 
Because these cases are so rare, few 
biochemical analyses of their myelin 
sheath constituents have been per- 
formed. It is likely that few idiopathic 
cases of spongy sclerosis were studied 
biochemically during life. 


Fibrinoid Leukodystrophy 


Because Rosenthal fibers are seen 
in many conditions, including those 
characterized by wide-spread dysmye- 
lination, a heterogeneous group of 
diseases in which they are noted have 
been collected under this designation. 
For example, a recent article? in- 
cludes under the designation of Alex- 
ander's disease not only 11 cases of 
fibrinoid leukodystrophy but also 
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some unquestionable cases of multiple 
sclerosis. Rosenthal fibers have been 
shown to be produced by astrocytic 
degeneration’; they are seen in other 
abnormal conditions such as syringo- 
myelia, brain tumors, and multiple 
sclerosis. In Alexander’s disease the 
association between dysmyelination 
and Rosenthal fibers may be coinci- 
dental and have no pathogenetic 
significance. The dysmyelination in- 
volves the entire white matter where- 
as the Rosenthal fibers are usually 
located in perivascular areas and 
subpial surfaces. In this disease there 
may be an alteration of astrocytic 
funetion that may or may not be 


related to the myelinogenetic distur- 


bance," a situation not unlike that 


- existing in spongy sclerosis. The fact 


that Rosenthal fibers are noted does 
not warrant a special classification. 


OTHER DYSMYELINATING 
DISEASES 


A normal myelin sheath stain sim- 
ply indicates the ability of myelin to 
bind hematoxylin. It does not neces- 
sarily represent functional integrity. 
Since dysmyelination need not neces- 
sarily affect that particular property 
of the myelin sheath, the brain in 
some of these conditions thus may 
appear normal. In phenylketonuria,” 
for example, the brain may either 
appear normal or exhibit the neuro- 
pathologie characteristics of a classi- 
cal leukodystrophy of the MLD type, 
or of spongy sclerosis. Dysmyelination 
is not always recognized when neuro- 
pathologic features (ballooned neu- 
rons), electronmicroscopic characteris- 
tics (membranocytoplasmie or other 
lipid bodies), and biochemical findings 
(enzyme deficiencies, abnormal con- 
tent of sphingolipids), rather than the 
disturbance of myelin, attract the 
attention of the investigator. 

Dysmyelination is a characteristic 
of such varied metabolic disturbances 
as aminoacidopathies and lipidoses in 
addition to the leukodystrophies.* Sev- 
eral models of dysmyelinating dis- 
eases not classified among the leuko- 
dystrophies are worthy of comment. 


G,,. Gangliosidosis - 


Several investigators pointed out 
long ago that the striking lack of 
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accounted for on the basi 


rian degeneration secondary to neu- 


metabolism im this disease has re- 
grettably led to few investigations of 
the associated phenomenon of dys- 
myelination. 

The resemblance of the neuronal 
membranocyteplasmic bodies to irreg- 
ularly formed myelin was émphasized 
even more by the biochemieal analysis 
and structure proposed by Terry and 
Korey® and Samuels et al“: in it the 
classic lamellar arrangement contain- 
ing sphingomzelin, cerebrosides, sul- 
fatides, and cholesterol is present, in 
addition to large amounts of ganglio- 
sides. It is curious that neurons and 
axons“ overburdened with an ungrad- 
able ganglioside would produce a 
myelin-like structure unless they were 
normally “pregrammed” for such an 
activity. No explanation has been 
offered for the marked deficiency of 
myelin sphingolipids such as cerebro- 
sides and sulfatides in the white 
matter in this disease. 

The question arises why a condition 
in which ther» is no hexosaminidase, 
the function of which appears to 
degrade Gu ganglioside, results in 
extensive dysmyelination, unless it is 
assumed that the normal ganglioside 
degradative process is critical for the 





lin, BEE and ait tides must 
result from some block oF blocks in 
a precursor product lationship. 
Klenk“ postu ated such a relationship, 
but to date no direct evidence has 
been provided in its support. The 
demonstration that two gangliosides, 
Gu: and G,,," are normal constit- 
uents of myelin reinforces the need 
for reexamin ng this suggestion. 


G,,, Gangliosidosis 5g arate 


In this unicue case, a disturbance of 
ganglioside synthesis has been dem- 
onstrated to be associated not only 
with spongy degeneration but also 
with dysmyetination. 53.72 One consid- 


eration is that the Gy. ganglioside, | 
constituent af myelin cannot Je syn- — ‘Vici 
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thesized, thus accounting for the 
disturbance of myelinogenesis. This, 
however, does not account for the fact 
that other sphingolipids also fail to be 
deposited. 


Niemann-Pick’s Disease 
(Sphingomyelin Lipidosis) 


The deficiency of sphingomye- 
linase™ in this disease cannot account 
for the following observations: sphin- 
gomyelin shows an immature fatty 
acid pattern'** (ie, resembling that of 
gangliosides), and there is an increase 
of Gu: and Gu, gangliosides” as well 
as of gangliotrihexosides, gangliodi- 
hexosides, and their corresponding 
asialoganglioside forms. There is also 
an increase in glucocerebrosides.'** 


COMMENT 


Much confusion regarding the path- 
ogenesis of dysmyelinating diseases 
remains in spite of the discovery of 
what superficially appear to be path- 
ognomonic biochemical alterations, 


 neuropathologie features, and enzy- 


matic deficiencies. In fact, close exam- 
ination of those data raises more ques- 
tions than it answers. 


The Role of the Axon in Myelin 
Formation and Maintenance 


One of the major neuropathologic 
characteristics of dysmyelination is 
degeneration of the axon. 

The myelin sheath exists in an 
obligatory anatomic, physiologie, and 
metabolic relationship with the oligo- 
dendrocyte (or Sehwann cell) and the 
axon. It is generally accepted that the 
oligodendrocyte plays a major role in 
the formation of the myelin sheath, 
which is part of its cell membrane. 

The cell will not form myelin unless 
it is in apposition to an axon; con- 
versely, an axon will not myelinate in 
its absence. The crucial role of the 
axon in myelinogenesis and the sym- 
biosis that produces myelin remain 
completely unexplained. 

Equally obscure is the role played by 
the axon in maintaining the integrity 
of the myelin sheath. When an axon is 
severed, Wallerian degeneration en- 
sues, and myelin disintegrates distal- 
ly. Even though only oligodendroglial 
Schwann cells in the immediate 
nity of the site of axonal interrup- 


Dysmyelination—Poser 405 


h A d oun diim... 


-s- ibt me 


T p AO sal % AA 
. | MM 


tion are destroyed, myelin invariably 
disintegrates although such cells sev- 
eral centimeters away remain intact 
and presumably fully able to continue 
their myelinogenetie function. The 
trophic function of the axon on these 
myelinogenetie cells remains un- 
xnown although the phenomenon of 
Wallerian degeneration has been rec- 
egnized for many years. 

. The fact that myelination proceeds 
oy tracts argues strongly that axonal 
properties are involved in its control. 
in the adult central nervous system, 
strong correlation has been found 
between axon size and sheath thick- 
ness.'* A number of studies of axoplas- 
mic flow have attempted to shed light 
cn this problem: in addition to myelin 
protein,*5" gangliosides” as well as 
myelin constituents such as phospho- 
lpids," glycoproteins, and phospha- 
tidyleholine* have been shown to be 


transported from the neuron along 


the axon. The association between 
protein transport and the axoplasmic 
fow of certain lipids has been studied 


by Nixon and colleagues, who 


confirmed the fact that sulfatide 
formation depends on protein synthe- 
sis. They also showed that degenera- 
ton of myelinated axons could be 
produced by inhibiting axoplasmic 
flow in cerebellum tissue culture. 
Sulfatides have previously been con- 
s dered along with cerebrosides as the 
chemical markers for the myelin 
sneath,*° and changes in content of 
taese glycosphingolipids have been 
thought to be directly related to the 
process of myelination.*5 

The possibility that myelin could 
incorporate certain molecules of axon- 
a origin was suggested by a number 
o° authors, principally by Klenk.* 
They postulated that axons might 
supply materials necessary not only 
for myelinogenesis but also for main- 
tenance of myelin integrity. Support 
for this comes from the work of 
Rawlins,” who demonstrated that 
irtraperitoneally injected cholesterol 
ir mice is incorporated in the sciatic 
nerve and enters the myelin lamellae 
from both the Schwann cell cytoplasm 
and from the axon. 

While the evidence remains incon- 
clasive, the data suggest that a direct 
chemical contribution from the axon 
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to the myelin-forming cells, or to the 
myelin itself, or both, should be 
considered. The fact that maximal 
ganglioside turnover occurs just be- 
fore myelination led Brady and 
Quarles** to postulate their theory of 
physicochemical interaction between 
axon and myelinogenetic cell; alterna- 
tively, such evidence would lend cre- 
dence to the possible existence of a 
ganglioside-cerebroside-sphingomye- 
lin precursor-product relationship as 
well as the direct transfer of such 
molecules from axon to myelinogenet- 
ic cell. 


Gangliosides as Precursors 
of Cerebrosides and Sulfatides 


The suggestion that the galactolip- 
ids of the myelin sheath might be 
formed directly from the gangliosides 
of the neuron and axon had been made 
by Klenk,* based on the structural 
similarity between the three major 
groups of sphingolipids (gangliosides, 
cerebrosides, and sphingomyelin), 
which all possess a sphingosine base. 
Yates et al® concluded from their 
study of the development of the sciat- 
ie nerve that their observations sug- 
gest an association of gangliosides 
with myelination if cerebroside is 
regarded as a marker for myelin 
membrane. 

Numerous authors have pointed out 
that both the fatty acid pattern of the 
sphingosine base and the composition 
of the fatty acid chains of the various 
sphingolipids are different from those 
of gangliosides. In addition, in all nine 
gangliosides except the newly discov- 
ered Gu, a glucose molecule is 
attached to the sphingosine base, 
while in adult myelin cerebroside, it is 
a galactose molecule. It is generally 
accepted that the normal degradation 
of Gy, ganglioside consists of the 
following steps: Gy, Guz, Gus, lactosyl- 
ceramide, glucosylceramide, ceramide, 
fatty acid, and sphingosine.^ The 
degradation of Gu, to Gu makes avail- 
able a molecule of galactose, while the 
degradation of ceramide makes fatty 
acids available to the metabolic pool. 
Since the fatty acid chains of ganglio- 
sides are different from those of cere- 
brosides, synthesis of cerebrosides 
from ganglioside-derived ceramide is 
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difficult to conceive. It has been 
postulated that cerebrosides are syn- 
thesized from a different ceramide 
and uridine diphosphate galactose in 
rat brain," but Friedrich and Hauser: 
demonstrated that brain galactocere- 
brosides are also synthesized from 
psychosine. The discovery of this 
alternate pathway for cerebroside 
synthesis raises the possibility of a 
direct precursor-product relationship 
between gangliosides and cerebro- 
sides, with the sphingosine base, 
galactose, and the fatty acids being 
derived from ganglioside degrada- 
tion. 

One of the most important obstacles 
to the establishment of this hypotheti- 
cal relationship revolves around dif- 
ferences in fatty acid composition. 
Close examination of the available 
biochemical evidence suggests that 
this obstacle is not quite as formidable 
as it appears. Some light has been 
shed on this problem by DeVries and 
Norton” in their review of the fatty 
acid composition of sphingolipids 
from both axons and myelin; they 
point out that there have been great 
inconsistencies in reports of the 
length of the various fatty acid chains. 
Undoubtedly, problems arise from the 
fact that the stage of development of 
myelin appears to be crucial: cerebro- 
sides and sulfatides that exist before 
myelination have a short-chain imma- 
ture pattern of fatty acids similar to 
that of gangliosides." When myelin is 
first deposited, it has a short-chain 
fatty acid pattern; during maturation, 
the fatty acids of both nonmyelin and 
myelin lipids undergo various changes 
in composition, one of which is an 
increase in the average chain length. 
Thus, it is possible that the shorter- 
chain fatty acids present in ganglio- 
sides become incorporated into cere- 
brosides and sulfatides very early, 
even before myelination begins, and 
that the longer chains found in the 
latter represent maturation. Mead 
and Dhopeshwarkar" have shown that 
when C14 fatty acids are injected into 
brain, they are rapidly transformed 
into long-chain, more highly unsatu- 
rated derivatives. Boone and Wakil” 
have pointed out that brain mitochon- 
dria are capable of making C24 out of 
C18 fatty acids and that no special or 
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unusual cofactors are necessary. Mick- 
el and Gilles** have demonstrated that 
cholesterol esters containing a high 
proportion of C16 fatty acids accumu- 
late in human premyelinating cells. 
These esters might then serve as 
intermediaries as well as donors in the 
intracellular transport of fatty acids 
at a time when lipogenesis is maximal, 
especially since cholesterol esterase 
activity correlates well with the 
cholesterol ester concentration in the 
premyelination state.” 

Similarly, Sweasey et al% point out 
that cholesterol esters appear before 
active myelination begins and they 
could be an important source of fatty 
acids for the synthesis of a variety of 
complex lipids. They also stress the 
fact that the fatty acid composition of 
cholesterol esters during nonspecific 
demyelination is entirely different 
from that observed during normal 
development. 


Until recently, the important role 


ascribed to the oligodendroglia de- 
pended on their demonstrated ability 
to synthesize myelin lipids, in particu- 
lar cerebrosides and sulfatides. Evi- 
dence is now accumulating that neu- 
ronal elements may have an impor- 
tant role in galactosphingolipid 
metabolism.” Radin et al* have 
reported that isolated neuronal peri- 
karya and axons can synthesize both 
galactocerebroside and glucocerebro- 
side from ceramide and uridine 
diphosphate galactose. Sulfatide syn- 
thesis has been demonstrated in both 
cat and mouse neurons, ®® 1° 

Many important steps in the bio- 
chemical sequences of myelinogenesis 
remain unknown. The fact that cere- 
brosides and sulfatides, which have 
been considered the characteristic 
lipids of myelin, can be found in and 
synthesized by neurons and axons, 
and that the axonal membrane, direct- 
ly in contact with the myelin sheath, is 
rich in gangliosides, leads to the hy- 


pothesis that the axon may make a 


direct biochemical contribution to the 
formation of myelin, these ganglio- 
sides serving as precursors for the 
synthesis of cerebrosides and sulfa- 
tides. 


Daniel Perl, MD, and E. Stanley Emery III, 
MD, provided critical comments. 
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The Bilingual Brain 


è The localization of two languages in 
the lateral cortex of the dominant cerebral 
hemisphere was determined by the tech- 
nique of mapping sites where electrical 
stimulation altered naming in two bilin- 
gual patients. Sites in the center of the 
language area of each patient were 
involved in both languages. Peripheral to 
this, in both frontal and parietal cortex, 
were sites involved in only one of the 
languages. In each patient, each lan- 
guage in part used different areas of 
brain. 

. (Arch Neurol 35:409-412, 1978) 


D most people, the cortical language 
zones include portions of the left 
hemisphere surrounding the Sylvian 
fissure, particularly the posterior in- 
ferior frontal lobe and posterior tem- 
poral lobe. The evidence for involve- 
ment of these areas of brain in 
language comes from the localization 
of lesions associated with aphasia, and 
from mapping of sites where electrical 
stimulation of cortex alters naming.'? 
Both methods agree on the general 
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extent of brain areas involved in 
language, although suchdetails as the 
exact extent in any one mdividual and 
the variations among individuals with 
the usual pattern of cerebral domi- 
nance rema. n controver- ial. 

When a second language is learned, 
are these same areas of brain utilized 
for both languages? Jne way of 
answering -his questior would be to 
observe the language pa terns of poly- 
glot aphases. Involvement of all 
languages equally, or n a manner 
correlated with premoroid proficien- 
cy, would suggest that the brain inju- 
ry responsible for the aphasia had 
damaged ar area of bran common to 
both languages. In Eis extensive 
review of the case reposts of polyglot 
aphasia, Paradis? found this to be the 
usual finding; consequeatly, the gen- 
eral assumption is madethat the same 
areas of brain are ised for all 
languages. But Paradi also found 
reports of more complex patterns of 
language in polyglot aphasia. One 
language may recover and then 
regress as a second langage recovers, 
or there may be persistence of only a 
previously | ttle-used larguage. These 
latter patterns suggest differential 
localization of languages in bilingual 
brain. Indeed, there is 3o much vari- 
ability in 5olyglot apkasia that no 
rule, includ.ng location of the brain 
damage, is predictive o* the eventual 


langue ge impairment or restitution. 

surprisingly, there are no studies 
specifically relating the effects of 
electrical stimulation of language cor- 
tex on different languages in the 
same person, although that technique 
is ideally suited to address the ques- 
tion of differential localization of 
multiple languages. Stimulation map- 
ping can sample wide areas of cortex 
in a given patient; in contrast, lesions 
that give rise to specific language 
impairments damage only one area. 
The brain seems to have little capacity 
to recover during the brief periods of 
electrieal stimulation, in contrast to 
the general tendency to recover to 
some degree from lesions. And it has 
been shown that stimulation effects 
on naming may be quite localized, 
changing within a centimeter, even on 
the same gyrus.’ 

The most extensive reported experi- 
ence with the technique of stimulation 
mapping is from the Montreal Neuro- 
logical Institute, where the French- 
Canadian environment provided pa- 
tients with bilingual backgrounds. 
Yet our review of the experience of 
that group summarized in the mono- 
graphs of Penfield and Jasper’ and 
Penfield and Roberts' yields only a 
single case in which the protocol indi- 
cates that the effects of stimulation 
were assessed on more than one 
language. In that case, stimulation of 
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different cortical sites seemed to have 
had differential effects on two lan- 
guages. But this finding is not specif- 
ically commented on by the authors, 
anl Penfield and Roberts later con- 
cluded that “the mechanism developed 
in the brain is the same whether one, 
two or more languages are 
learned.” (p253) 

We had the opportunity to address 
this question of whether stimulation 
of dominant cortex would differen- 
tially affect multiple languages in two 
bil ngual patients in whom craniot- 
ony was performed under local anes- 
thesia for treatment of medically 
intractable epilepsy. 


REPORT OF CASES 


CASE 1.—At the time of this craniotomy, 
this right-handed patient was 37 years old; 
he had had the onset of psychomotor 
seizures at age 4. He was reared in Holland, 
anc spoke only Dutch as a youth. While in 
his native country, a left temporal EEG 
focas was discovered, and a partial left 
temporal lobectomy was performed when 
he was 23. Seizures recurred at age 28, with 
similar EEG localization. At age 25 he 
em grated to the United States; he claims 
that at that time he spoke only one word of 
English. However, he has subsequently 
acquired a working command of spoken 
English, although his comprehension of 
written English remained somewhat lim- 
ite. and he preferred to read in Dutch. 
Prior to the most recent operation, he had a 
verdal IQ of 69 and a performance IQ of 89. 
The psychometrist, noting that the patient 
mixed Dutch and English, thought that the 
IQ assessment, in English, underestimated 
his verbal abilities. Intracarotid sodium 
amytal testing, in English, demonstrated 
left brain dominance for language. 

Stimulation mapping of language cortex 
is a standard part of craniotomies for 
resection of epileptic foci in the dominant 
hemisphere. We modified this, with the 
patient’s consent, to include mapping in 
bota Dutch and English. Naming was stan- 
dardized by using achromatic slides, each 
with line drawings of one of 45 different 
objects whose names are common words 
suca as bell, hand, ear, ete. The words “This 
is a” in English are printed above each 
object picture. The patient is trained to 
read that phrase and then name the object, 
thus providing a control measure of motor 
speech to compare with naming. He was 
tessed on all objects prior to the operation 
anc was able to name all of them in both 
English and Dutch quickly, without 
prompting. 5 
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At operation, 23 cortical sites were 
preselected to sample all of exposed cortex 
except the motor strip (which earlier in the 
operation was identified by stimulation). 
Each site was identified with a sterile 
numbered tag. Stimulation at each site was 
in a bipolar manner between electrodes 5 
mm apart, using 60-Hz, 2.5-ms total dura- 
tion biphasic square-wave pulses at a 
current of 7 mamp between pulse peaks, 
from a constant current stimulator. Stimu- 
lation was initiated at the beginning of an 
object picture, and continued for the four- 
second duration of that picture. Stimula- 
tion was applied only when the name of the 
previous object was correct, and was not 
applied on consecutive object slides, nor 
was any site stimulated consecutively. The 
stimulation current level was selected as 
the largest current that did not evoke 
after-discharges from the exposed areas of 
cortex. Naming was first carried out in 
English at all sites, and then repeated in 
Dutch at all sites. The same number of 
samples of naming during stimulation 
were obtained in each language at each 
site, an average of 2.2 samples per site per 
language. , 

Performance during stimulation was 
compared to performance in that language 
on control objects without stimulation. 
These objects otherwise met the same 
criteria as used for selecting objects for 
stimulation, namely, that the immediately 
preceding object had been correctly named. 
On these control objects, the patient made 
5.6% errors on 126 objects in English and 
15.596 errors on 84 objects in Dutch. The 
one-tailed binomial one-sample test’ was 
used to statistically analyze performance 
during stimulation in each language at 
each site. 

Figure 1 shows the location of the sites 
of stimulation by a symbol showing the 
evoked changes in the two different 
languages. This figure is a tracing of a 
lateral venogram on which the location of 
the sites of stimulation were marked by 
their relation of the cortical surface veins, 
as recorded on color photographs taken at 
operation. We found that for each 
language, stimulation at some sites dis- 
turbed naming on all samples, indicated by 
the solid half-circles. All of these stimula- 
tion effects have a 1% or less possibility of 
occurring by chance. At other sites, naming 
was disturbed on only some of the samples. 
At the site identified by vertical lines, 
these errors have a 5% or less possibility of 
occurring by chance. At sites identified by 
an asterisk, only a single error in a given 
language occurred during stimulation. 
These errors cannot be statistically differ- 
entiated from chance events (P > .2). Open 
circles indicate sites where no errors were 
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evoked. 

In this patient there are areas where 
both languages are equally sensitive to 
disruption by stimulation and areas with 
differential effects on the two languages. 
Of the 23 sites, ten show no statistically 
significant changes with either language, 
six show disturbances on all samples in 
both languages, and seven show differen- 
tial effects. At two sites the only signifi- 
cant disturbance was to Dutch, while at 
four sites only English was significantly 
disturbed. At one site both languages were 
signifieantly disturbed, but English was 
disturbed on all three samples while Dutch 
was disturbed on only two of three 
samples. 

Consideration of changes in perfor- 
mance at two individual sites highlights 
the differential effects of stimulation on 
the two languages. At the superior tempo- 
ral gyrus site marked by the single arrow 
in Fig 1, stimulation was applied during 
naming of "bird", "apple," and "flower" in 
English. He named none of these correctly, 
omitting "bird" and giving the responses 
"bot" and "ba" for "apple" and "flower," 
respectively. "Tree," "bird," and "door" 
were the objects to be named in Dutch 
during stimulation at this same site. The 
first two were correct; "door" was called 
"boom" incorrectly. At this site the picture 
of a bird (and other objects) could not be 
named in English, but the same picture 
(and another object) were correctly named 
in Dutch. By contrast, during stimulation 
of the site identified by the double arrows, 
on the next gyrus superiorly, "mountain" 
and "boat" were correctly named in 
English. The third object, "tree," was 
correctly named, but only after the termi- 
nation of stimulation, and thus it was 
counted as an error. When tested in Dutch 
at this site, "telephone," "cup," and "car" 
were to be named during stimulation. Only 
the phrase "This is a" was spoken (in 
Dutch) for the first two objects. His 
response for the third object was "bang," 
also an error. Thus, at this second location, 
English naming is very little disturbed by 
stimulation while naming in Dutch is 
impossible. 

It seems unlikely that the differential 
difficulty on the naming task accounts for 
these results. Approximately the same 
number of errors were evoked when test- 
ing was carried out in either English (29 
times) or Dutch (28 of the 50 times stimu- 
lation was applied in each language). On 
the other hand, the different ages of acqui- 
sition and different competencies in the 
two languages may partially account for 
the results, especially the greater number 
of sites where only English was signifi- 
cantly altered. 
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Fig 1.—Tracing of lateral view of left cerebral hemi- 
sphere of case 1, from venogram, with sites of electri- 
cal stimulation marked by relation to cortical veins. 
Symbols at each site show evoked changes in naming 
in Dutch (above) or English (below). Dotted circle, 
motor or sensory effects evoked at that site. Dashes 
outline extent of earlier partial anterior temporal lobec- 


tomy. 





Case 2.—This 20-year-old, left-handed 
college student had had the onset of 
psychomotor seizures at age 6. English was 
her primary language. However, she had 
used Spanish within her family since 
infancy; a grandparent with whom she had 
frequent contact spoke only Spanish. Her 
preoperative verbal IQ was 112, her 
performance IQ 123. Intracarotid sodium 
amytal testing in English demonstrated 
unequivocal right-sided brain dominance 
for language. She made frequent dysnomic 
and verbal memory errors during right 
carotid perfusion; these were absent with 
left perfusion. There was no family history 
of left handedness. Electroencephalograms 
had demonstrated a right temporal epilep- 
tic focus; seizures persisted in spite of 
multiple anticonvulsant drug regimens, 
and right anterior temporal lobectomy was 
performed. 

Stimulation mapping in this patient was 
carried out in the same manner as in case 1, 
but with naming of 57 objects in both 
English and Spanish. All of these objects 
were correctly named prior to operation in 
both languages without prompting. 

At operation, 22 cortical sites were 
preselected, again to sample all of the 
exposed cortex except the motor strip and 
the epileptic focus in anterior temporal 
lobe. Stimulation variables are the same as 
in case 1, except that a current of 8 mamp 
was used. This current was below the 
threshold for after-discharges in the sam- 
pled areas of cortex. Naming was first 
carried out in English at all sites and then 
repeated in Spanish. As in case 1, the same 
number of samples of naming during stim- 
ulation were obtained in each language at 
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each site. In case 2, this was-an average of 
3.0 samples per site per language. Control 
objects were also determined in the same 
way as in the previous case. Control error 
rate was 4.1% cn 246 objects im English, and 
30.8% on 146 objects in Spanish. Thus, 
Spanish, her second language, was clearly 
more easily disrupted by sach factors as 
the stress of testing in the operating room 
or fatigue. In addition, Spazish was more 
readily disturbed during stimulation. The 
patient made anly 21.5 errors during the 65 
stimulations carried out in Znglish, while 
she made 41.5% errors on the same number 
of stimulations in Spanish. 

Figure 2 shcws the locatien of the sites 
were stimulation altered Enplish or Span- 
ish in this patient. This figure was 
constructed in the same way as Fig 1. The 
solid half-cireles represent tae sites where 
stimulation disturbed naming on all sam- 
ples in that znguage. The sites where 
stimulation d:sturbed nanzng on more 
than one sample but not all are identified 
by the vertical lines, thos» sites where 
stimulation disturbed namirg on only one 
of the samples by an astemisk, and sites 
where no errors occurred by the open half- 
circles. Statist cal analysis wsed the same 
technique as ir case 1. For Eaglish, all solid 
and lined sites have less than a 5% proba- 
bility of chance occurrence. Single errors in 
English have a probability o- chance occur- 
rence of 10% or more. For Spanish, only 
two sites, marked by solid :alf-circles, as 
indicated in Fig 2, have less than a 5% 
probability of chance occurrence. Other 
solid and lined sites ident@ied by white 
dots have chan-e probabilities of 5% to 20%. 
Single errors in Spanish Fave a chance 
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Fig 2.—Tracing of lateral view of right cerebral hemi- 
sphere of case 2, constructed from venogram, with sites 
of electrical stimulation marked by relation to cortical 
veins. Symbols at each site show the evoked changes in 
naming in English (above) or Spanish (below). Dotted 
circle, motor or sensory effects evoked at that site. 





probability exceeding 30%. 

The pattern of localization for either 
language considered by itself is similar to 
that described previously using this tech- 
nique of stimulation mapping in the more 
usual left hemisphere dominance in other 
patients.** This is further confirmation of 
the intracarotid sodium amytal test, in that 
this case represents a true reversal of 
dominance, with the usual pattern but in 
the right side of the brain. 

As in the previous case, there are areas 
where both languages are equally sensitive 
to disruption by stimulation, and other 
areas with differential effects on the two 
languages. Two of the 22 sites showed 
more than a single error in both languages, 
although in each case only the change in 
English reaches the 5% level of statistical 
significance. Seven sites appear to show 
differential effects, with more than a 
single error in one language and no error or 
only a single nonsignificant error in the 
other language. Of these seven sites, four 
show changes in Spanish, of which two 
reached the 5% level of statistical signifi- 
cance, while three show changes in English, 
all of which are statistically significant at 
that level. 

At the frontal site marked by the single 
arrow in Fig 2, five samples of naming 
were obtained in each language. In 
English, the patient named "chair," "coat," 
"turtle," "bed," and "comb" correctly. In 
Spanish, the patient had a total arrest of 
speech during the naming of "broom," 
"ear," and "knife"; she omitted the name 
but pronounced the test phrase on "key" 
and misnamed "pencil." Not only is this a 
statistically significant disruption of Span- 
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isa (P < .01), but performance on the two 
languages is statistically significantly dif- 
ferent, at the less than 1% level, analyzed 
wth Fisher’s exact probability test.’ At the 
immediately adjacent frontal site, identi- 
by the double arrows, there was an 
mest of speech on English naming of 
by,” “bus,” and “lamp,” while “bear” 
ard "knife" were correctly named. This is a 
statistically significant disruption of Eng- 
lich (P — .01). In Spanish, "baby," "ball," 
"boat," and "house" were named correctly; 
‘chicken” was misnamed. No arrests of 
speech occurred. Although the difference 
im performance at this second site on the 
two languages does not reach statistical 
significance (P>.10), it suggests that 
here English has been more easily 
disturbed by stimulation. There seems to 
be a differential representation of the two 
laaguages, even at sites on adjacent gyri 
separated by less than 0.5 em. Similar 
diferential performance can be noted at 
temporal lobe sites. 


COMMENT 


The pattern of organization of the 
two languages as indicated by stimu- 
lazion mapping during a naming task 
seems to be the same in both patients. 
Within the center of the language 
area for each patient, there appear to 
be sites common to both languages. 
Tais i is most striking in case 1, where 
the sites adjacent to the Sylvian 
fissure both frontally and parietally 
ame common to both Dutch and 
Eaglish. It is evident only in the 
pesterior temporal lobe in ease 2. 
Peripheral to this, in both anterior 
ard posterior language areas in both 
cases, are sites with differential 
organization of the two languages. 
Taere is a tendency for those sites 
concerned with a given language to 
claster together. For example, in the 
frontal language area several sites in 
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case 1, where only English was signif- 
icantly disturbed, lie together along 
the middle frontal gyrus. Also, several 
sites with only Spanish involvement 
can be identified along the middle 
portion of the middle temporal gyrus 
in ease 2. The differential involve- 
ment is sufficiently marked so that in 
each case there is at least one site 
where one language is disturbed on 
every sample, the other not at all. At 
one site in case 2, this difference 
achieves statistical significance. Each 
case also shows sites involved in 
different languages on adjacent gyri, 
separated by less than 1 cm. Each 
language tested showed sites of 
differential representation, regard- 
less of the accuracy of naming in that 
tongue. However, each patient's sec- 
ond language, English in case 1 and 
Spanish in case 2, seems to be repre- 
sented in a wider area of cortex than 
the patient's primary language. This 
may only reflect greater difficulty in 
naming in second languages. Howev- 
er, it also suggests the hypothesis that 
during the course of acquisition of a 
language, initially a large number of 
neurons located over a wide area of 
cortex are needed for execution of 
naming in that language, and that as 
proficiency in the language pro- 
gresses, or with continued use, the 
number of neurons or the areas of 
cortex necessary for executing nam- 
ing or both shrink. 

It is not surprising that the study of 
language changes after brain lesions 
has not clearly demonstrated this type 
of differential organization of multi- 
ple languages. Few of these lesions 
are so small as to involve only the sites 
where we found differential effects. 
However, the wide variation in lan- 
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guage patterns of polyglot aphasies 
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Autoreactivity Between Lymphocytes 


and Thymus Cells in Myasthenia Gravis 
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e Thymus cell preparations from four of 
five myasthenia gravis patients with thy- 
mic hyperplasia and from one additional 
patient with thymic involution stimulated 
autologous peripheral blood lympho- 
cytes. No autostimulation was observed in 
two patients with thymoma. Autostimula- 
tion was associated with an increase in 
the fraction of B lymphocytes in the 
thymus. 

(Arch Neurol 35:413-415, 1978) 


T 1974 Abdou et al' reported that 
peripheral blood lymphocytes 
from patients with myasthenia gravis 
sometimes were stimulated by autol- 
ogous thymus cells in the mixed 
lymphocyte culture (MLC) assay. This 
autostimulation was found in six 
patients with thymic hyperplasia but 
not in four patients with thymoma. 
Subsequently, several investigators 
have reported contradictory data. 
Cook et al’ failed to find autologous 
stimulation in 12 myasthenia gravis 
patients. Richman et al,* Lisak et al, 
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and Birnbarm and Tsair s? only rarely 
observed au-ologous stimulation. Fur- 
thermore, the results of these studies 
were inconsistent with respect to a 
possible relationship be-ween thymic 
hyperplasia. the percentage of B 
lymphocytes in the thymus, and autol- 
ogous MLC stimulation by thymus 
cells. 

We stud:ed eight patients with 
myasthenia gravis who were treated 
by thymectcmy. Our resalts show that 
the thymus of certain »5atients with 
myasthenia gravis contzins cells that 
stimulate autologous pe-ipheral blood 
lymphocytes under MLS conditions. 
These “abnermal” stimulatory thymic 
cells bind antihuman immunoglobulin 
to their surface and may be related to 
B lymphocy-es. 


PATIENTS AND METHODS 
Patients 


The diagnosis of myasthenia gravis was 
made on the clinical basis əf intermittent 
weakness and fatigue of sxeletal muscles 
that could be partially rewersed by anti- 
cholinesterase medication. The clinical im- 
pression was corroborated 5y decremental 
muscle electric response to sepetitive nerve 
stimulation and/or elevatee antibody titer 
to acetylcholine receptor. Ir the absence of 
radiological evidence of thymoma, elective 
thymectomy was advocated because of 
progressive generalized myasthenia with 
less than satisfactory respense to anticho- 
linesterase medication. 


Methods 


Thymus Specimens.—-Thymectomy was 
performed through a median sternotomy 
incision, Sterile thymectomy specimens 
were examined grossly and their size and 
weight recorded. Pieces of tissue sampled 
from different areas were fixed in 10% 
buffered formaldehyde and tissue sections 
were stained with hematoxylin-eosin for 
microscopic examination. Other samples of 
the sterile unfixed thymic tissue were 
minced and thymic cell suspensions pre- 
pared under sterile conditions by Ficoll- 
Hypaque gradient separation. 

Mixed Lymphocyte Cultures.—Peripheral 
blood lymphocytes were obtained from 
heparinized venous blood by the Ficoll- 
Hypaque technique. One-way MLC was 
done using micromethods described.’ All 
experiments were performed in triplicate 
and counts per minute (CPM) given are 
mean CPM of triplicate cultures + stan- 
dard error. Stimulation ratios were calcu- 
lated by dividing the mean CPM of an 
experimental culture by the mean CPM of 
the appropriate responder cells’ back- 
ground control culture. A stimulation ratio 
of 2.3 was considered significant.* 

T and B Cells.CEnumeration of T 
lymphocytes was carried out by the sheep 
red blood cell (SRBC) rosetting technique, 
and enumeration of B cells by staining 
with fluorescein-labeled polyvalent goat 
antihuman immunoglobulin as described.’ 


RESULTS 


Tables 1 and 2 summarize the 
results obtained in eight consecutive 
patients with myasthenia gravis 
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Table 1.—Clinical Data 


Thymus Cells 


Patient/ 
Sex/Age, yr 
1/F/25 


Clinical 
Manifestation 


Severe 
Moderate 
|- 9/F/27 Mild 

|. 4/F/20 Mild 

|. 5/M/20 Mild 

|J 6/F/50 Severe 

| 7/F/32 Moderate 
.. 8/M/61 Severe 


Thymus % E 
Morphology Rosettes 


Hyperplasia 
Hyperplasia 
Hyperplasia 
Hyperplasia 

- Hyperplasia 
Involuted thymus 
Thymoma 
Thymoma 


% Immunofluorescent 
Positive 


Table 2.—Mixed Leukocyte Culture Results 
CPM + SE (Ratio) 


Response of Patient’s Peripheral 
Blood Lymphocytes to Response of 
Unrelated Control to 
Unrelated  —————— —————^———————À 
Control Patient's Patient's 


Patient Lymphocytes Cells Lymphocytes Lymphocytes Thymus Cells 
| 6,583 + 366 12,054 + 865 10,089 + 880 32,223 + 4,307 
(36.1)t (66.1) (12.9) (41.2) 
5,146 + 782 3,799 + 361 2,974 + 252 
(137.2) (4.1) (3.2) 
1,840 + 110 8,319 + 536 8,506 + 163 16,367 + 873 
(9.7)t (43.8) (8.5) (16.3) 
6,188 + 117 4,668 + 291 8,025 + 359 
(26.8) (7.3) (12.5) 
7,489 + 319 8,926 + 387 7,548 + 924 
(7.7) (15.6) (13.2) 
1,984 + 228 6,509 + 1,381 5,523 + 374 6,128 x 371 
(7.7) (25.2) (43.8) (47.8) 
850 + 105 4,016 + 731 6,228 + 793 7,244 + 1,279 
(0.8) (3.7) (38.1) (44.4) 
5,173 + 392 4,908 + 517 3,907 + 407 
(33.6) (11.2) (8.9) 


| 
| Autologous 
| Autologous Thymus 


“Number in parenthesis indicates ratio. 
+ hese results are “positive,” ie, above the range considered negative. 


Table 3.—Results of Mixed Cultures With Fractionated Cells 


Stimulator Cells (Irradiated), CPM (Ratio) 


Peripheral Blood 
Lymphocytes 
(Allogeneic 


Peripheral Thymus Cells 
Blood T-Rich 
Lymphocytes ( — 1% IF*) 
(Patient 1) (Patient 1) (Patient 1) Control) 
Peripheral blood 94 + 27 2,643 + 480 2,931 + 36 
lymphocytes 1.3) (36.0) (40.0) 

|. (patient 1) 

Peripheral blood 3,341 + 804 2,720 + 340 11,950 + 807 295 + 98 
lymphocytes (11.3) (9.2) (40.5) (1.0) 
(allogeneic 
control) 


Thymus Cells 
B-Rich 
(64% IF) 


Responder Cells 


“IF indicates immunofluorescent positive cells. 
TNumber in parenthesis indicates ratio. 
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treated by thymectomy. Four of five 
patents with thymic hyperplasia 
showed stimulation of peripheral 
bloed lymphocytes by autologous thy- 
mus cells (Table 2). In one patient (No. 
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4), this stimulation was weak and of 
borderline significance. One addition- 
al patient (No. 6) with a partially 
involuted thymus also showed autore- 
activity. Autologous stimulation was 


not observed in two patients with 
thymomas. The last three columns of 
Table 2 gives the results of control 
experiments in which the patient's 
peripheral blood lymphocytes as re- 
sponders as well as their lymphocytes 
and thymus cells as stimulators were 
found competent to react with lym- 
phocytes from unrelated controls. 

All five patients with autostimula- 
tion had an elevated percentage of B 
cells in their thymus (14% to 40%) 
(Table 1) The percentage of B 
lymphocytes in seven normal thy- 
muses removed from nonmyasthenic 
patients undergoing cardiac surgery 
varied from 2% to 4%. No autoreactiv- 
ity was observed in two control indi- 
viduals in whom autostimulation ex- 
periments were performed. 

To answer the question of whether 
autologous stimulation by thymus 
cells was directly related to the 
presence of B lymphocytes in the 
stimulator population, thymus cell 
suspensions from one patient (No. 1) 
were separated into a T-rich and a 
B-rich fraction by rosetting with 
SRBC and subsequent centrifugation 
over Ficoll-Hypaque as described. 
The T-rich pellet fraction contained 
<1% B cells, whereas the B-rich inter- 
face fraction contained 64% B cells. 
When these fractions were used as 
stimulator cells against unfraction- 
ated autologous peripheral blood lym- 
phocytes, strong stimulation was ob- 
served with the B-rich fraction only 
(Table 3). When the T-rich fraction of 
thymus cells was used as the respond- 
er cell and B-rich thymus cells as 
stimulators, no autostimulation was 
observed. T-rich responder cells gave a 
background CPM of 163 + 25, and 
with addition of B-rich stimulators 
the CPM were 169 + 35. The T-rich 
thymus cell fraction responded moder- 
ately well against allogeneic peripher- 
al blood lymphocytes (1,243 + 48 
CPM), indicating that the cells were 
immunocompetent. 


COMMENT 


Our results confirm the reported 
autologous stimulation of peripheral 
blood lymphocytes by thymus cells in 
patients with myasthenia gravis.' 
Whereas Abdou et al' have reported 
this finding only in patients with 
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thymic hyperplasia, we observed au- 
tologous stimulation in a severely 
affected patient with thymic involu- 
tion. Birnbaum and Tsairis have 
reported autoreactivity in a patient 
with thymoma. Thus, it appears that 
autologous stimulation of peripheral 
blood lymphocytes by thymus cells is 
not restricted to thymic hyperplasia. 

Stimulation of autologous peripher- 
al blood lymphocytes by the B-rich but 
not the T-rich fraction of thymus cells 
(Table 2) strongly suggests that the 
anti-immunoglobulin-binding B cells 
are responsible for this effect. This is 
not entirely unexpected since B-rich 
but not T-rich fractions of peripheral 
blood lymphocytes have been shown to 
strongly stimulate allogeneic lympho- 
cytes in MLC.* Recently, we and 
others have noted that B-rich periph- 
eral blood lymphocytes are able to 


1. Abdou NI, Lisak RP, Zweiman B, et al: The 
thymus in myasthenia gravis: Evidence for 
altered cell populations. N Engl J Med 291:1271- 
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2. Cook JD, Trotter JL, Engel WK, et al: 
Altered immunologic cell populations in thy- 
muses from myasthenia gravis patients, ab- 
stracted. Newrology 11:365, 1977. 

3. Richman DP, Patrick J, Arnason BGW: 
Cellular immunity in myasthenia gravis: Re- 
sponse to purified acetylcholine receptor and 
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698, 1976. 

4. Lisak RP, Zweiman B, Phillips SM: Thymic 
and peripheral blood T-cell and B-cell levels in 


Arch Neurol—Vol 35, July 1978 


aam ae i ee 


DOO TRU eee ee Le 


ur 
» y 


stimulate autologous unfractionated 
peripheral blood — lymphocytes."'^ 
While we do not have direct evidence, 
it seems possible that immu- 
noresponse-associated-like antigens, 
which are expressed only on non-T 
cells and are known to cause stimula- 
tion in allogeneic MLC, are the stimu- 
lating antigens in this autologous 
reaction. Thus, autostimulation by 
thymic cells in patients with myasthe- 
nia gravis is not necessarily evidence 
for the presence of "abnormal" cells. 
Rather, it may be related to the "ab- 
normal" presence in the thymus of an 
increased number of B lymphocytes. 
However, the significant stimulation 
of peripheral lymphocytes by thymus 
cell suspension containing as few as 
15% to 20% immunofluorescence posi- 
tive cells (Tables 1 and 2), a level 
similar to that in the peripheral blood, 
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Transient Emboligenic Aortoarteritis 


Noteworthy New Entity in Young Stroke Patients 


H:mansu R. Wickremasinghe, MBBS, DPath, PhD; Jayantha B. Peiris, MD, MRCP; 
Pujitha N. Thenabadu, MD, MRCP; Abdual H. Sheriffdeen, MB, FRCS 


» The clinical and postmortem anatom- 
ical data in a group of ten patients with 
occlusive cerebrovascular disease in the 
15 to 40-year age group were studied. 

The occlusion of the peripheral supply 
arry in the brain in all cases was found 
to be due to thromboemboli generated 
fram focal thrombotic lesions situated 
preximally in the aorta and elastic arterial 
trunks arising from it. These central 
thrombotic lesions were caused by a tran- 
sient form of focal aortoarteritis that 
primarily affects medial elastic tissue 
underlying the thrombi. This is a new 
disease entity, distinct from Takayasu's 
and other forms of segmental aortitis. 

The pathogenesis of occlusive cere- 
brevascular disease in the young remains 
obscure in a majority of cases. In this 
coatext, the definition of this new entity is 
an important contribution to the under- 
standing of nonatherogenic occlusive 
cesebrovascular disease. 

Arch Neurol 35:416-422, 1978) 


Ithough arterial thrombosis has 
L been recognized as a cause of 
chidhood hemiplegia for nearly a 
century,’ and a high incidence of 
strokes in patients of younger ages 


has been recognized in Asian coun- 
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tries,’ pathological material has been 
scanty and the etiopathogenesis inad- 
equately explained. A clinical and 
pathological study of the pattern of 
ischemic disease in the young (pa- 
tients less than 40 years of age) has 
been continuing at our institution 
since 1968. Postmortem data have 
been available in 50 cases of stroke in 
which the patient was less than 40 
years of age. The findings in ten of 


these cases contribute new knowledge 
to the understanding of nonatheroma- 
tous thrombosis in cerebrovascular 
disease in juveniles and young 
adults. 


MATERIALS AND METHODS 


A complete postmortem examination 
was carried out in all cases; this included a 
detailed examination of the arterial sys- 
tem. The extent of atheromatous change 
was quantitatively estimated from trac- 


Table 1.—Anatomical Data 


Patient/ 
Sex/Age, yr 


1/M/34 
2/F/16 


Clinical 
Presentation 


Left hemiparesis 

Headache, vomiting, 
conjugate deviation 
of eyes to left 

Right hemiparesis and 
seizures, 1966, left 
hemiparesis, 1970 


3/M/16 


4/M/30 
of consciousness 


5/M/19 Left hemiparesis 


Angiography 
Not done 
Not done 


Left middle cerebral 
occlusion 


Left hemiplegia and loss Right middle cerebral 
occlusion 


Right internal carotid 


Findings of - 


Carotid Brain 


Infarct Sites 
Right parietal 


Right and left cerebella 
hemispheres and 
upper brain stem 


Left parietal and right 
parietotemporal 
Right parietal 


Right parietal 


and middle cerebral 
occlusion 


6/F/31 Right hemiparesis, loss 


of consciousness 
Right hemiplegia and 
hemianesthesia 


7/F/23 


Normal right and left 


Normal left 


Left Frontoparietal 


Left parietal 


8/F/24 Left hemiplegia Not done Right parietal 


9/M/27 Quadriparesis, loss of 


consciousness 


Right and left internal 
carotid and middle 


Right and left 
temporoparietal 


cerebral occlusion 


10/M/36 Left hemiparesis, loss 


of consciousness 


Right internal carotid 
and middle cerebral 


Right temporoparietal 


occlusion 
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Case 10 





Fig 1.—Sites of arterial pathology. Left, Peripheral (circle of Willis). Right, Central (aortic 


arch and main cervical arterial trunks). 


ings of the aorta and arterial trunks, and 
was expressed as a percentage of the total 
area. 

Blocks of tissue from myocardium, lungs, 
liver, spleen, kidneys, adrenals, and long, 
rolled strips of aorta and arteries were 
examined histologically, as were lesions 
detected in any organ. 

A highly sensitive demonstration of 
lamellar elastic tissue in the aorta and 
arteries was obtained by examining sec- 
tions stained with hematoxylin and etha- 
nol-soluble ethyleosin in transmitted ul- 
traviolet light. The elastic tissue emitted a 
specific bright yellow fluorescence. 

Clinical, radiological, and laboratory 
findings were reviewed and recorded in all 
cases. 
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RESULTS 


Clinical, radiological, and postmor- 
tem anatomical data in each of the ten 
cases are summarized in Table 1 and 
Fig 1. 

Clinical Presentation.—Hemiparesis 
and hemiplegia of sudden onset was 
the presenting feature in eight cases; 
quadriparesis was the presenting fea- 
ture in one. In case 2, the presenting 
features indicated a posterior fossa 
lesion with raised intracranial pres- 
sure. 

Previous recurrent attacks of hemi- 
paresis had occurred in patient 1. In 
case 7, a history of fainting attacks 





Fig 2.—Aortic arch and arterial trunks aris- 
ing from it show mural thrombus in root of 
innominate artery (arrow) and thromboem- 
bolus in right internal carotid artery 
(arrow). 


during the preceding month has been 
recorded. Two separate incidents of 
hemiparesis within a period of four 
years were seen in case 3. 

Age and Sex.—Three patients were 
less than 20 years, and three were 
more than 30 years of age. There were 
six men and four women. 

Blood Pressure.—In nine cases, dia- 
stolic blood pressure was between 70 
mm Hg and 80 mm Hg. A diastolic 
pressure of 100 mm Hg was recorded 
at the time of admission in case 3. 

Angiography.—Carotid angiography 
was performed in seven cases: contra- 
lateral to the hemiparetic side in five 
cases, and bilaterally in two cases. 
Arterial occlusion was demonstrable 
in five of these (Table 1). 

In case 9, both internal carotid 
arteries were occluded; in the cervical 
and intracranial parts on the right, 
and in the intracranial part on the 
left. 


POSTMORTEM FINDINGS 


In all ten cases, there was evidence 
of recent cerebral infarction. In case 8, 
in addition to the recent infarction of 
the right cerebral hemisphere, there 
was an old infarct in the central, 
midcerebral artery territory of the 
left hemisphere. 

Oeclusion of a segment of the 
peripheral supply artery to the in- 
farcted region was seen in eight of the 
ten cases. In all ten cases, small, 
sharply demarcated mural thrombi or 
raised sclerotic plaques, ranging from 
0.25 to 1 sq em in area, were seen on 
the intimal surface of one or more 
central elastic arteries (ie, the aorta, 
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innominate artery, and the two com- 
raon carotid and proximal subclavian 
arteries). Figure 2 illustrates the topo- 
graphical relationship of the occlusion 
i» the peripheral supply artery to the 
intimal lesion in the central elastic 
artery seen at postmortem in case 9. 
The topographical relationship seen in 
each of the ten cases is depicted 
diagrammatically in Fig 1. 


ARTERIAL PATHOLOGY 


In all ten cases, active or healed 
inflammatory lesions were seen in the 
arterial wall, underlying either the 
intimal mural thrombi or the sclerotic 
paques in the central elastic arteries. 
These inflammatory lesions involved 
tae middle and outer third of the 
media. 

Active lesions consisted of clusters 
of acute exudative inflammatory foci, 
each about 200 to 300 u in diameter, 
lecated around dilated vasa vasorum 


Lco dia b "Oe EA si “SA 


Fig 3.—Focal perivascular inflammatory lesions in media of 
inaominate artery (hematoxylin-eosin, original 


x200). 
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exudate consisted of polymorphonu- 
clear leukocytes, macrophages, lym- 
phocytes, and occasional plasma cells 
(Fig 4). Some of the macrophages 
were large cells with large, lobulated 
nuclei. There was fragmentation and 
depletion of lamellar elastica in and 
around these inflammatory foci in the 
media. 

Edema and connective tissue hyper- 
plasia were seen within the intima 
overlying these medial lesions, while 
organizing thrombi were consistently 
seen on the luminal surface of the 
swollen intima (Fig 5). The mural 
thrombus was adherent to the small 
patch of intima overlying the inflam- 
matory lesion in the media. In some 
cases, a propagated thrombus ex- 
tended distally into the lumen from 
the mural thrombus, causing complete 
occlusion. 

Healed lesions consisted of sharply 
defined, small foci of fragmentation 
and depletion of lamellar elastic, with 
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replacement fibrosis scattered round 
small vasa vasorum within the media 
(Fig 6). Inflammatory cells were 
absent or sparse. An organizing mural 
thrombus was seen on the intimal 
surface overlying a healed medial 
lesion in one case. More commonly, the 
thrombus was completely replaced by 
fibrous plaques. — . 

The features of the 15 central arte- 
rial lesions seen in the ten cases are 
summarized in Table 2. Of the 15 
lesions seen in the ten cases, nine were 
active and six were healed. Mural 
thrombus was associated with all nine 
active lesions, but was associated with 
only one of the healed lesions. Seven 
of the active lesions were of less than 
ten days' duration; five of the six 
healed lesions were of more than three 
weeks' duration. 


Peripheral Supply Arteries 


In eontrast to the central elastic 
arteries, the walls of the peripheral 








AUD Nr 





Fig 4.—High magnification of perivascular inflammatory lesion in 
media (hematoxylin-eosin, original magnification x 400). 
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Fig 5.—Left, Section of innominate artery shows localized swell- 
ing of intima (A) and mural thrombus (B) overlying inflammatory 
lesion in media (C) (hematoxylin-eosin, original magnification 
x 1.5). Right, Same photomicrograph ( x 25). 
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Fig 6.—Left, Healed lesion shown under transmitted light. Right, Identical field with fluorescent light, to 
show nonfluorescent dark areas due to fragmentation and loss of lamellar elastic. 
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Table 2.—Nature and Extent of Central Arterial Lesions 


| intimal Lesion 


LS 


Area, sq cm 


Nature 
3 Thrombus 
4 Thrombus 
6 Thrombus 
7 Thrombus 
10 Thrombus 
11 Thrombus 
| 12 Thrombus 
13 Thrombus 


n 


1 


Sclerotic plaque 


. *Indicated in diagrams on Fig. 1. 


0.25 
0.75 
0.25 
1.0 
0.25 
0.5 
0.5 
0.25 


0.5 


Nature of 
Medial Lesion 


Active 
Active 
Active 
Active 
Active 
Active 
Active 
Active 


Duration, 
Days? 
10 


I ^ (M ce Oc A ASMEUT ee 
|. 2 Sclerotic plaque 025 .  Hesled 28 | 
5 0 


Healed 





TInterval between clinical manifestation of infarction and death of patient. 


iFour years. 


pply arteries to the brain were 
mpletely normal or showed a few 
lymphocytes around the adventitial 
sa vasorum. Histologically, obstruc- 
n in these vessels (Table 1) was due 
recent or organizing thromboembo- 
lus. 
The small peripheral arteries and 
erioles in blocks of tissues from 
brain, myocardium, lungs, liver, 
leen, kidneys, and adrenals were 
stologically normal. 


! Other Anatomical Data 


Small, active tuberculous lesions of 
the lungs were detected in two 
tients, and tuberculosis of cervical 
ph nodes was seen in one. 

There was no evidence of para- 
erial cellulitis or fibrosis in the 
eck. The heart and abdominal viscera 
re normal in all cases. The absence 
of hypertrophy of the left ventricular 

ocardium indicated the absence of 

ticeable hypertension. No embolic 
: om were found in any organs 







er than the brain. There was no 
stmortem anatomical or histological 
idence pointing to rheumatic and 
rheumatoid disease,  polyarteritis, 
poral arteritis, vasculitis, or sys- 
ic lupus erythematosus. 

The extent of atheroma in the aorta 
d the cervical trunks arising from it 
is shown in Table 3. The circle of 
illis and the coronary arteries were 
devoid of atheromatous plaques 
in all ten cases. 
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LABORATORY INVESTIGATIONS 


The VDRL, antinuclear antibodies, 
rheumatoid factor, and antistreptoly- 
sin O titer were all normal. The ESR in 
the first hour was in the range of 25 
mm to 75 mm in six of the eight 
patients with active lesions. The ESR 
was less than 20 mm in the two 
patients with healed lesions only. 


REPORT OF 
A REPRESENTATIVE CASE 


A 16-year-old boy was admitted to the 
neurosurgical unit in June 1966 with a 
history of Jacksonian seizures and hemi- 
plegia of sudden onset, both on the right 
side. The heart and great vessels, lungs, 
and abdominal organs were clinically 
normal. Carotid angiography showed an 
occlusion of the left middle cerebral artery 
just beyond its origin; this was the only 
abnormality. The patient left the hospital 
with a residual weakness of the right 
side. 

He began to have seizures on the right 
side in 1967. In July 1970, at the age of 20 
years, he was readmitted unconscious to 
the hospital. He had had a second stroke 
involving the left side. In addition, he had 
residual weakness of the right side from 
the first stroke in 1966. The patient died on 
the second day after admission. 

A complete postmortem examination 
was undertaken. The brain weighed 1,200 
g. There was a large depressed scar (an old 
infarct) in the left parietal lobe. A segment 
of the left middle cerebral artery in the 
distal end of the Sylvian fissure was hypo- 
plastic and occluded by fibroplasia. There 
was a massive hemorrhagic infarction of 
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Table 3.—Atheroma as Percentage 
of Total Area 


Plaques Streaks 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Fig 7.—Upper surface of brain; old (left) 
and recent (right) parietal infarcts. Aortic 
arch shows mural thrombus in root of 
innominate artery and fibrous plaque in 
root of left common carotid artery 
(arrow). 


the right parietal and temporal lobe (Fig 
7). About 1.5 em of the proximal right 
middle cerebral artery was occluded by a 
recent thromboembolus. A mural throm- 
bus, approximately 0.75 sq cm in area, was 
seen on the intimal surface at the root of 
the innominate artery. A white sclerotic 
plaque, 0.5 sq cm in diameter, was found on 
the aortic intima close to the ostium of the 
left common carotid (Fig 7). 

Histological examination showed an ac- 
tive medial inflammatory lesion underly- 
ing the thrombus in the innominate artery 
and a healed medial lesion underlying the 
sclerotic aortic plaque at the origin of the 
left common carotid artery. 

Apart from these two lesions, the aorta 
and the main arterial trunks arising from 
it were normal and completely devoid of 
atheroma. A tuberculous granuloma ap- 
proximately 3 mm in diameter was identi- 
fied in the right lung apex. All other 
organs were normal. 


COMMENT 


The findings in the group of ten 
cases of cerebral infarction in the 
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young define a distinct clinicopatho- 
logical entity, the pathognomonic fea- 
tures of which can be conveyed in the 
name “transient emboligenic aortoar- 
teritis” (TEA). 


Pathogenesis and Natural History 


The following combination of fea- 
tures characterizes the pathogenesis 
and natural history of TEA. 

1. The central arterial lesions are 
primary. They are confined to the 
aorta, innominate and common carot- 
id arteries, roots of internal carotid, 
and subclavian arteries. These are 
classified histologically as elastic ar- 
teries? because of their predominant 
component of medial lamellar elastica. 
More than one lesion may appear at a 
time, at widely separate sites. 

2. The earliest change seen in the 
primary lesion is focal fragmentation 
of elastic lamellae in the media, 
together with medial arteritis charac- 
terized by one or a cluster of acute 
exudative inflammatory foci. Al- 
though inflammatory foci do not 
extend into it, the intima overlying 
the medial lesions become edematous, 
and a mural thrombus forms on its 
endothelial surface. Injury to the 
arterial wall produces associated mu- 
ral thrombosis on the overlying inti- 
ma.* On the other hand, inflammatory 
lesions in the underlying media have 
not been described in experimentally 
induced mural thrombosis.’ The mural 
thrombosis observed in TEA must 
therefore be a result, not the cause, of 
the medial inflammatory lesions. 

3. Embolization from the mural 
thrombi causes stenosis or occlusion of 
intracranial arteries and consequent 
cerebral ischemia of variable extent, 
intensity, and duration. Clinically, 
this manifests as episodes of transient 
ischemic attacks, strokes in evolution, 
or as completed stroke. 

The topography of the thrombotic 
lesions of central elastic arteries rela- 
tive to the infarcted territory and the 
occluded supply arteries confirms the 
thromboembolic pathogenesis of the 
stroke. | 

4. Medial lesions heal, leaving small 
foci of fibrosis depleted of elastic 
lamellae. Concurrent organization of 
the mural thrombus leaves a small, 
sclerotic white plaque on the surface 
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of the intima overlying the medial 
scar. The process of fibrosis and heal- 
ing of medial and intimal lesions 
usually occurs in three to four weeks. 

5. Intermittent attacks of cerebral 
ischemia may result from repeated 
embolization from mural thrombi as- 
sociated with one or more primary 
central arterial lesions. The latter may 
reccur and precipitate ischemic at- 
tacks even after an interval of several 
years. Summation of such repeated 
episodes of thromboembolism may 
lead to extension of arterial oeclusion 
in the circle of Willis. 

6. Degenerative atherosclerosis 
plays no part in the pathogenesis of 
the primary arterial lesions. 

7. The ESR is increased during the 
histologically active stage of the 
primary aortoarteritis. With healing, 
this may return to normal. 


Origins 


A detailed analysis of clinical, labo- 
ratory, and postmortem data estab- 
lishes that there is no association of 
TEA with rheumatic fever, rheuma- 
toid disease, polyarteritis, systemic 
lupus erythematosus, temporal arteri- 
tis, polymyalgia rheumatica, Ta- 
kayasu’s segmental aortitis, or syphi- 
lis. There was neither associated trau- 
ma nor cervical cellulitis. However, 
three of our findings may provide an 
important lead to the origins of 
TEA. 

1. The lesions are tissue-specific in 
that only the elastic arteries are 
affected by the primary medial arter- 
itis. The histological appearances also 
indicate that elastic tissue is the 
primary target. 

2. The focal medial lesions in some 
ways resemble the Aschoff foci of 
rheumatic fever in their appearance 
and evolution. However, rheumatic 
fever can be excluded on the clinical, 
postmortem anatomical, and serologi- 
cal findings. 

3. There were 30 cases of tuberculo- 
sis and ten cases of TEA in 300 con- 
secutive postmortem examinations. A 
chance association of tuberculosis 
with TEA could therefore be expected 
in one in 300 postmortems, whereas 
the actual association was thrice as 
much. On the other hand, there was no 
histological or bacteriological evidence 


suggestive of tuberculous origin in the 
arterial lesions or in the periarterial 
tissue. 

Taken together, these findings have 
prompted the speculation that the 
characteristic tissue specificity and 
histological appearance of the arterial 
lesion may be linked to the anatomi- 
cally and histologically separate tu- 
berculous lesions by an immunopatho- 
logical process in which a tubercle 
bacillus antigen plays a part. 


TEA and Takayasu’s Disease 


Humphrey and Newton* found only 
two cases of aortic arch syndrome in a 
review of 119 cases of stroke in the 
young due to internal carotid occlu- 
sion. Nonspecific segmental aortitis of 
the Takayasu type was not associated 
with any of the cases of TEA. 

Clinieally and pathologically, the 
natural history of TEA is that of an 
intermittent, acute, transient disease 
caused by focal exudative inflamma- 
tory lesions that heal in a few weeks, 
while Takayasu's disease is character- 
ized by a chronic inflammatory pro- 
cess that spreads diffusely or segmen- 
tally in. the aorta. There is a strong 
female preponderance on the order 5:1 
in Takayasu's disease, whereas the 
female to male ratio in TEA is 2:3. 

In view of the distinctive clinical 
and pathological differences and rari- 
ty of its association with Takayasu's 
disease, it appears likely that TEA is 
an entity that is not a prodrome of 
Takayasu's disease. 

On the other hand, the lesions of 
Takayasu's disease have in common 
with TEA specificity for elastic tissue 
and an association with tuberculo- 
sis.*'^ This is suggestive of common 
pathogenetic mechanisms. 


Importance of TEA 


A review of the literature brings to 
light the fact that the origins of occlu- 
sive cerebrovascular disease (includ- 
ing the Moyamoya variety) in chil- 
dren, juveniles, and young adults 
remains obscure in a majority of 
cases,^5.- Atherosclerosis, diabetes, 
and hypertension, which are common- 
ly implicated in the older age groups, 
have been found to be rare in the 
young age groups.^5'??? An infective 
cause, resulting from the spreading of 
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cervical cellulitis, has been sug- 
gested,'':'**'? but this remains uncon- 
firmed. A thromboembolic pathogene- 
sis has not been considered, perhaps 
due to the absence of a demonstrable 
source of thromboemboli. 

Taveras' has described moyamoya 
as "multiple progressive intracranial 
arterial occlusion." This may well be 
tae result of summation of multiple 
taromboemboli occurring over a peri- 
od of time, as occurred in the patient 
ir the case report. We have reviewed 
tae clinical, radiological, and patholog- 
ical data in the literature on strokes in 
young people due to occlusive cere- 
brovascular disease, and find that 
taey are consistent in many cases with 
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a thromboembolic pathogenesis, al- 
though the central source of throm- 
boemboli is not evident. 

The conspicuous clinical, radiologi- 
cal, and pathological manifestations 
of TEA are due to occlusion of the 
peripheral supply arteries to the brain 
by thromboemboli, the source of 
thromboemboli being mural thrombi 
in one or more of the central elastic 
arteries (ie, the aorta, innominate and 
common carotid arteries, and root of 
the subclavian artery), which are the 
site of inconspicuous, focal thromboar- 
teritis. But, it is noteworthy that the 
latter, while generating the throm- 
boemboli which cause conspicuous 
clinical manifestations, could remain 
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undetected angiographically and in 
biopsy material because to their 
restricted focal nature. ! 
Although in the large majority of 
cases of stroke in young people record- 
ed in the literature central arterial 
lesions have not been detected, a criti- 
cal evaluation indicates that this could 
be due to limitations and inadequacy 
of investigative observations. In fact, 
evidence of central arterial lesions 
have been recorded in few cases of 
stroke in the young.*'?!*^? The possi- 
bility that cases reported in the litera- 


ture have included unrecognized cases 
of TEA should be considered. 
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€ A chronic sensory neuropathy was 
the initial symptom in a case of Walden- 
stróm's macroglobulinemia in a 53-year- 
old woman. 

Ultrastructural analysis of a biopsied 
peripheral nerve revealed a modification 
of the lamellar structure of the myelin 
sheath. Immunofluorescent microscopy 
showed IgM-positive deposits on the 
myelin sheath. The monoclonal globulin 
(M component) present in the myelin 
appears to be a causative factor in the 
neuropathy. 

(Arch Neurol 35:423-425, 1978) 


lyneuritis may be associated with 

25% of the cases of Walden- 
strom’s macroglobulinemia. When 
present, it is the primary symptom in 
40% of the cases. Generally, there is an 
accompanying complex of symptoms 
that aids in the diagnosis: anemia, 
hemorrhagic diasthesis, adenopathy, 
hepatosplenomegaly, and decline in 
general health. Biological studies con- 
firm the diagnosis by the demonstra- 
tion of macroglobulinemia associated 
with a lymphocytic infiltration of the 
bone marrow. 

The pathogenesis of this neuropa- 
thy is still a matter of heated discus- 
sion. Iwashita et al’ recently reviewed 
the different possible mechanisms, 
which included cellular infiltration of 
the nerve,’ deficit in cocarboxylase,' 
PAS-positive substance that has been 
found in the perineurium and in the 
endoneurium,’ amyloidosis," hyper- 
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viscosity, and interactions between 
immunoglobulins and the antigens of 
the nervous tissue. 

In the patient we treated, ultra- 
struetural and  immunofluorescent 
analysis verified the presence of a 
monoclonal globulin (M component) on 
the myelin sheaths, confirming the 
hypothetic role of immunoglobulins 
against the nervous tissue in this 
disease. 


REPORT OF A CASE 
Clinical Findings 


In July 1974, a 53-year-old woman expe- 
rienced the beginning of paresthesias in 
the toes; this progressively extended to the 
feet and up to the knees in the following 
six months. The patient had the impression 
that she was wearing stockings that were 
too tight. During the summer of 1975, 
difficulties in walking appeared. Finally, 
in the fall of 1975, the paresthesias were 
equally evident in the upper extremities. 
The history of the patient showed no 
common causative elements; particularly, 
neither alcoholism nor diabetes was pres- 
ent. 

Sensory losses in a stocking distribution 
were found. They involved pallesthesia, 
sense of position of the toes, and hypesthe- 
sia to pinprick extending from the toes to 
the knees. Muscle stretch reflexes were 
absent. There was neither a reduction in 
strength nor amyotrophy. In the upper 
extremities, hypesthesia in a glove distri- 
bution was associated with a reduction in 
both pallesthesia and sense of position of 
the fingers. The reflexes were absent, 
unaccompanied by motor deficit. No aber- 
ration in the function of the cranial nerves 
was found. Ophthalmoscopy disclosed no 
abnormalities. 

The general health of the patient was 
satisfactory, and neither hepatospleno- 
megaly nor adenopathy were found. 


Laboratory Studies 


The WBC count showed moderate ane- 


mia; RBC count was 3,370,000/cu mm, and 
hemoglobin value was 10.2 g/dl. The sedi- 
mentation rate was 147 mm/hr. Serum 
electrophoresis showed a monoclonal peak 
in the y-globulin. Amount of total protein 
was 80 g/liter; albumin, 32.8 g/liter; and 
y-globulin, 33.6 g/liter. Immunoelectro- 
phoresis confirmed the presence of a mono- 
clonal peak in the IgM, with a K light chain. 
Immunoglobulin determinations using the 
Fahey-Hyland method gave the following 
values; IgA, 100 mg/dl (normal values, 170 
to 410 mg/dl); IgG, 400 mg/dl (normal 
values, 800 to 1,200 mg/dl); and IgM 600 
mg/dl (normal values, 45 to 105 mg/dl). 
Serum ultracentrifugation indicated the 
presence of cryoglobulins. With A n: 
1.1 x 1075, the analysis showed the follow- 
ing results: S1, 3.65% (44 g/liter); S2: 5.38% 
(12.24 g/liter); S3: 14.54% (17 g/liter); S4: 
20.65% (2.21 g/liter). The S4 is never pres- 
ent in normal serum, and S3 was present 
here in excess (normal value, 3% of total 


proteins). 
A sternal puncture showed moderate 
lymphocytosis (28%), which consisted 


largely of small lymphocytes that were 
characterized only rarely by the typical 
dysmorphism of Róhr's cells. Although the 
erythroblasts showed some nuclear dystro- 
phy, the granulocytic maturation was 
normal, as was the proportion of megacar- 
yocytes. In the CSF, there was one lympho- 
cyte, and the total protein concentration 
was 96 mg/dl. Electrophoresis showed 21% 
y-globulin (normal values, 3% to 10%). Peak 
in the rapid fraction of the y-globulin was 
also noted. 

Electromyography confirmed the pres- 
ence of peripheral nerve damage predomi- 
nating in the distal portions and character- 
ized by a major slowing of conduction 
velocity 12 m/s for the sural nerve and 20 
m/s for the median nerve. 


Pathological Findings 


Neuromuscular biopsy provided the fol- 
lowing information. With light microscopy, 
neurogenic muscular atrophy was con- 
firmed. Some atrophic fibers were packed 
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ogether within fascicules throughout their 
ength. The interstitium displayed no cellu- 
ar infiltrate. Further analysis disclosed a 
rouping of fibers with a predominance of 
pe I fibers. Neither cellular infiltrate nor 
amorphous deposits were found in the 
nerve. 
Several blocks (transverse sections) were 
died by electron microscopy. Myelino- 
axonal elements were only slightly re- 
duced. However, very striking lesions 
modifying the lamellar structure of myelin 
eaths occurred widely. In fact, these 
lamellae were regularly and abnormally 
separated from each other by a foreign 
substance that was not stained by the 
ethod we used. When a myelin sheath 
as involved in this process, one or several 
yers (up to 15) could be dissociated 
pllowing a complete circle. Nevertheless, 
e lamellae retained their regular con- 
ntric disposition despite the fact that 
hey were separated from one another 
more than is normally the case. In general, 
tne periphery of the myelin sheath was 
camaged with preference, then the middle 

tion, and then (only rarely) the internal 
surface, which was in contact with the 

on. Wallerian degeneration was not 
B and few lymphocytes were seen in 
tne interstitial tissue (Fig 1 and 2). 

Immunofluorescent analysis was done 
using anti-IgA, anti-IgG, anti-IgM, anti- 
C3, anti-IgE, and antifibrin serums. High- 
ly fluorescent deposits only present with 
enti-IgM serum were found in the myelin 
sheaths. With anti-fibrin serum, a few fine 
Ceposits were noted against the endothelial 
walls of some vessels. There was no reac- 

on with the other serums (Fig 3). 

Treatment with average dosages of 
i PA eA (30 to 50 mg daily) and 
melphalan (Alkeran) (2 mg daily) was 
initiated without producing an obvious 

jective improvement. However, the pa- 
tant described subjective improvement, 

th regression of the paresthesia and an 
important improvement in her ability to 
valk. 

Laboratory analysis showed a drop in the 
s-dimentation rate (65 to 95 mm/hr) and a 
dop in the serum y-globulin level to 13 g/ 
T There was no EMG change except a 
sight increase in the conduction velocity 
far the median nerve. 


COMMENT 


Several neuropathic manifestations 
ay exist with Waldenström’s macro- 
bulinemia. The most frequent is a 
nsory neuropathy. Symptoms pres- 

t in our patient clearly illustrate 
tlis form. Combined motor-sensory 
uropathy is also frequent (lesions 
edominate distally), and amyotro- 
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Fig 1.—Two myelinated fibers show widening between lamellae at periphery of myelin 
sheath (uranyl acetate and lead citrate, original magnification x 7,000). 
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Fig 2.—Widening between lamellae of myelin sheaths is very obvious (uranyl acetate and 


lead citrate, original magnification x 20,000). 


phy is associated with sensory distur- 
bance in two of five cases previously 
reported." Few patients have a multi- 
neuritic distribution.**^?' The fourth 
possible presentation as a polyradicu- 
loneuritis, characteristic of the Guil- 
lain-Barré syndrome, is truly rare. 
This last form was described by 
Waldenström’? in one of his cases and 
by Bing and Van Neet? in two 
cases. 


The ultrastructural aspects of these 
different presentations have already 
been discussed in detail. To summa- 
rize: the interstitial connective tissue 
is frequently involved. In half of the 
cases, atypical lymphocytic infiltrates 
can be seen, especially in the cases 
where parenchymal lesions are impor- 
tant. These infiltrates have already 
been described elsewhere.” In our 
patient, lymphocytes were present; 
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Fig 3.—Immunofluorescence technique shows deposition of M component on myelin 
sheaths. 


however, they were seen only in a 
small number and were only evident 
on ultrastructural analysis. 

Vascular tissue is frequently af- 
fected by the disease process (three of 
five eases)." The swelling of the endo- 
thelial cells occasionally leads to com- 
plete occlusion of the lumen. Amor- 
phous deposits have also been re- 
ported on several occasions. "^5" 
These deposits are generally fields of 
amyloid tissue that infiltrate from the 
endoneurium into the vascular walls. 
Also, PAS-positive deposits, corre- 
sponding perhaps to macroglobulins, 
have been reported.^^'^ In the case 
considered here, except for few rare 
infiltrates, the interstitial tissue was 
normal, and neither amorphous nor 
PAS-positive deposits were found. 

Damage to the nervous parenchyma 
ean be variable in its intensity. One 
ean find all the different possible 
types of both axonal damage and 
segmentory demyelination. However, 
what is interesting in this case is the 
dilation of the internal part of the 
mesaxon and of the peripheral lamel- 
lae of the myelin sheath. 

As far as we know, this aspect has 
only been reported in three previous 
studies.*/*^* They were all related to 
the presence of M component on 
myelin sheaths. 

In our case as well as in the one 


Arch Neurol—Vol 35, July 1978 


reported by Propp et al, fluorescing 
deposits with anti-IgM serum were 
present on the myelin sheaths. Propp 
and colleagues postulated that the 
presence of M component on the 
myelin sheaths might bring about an 
increase in the permeability of the 
myelin, resulting in edema and subse- 
quent destruction of the myelin 
sheath. In their case, as in ours, the 
ultrastructural and immunological as- 
pects serve not only to give added 
information for the diagnosis but also 
to provide an explanation for the 
pathogenie mechanism. 

Nevertheless, it still remains unex- 
plained why the monoclonal IgM 
should form deposits on the myelin 
sheaths. Several theories have been 
propounded. The phenomenon could 
have its roots in physiochemical rela- 
tionships," eg, hyperviscosity (an at- 
traction of the globulin for certain of 
the proteins of the cell membrane) or 
passive absorption by a nerve already 
damaged by another mechanism like 
diabetes or alcoholism. On the other 
hand, an immunological mechanism 
might be the explanation, since it has 
already been shown that monoclonal 
globulins of the IgM type have an 
antibody reaction versus albumin.” 

We cannot answer this question, 
but the ultrastructural and immuno- 
fluorescent aspects of the myelin 


sheaths represent a new and impor- 
tant aspect of the pathogenesis of the 
neuropathy that can accompany Wal- 
denstrém’s macroglobulinemia. 


References 


1. Logothetis J, Silverstein P, Coe J: Neuro- 
logic aspects of Waldenstrém’s macroglobuline- 
mia: Report of a case. Arch Neurol 5:564-573, 
1960. 

2. Iwashita H, Argyrakis A, Lowitzch K, et al: 
Polyneuropathy in Waldenstróm's macroglobu- 
linemia. J Neurol Sci 21:341-354, 1974. 

3. Aarseth A, Ofstad A, Torvick A: Macroglob- 
ulinemia Waldenstróm: A case with haemolytic 
syndrome and involvement of the nervous 
system. Acta Med Scand 169:691-698, 1961. 

4. Endtz LJ: Sur l'origine d'une polyneuropath- 
ie dans un eas de macroglobulinémie de Walden- 
stróm. Presse Méd 68:2181-2182, 1960. 

5. Darnley JD: Polyneuropathy in Walden- 
strém’s macroglobulinemia. Neurology 12:617- 
623, 1962. 

6. Michon P, Streiff F: Macroglobulinemie de 
Waldenström. Paris, Masson et Cie Edit, 1959, vol 
1, p 250. 

7. Nick J, Contamin F, Brion S, et al: Macro- 
globulinémie de Waldenstróm avec neuropathie 
amyloide: Observation anatomo-clinique. Rev 
Neurol 109:21-30, 1963. 

8. Fahey JL, Barth WF, Solomon A: Serum 
hyperviscosity syndrome. JAMA  192:464-467, 
1965. 

9. Vital C, Henry P, Loiseau P, et al: Les 
neuropathies périphériques de la maladie de 
Waldenstróm: Etude histologique et ultrastructu- 
rale de five eas. Ann Anat Pathol 20:93-108, 
1975. 

10. Garcin R, Mallarme J, Rondot P: Névrites 
dysglobulinémiques. Presse Méd  70:111-114, 
1962. 

1l. Gotham JE, Wein H, Meyer JS: Clinical 
studies of neuropathy due to macroglobulinemia 
(Waldenstróm syndrome). Can Med Assoc J 
89:806-809, 1963. 

12. Waldenstróm J: Ineipient myelomatosis or 
"essential" hyperglobulinemia with fibrinogeno- 
penia: A new syndrome? Acta Med Scand 
117:216-247, 1944. 

13. Bing J, Van Neet A: Two cases of hyper- 
globulinemia with affection of the central 
nervous system on a toxi-infection basis. Acta 
Med Scand 88:492-506, 1956. 

14. Dayan AD, Lewis PD: Demyelinating 
neuropathy in macrocryoglobulinemia. Neurology 
16:1141-1144, 1966. 

15. Monteverde DA, Morgenfield MD, Somoza 
M, et al: Manifestations neurologiques de la 
macroglobulinémie de Waldenstrém. Rev Neurol 
115:1029-1049, 1966. 

16. Bigner DD, Olson WH, MacFarlin DE: 
Peripheral neuropathy: High- and low-molecular- 
weight IgM and amyloidosis. Arch Neurol 24:365- 
373, 1971. 

17. Lebourhis J, Feve JR, Besancon C, et al: 
Neuropathie périphérique avec infiltration amy- 
loide des nerfs au cours d’une macroglobulinémie 
de Waldenstróm. Rev Neurol 911:474-478, 1964. 

18. Propp RP, Means E, Deibel R, et al: 
Waldenstrém’s macroglobulinemia and neuropa- 
thy: Deposition of M component on myelin 
sheaths. Newrology 25:980-988, 1975. 

19. Sluga E: Entmarkungserkrankungen— 
Unter suchungen an peripheren nerven, in VJ 
Congres International de Neuropathologie. Paris, 
Masson et Cie Edit, 1970, pp 654-663. 

20. Hauptman S, Thomas TB: A monoclonal 
IgM protein with antibody-like activity for 
human albumin. J Clin Invest 53:932-940, 1974. 


Polyneuropathy—Julien et al 425 


Active Multiple Sclerosis 


Enhanced Computerized Tomographic Imaging of Lesions 
and the Effect of Corticosteroids ° 


E. Simon Sears, MD; Richard S. A. Tindall, MD; Hilary Zarnow, MD 


è Computerized axial transmission to- 


mography (CT) of the brain is useful for - 


imaging lesions in multiple sclerosis 
(MS). Active demyelination may be dem- 
onstrated with CT contrast enhancement 
(CTE) as regions of increased x-ray densi- 
ty. We report a series of patients with 
active MS who typify these changes. 
Corticosteroid therapy reduces the inten- 
sity of this phenomenon presumably by 
reestablishing the integrity of the blood- 
brain barrier; if corticosteroid therapy is 
instituted prior to the CT contrast study, 
ine focal enhancement may be obscured. 
A transient vascular permeability defect is 
the basis for CTE during the acute exacer- 
bation in MS. The possibility of MS must 
be kept in mind when one or more foci of 
increased density occur in the absence of 
mass effect during CTE. Appreciation of 
these features may prevent misdiagno- 
sis. 
(Arch Neurol 35:426-434, 1978) 


F[he availability of computerized 

axial transmission tomography 
(CT) of the head appears to provide a 
useful diagnostic tool for demonstrat- 
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ing abnormalities in patients with 
multiple sclerosis (MS). The increased 
imaging and resolving qualities of CT 
have made smaller lesions more visi- 
ble. Demyelinated regions have been 
reported to appear as white matter 
areas of decreased density. We 
report a series of MS cases in acute 
exacerbation (active MS) revealing 
white matter foci of increased density 
during CT contrast enhancement 
(CTE). Corticosteroid therapy (unless 
otherwise specifically stated, the term 
“corticosteroid therapy" indicates glu- 
cocorticoid preparations or cortico- 
tropin) reduced this enhancement to 
an appreciable degree. These abnor- 
malities and their patterns of change 
along with the influences of cortico- 
steroid therapy appear to be charac- 
teristic of increased vascular permea- 
bility, that is, regions with defective 
blood-brain barriers. Although not 
limited to MS, attention to these 
factors should avoid unnecessary 
diagnostic procedures, may document 
evidence of active demyelination, and 
might offer a measure of therapeutic 
effectiveness in this disorder. 


REPORT OF CASES 


Case 1.—A 30-year-old woman had an 
abrupt onset of right-sided weakness. 


During the year prior to admission, she had 
had previous episodes of slurred speech, 
right facial weakness, and blurred vision. 
Each lasted one month and slowly resolved. 
On admission, neurologic examination 
showed emotional lability and a flaccid 
right-sided hemiparesis (3/5). Initial labo- 
ratory data including nuclide brain scan 
with perfusion study were unremarkable. 
The CT and CTE studies of the head 
showed a completely normal precontrast 
study. However, intravenous iodinated 
contrast enhancement displayed a well- 
defined area of increased density in the 
region of the left internal capsule adjacent 
to the anterior horn of the left lateral 
ventricle (see Fig 1). The ventricular 
system was normal in size and shape; no 
mass effect was present. Diagnostic lum- 
bar puncture indicated a normal CSF total 
protein level of 42 mg/dl with a CSF 
IgG value of 9.6 mg/dl (IgG: total 
protein = 23%; abnormal*). Serum electro- 
phoresis was normal. The second CT and 
CTE procedures 11 days later displayed a 
second area of increased density in the 
region of the left frontal lobe above the 
level of the lateral ventricles; no mass 
effect was demonstrable (Fig 1) The 
presumptive diagnosis of MS was made 
and the patient was started on a 14-day 
course of intramuscular repository cortico- 
tropin injection. The dosage of 40 units 
twice daily was tapered over the last seven 
days. She improved briefly but relapsed 
with profound flaccid right-sided hemipa- 
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Fig 1.—Computerized axial transmission tomography of case 1 (R is right). A and B, Precorticosteroid contrast- 
enhanced studies showing solitary foci of increased density at different levels. C, Postcorticosteroid contrast- 
enhanced study showing resolution of increased density as compared to B. Note absence of mass effects. 





Fig 2.—Computerized axial transmission tomography of case 1 (R is right). A and B, Postcorticosteroid contrast- 
enhanced studies of subsequent exacerbation showing foci of decreased density similar in location to Fig 1 (A and B). 
C, Nonenhanced study showing more markedly decreased density as compared to Fig 2 (A). Note absence of mass 
effects. 


resis and was retreated with a 14-day 
course of corticotropin at 100 mg/day. 
Subsequently CTE showed remarkable 
resolution of the previous foci of increased 
density (Fig 1). The patient regained 
strength in her right side during the 
succeeding three months. Another exacer- 
bation consisting of scanning speech, 
emotional lability, and right-sided spastic 
hemiparesis occurred. She was treated with 
a 14-day course of prednisone at 50 mg/ 
day, tapered over the last seven days. The 
CT and CTE studies performed during 
corticosteroid therapy showed only an area 
of decreased density in white matter 
regions that had previously enhanced; this 
decreased density was more apparent 
without contrast enhancement (Fig 2). 
Case 2.—A 30-year-old woman abruptly 
developed clumsiness of gait, thickness of 
speech, and a left-sided numbness. Neuro- 
logic examination showed an indifferent 
mood, left-sided homonymous hemianop- 
sia, right Marcus Gunn pupillary response, 
left conjugate gaze paresis, facial diplegia, 
scanning speech, weakness of the left arm 
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and both legs, bilateral ankle clonus, and 
extensor plantar responses. The senses of 
position and vibration were compromised 
in the left upper extremity. Initial labora- 
tory data were unremarkable. Brain scan 
showed multiple foci of uptake in the oc- 
cipitoparietal regions of both hemispheres; 
perfusion study was normal. The CTE 
displayed multiple areas of increased 
density in the corona radiata of frontal and 
parietal hemispheres above the level of the 
ventricles as well as another focus in the 
region of the internal capsule adjacent to 
the left lateral ventricle. No mass effect 
was present (Fig 3). The presumptive diag- 
nosis of metastatic disease was made and 
dexamethasone therapy begun at 4 mg 
intramuscularly every six hours. Diagnos- 
tic lumbar puncture indicated no elevation 
in CSF pressure; 17 lymphocytes per cubic 
millimeter; and a total protein level of 50 
mg/dl. The CSF IgG value was 6 mg/ 
dl (12% of total CSF protein; above 
upper normal limit of 10% by the radial 
immunodiffusion technique of Berner et 
al. Serum electrophoresis was unremark- 


able. Diagnostic studies to confirm the 
presence of metastatic neoplasm were 
negative and a diagnosis of MS was made. 
The patient's neurologic status improved 
remarkably and a second CTE ten days 
later showed complete isodense resolution 
of the previous foci. Dexamethasone thera- 
py was discontinued and alternate-day 
prednisone therapy of 50 mg in divided 
dosage begun. A second brain scan was 
normal. Neurologic examination of dis- 
charge showed only ataxia of gait and of 
left upper extremity; all other signs had 
resolved. The steroids were tapered and 
the ataxia completely cleared over the 
succeeding six months. No exacerbations 
have occurred. 

CasE 3.-A 28-year-old woman with 
sporadic visual difficulties for one year had 
an abrupt onset of right-sided numbness. 
This resolved over a three-week period. 
One month later, she suddenly began stag- 
gering and noted difficulty with bowel and 
bladder control. Friends expressed concern 
over her slurred speech. Those difficulties 
persisted three weeks before the patient 
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Fig 3.—Computerized axial transmission tomography of case 2 (R is right). A and B, 
Precorticosteroid contrast-enhanced studies showing multiple foci at different levels, 


without evidence of mass effects. 





Fig 4.—Computerized axial transmission tomography of case 3 (R is right). A and B, 
Precorticosteroid contrast-enhanced studies showing multiple foci at different levels, 
without evidence of mass effect. 


seught medical attention. Neurologic ex- 
amination showed a left superior quadran- 
tanopsia with right-sided color agnosia. 
Corrected visual acuity in the right eye was 
29/80 and 20/25 in the left. There was a 
Marcus Gunn pupillary response in the 
right eye. End point nystagmus was 
greater on left gaze than right. A mild 
ptosis of the left lid was present. Speech 
was scanning in character. Power was 
mildly compromised in the right upper 
extremity (4/5). The left upper extremity 
was markedly dysmetric with past point- 
ing. Additionally, the gait was ataxic and 
broad based; tandem walking was impossi- 
bie and the Romberg test was positive. 
Initial laboratory data, including skull 
reentgenographic series, brain scan, and 
EEG, were unremarkable. Lumbar punc- 
ture showed a total CSF protein level of 76 
mg/dl; IgG value was 6.4 mg/dl (8.1% of 
total protein; normal") The patient im- 
proved and was sent home with a diagnosis 
o! suspected demyelinating disease. One 
month later her symptoms worsened; CT 
ard CTE were obtained. The precon- 
trast study was normal. The CTE displayed 
multiple delineated areas of increased 
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density in the right frontal region both 
adjacent and anterolateral to the right 
frontal horn of the lateral ventricle and in 
the left parietooccipital region surround- 
ing the posterior horn of the lateral ventri- 
cle. At a lower cut these increased densities 
were noted in the midline callosal region 
between the anterior-medial aspects of the 
frontal horns of the lateral ventricles and 
in the left parietooccipital region (Fig 4). 
No mass effect was present and the ventri- 
cles were of normal size. Brain scan on the 
following day showed remarkable uptake 
in the left posterior parietooccipital and 
right frontal areas; the perfusion study 
was normal. Cerebral angiography was 
performed; the results were normal. The 
patient was begun on 80 mg prednisone 
therapy every other day for two weeks and 
the dosage was then tapered. She made 
remarkable progress of motor function 
over the following three weeks, with only 
mildly ataxic gait and dysmetria of the left 
upper extremity. The CT was not repeated 
but brain scan at this time indicated a 
markedly reduced uptake in the same 
regions. The visual disturbances resolved 
in a more indolent fashion. Other than 


transient blurriness of vision, no major 
exacerbations have occurred to date. 

CasE 4.—A 23-year-old woman had an 
abrupt onset of blurred vision in her right 
eye and intermittent tingling in the 
fingers of her right hand. Neurologic 
examination showed a pericentral scotoma 
in the right eye; visual acuity in this eye 
was 20/80. Diagnostic lumbar puncture 
indieated normal CSF values. The patient 
was placed on intramuscular corticotropin 
therapy for one week at 40 mg twice daily 
for suspected MS. The CT and CTE studies 
were performed five days after cortico- 
tropin therapy was initiated. Both studies 
indicated an area of decreased density in 
white matter regions of the left parietal 
lobe above the level of the ventricles. No 
abnormal enhancement was present. The 
patient's vision improved (20/20). Follow- 
up eight weeks later showed partial resolu- 
tion of the radiolucent parietal lesion. 

Six months later the patient had a 
sudden onset of slurred speech with incoor- 
dination and weakness of the right hand. 
Neurologic examination showed right optic 
atrophy with a Marcus Gunn pupillary 
response, right central facial palsy, and 
hemiparesis with right-sided hyperreflex- 
ia, unsustained ankle clonus and extensor 
plantar response, and a qualitative de- 
crease in all sensory modalities on the right 
side of the face and the right hand. Brain 
scan was unremarkable. A left parietal 
range focus was present on EEG. Lumbar 
puncture and spinal fluid were unremark- 
able. Tests for collagen-vascular disease 
were negative and VDRL was nonreactive. 
During a 14-day course of prednisone, 
initiated at 80 mg daily with slow tapering, 
the patient showed a marked improvement 
in her symptoms and became asymptomat- 
ic on the tenth day. 

One month later, CT and CTE studies 
were obtained; these showed an irregular 
area of decreased density appearing as a 
radiolucent zone in the white matter of the 
left parietal lobe. This was similar in loca- 
tion to the radiolucency observed on CT 
examination six months earlier. The CTE 
indicated a striking increase in density in 
this same region (Fig 5). This was decided- 
ly different from earlier CTE procedures 
where no abnormal enhancement had 
occurred. Within 12 hours following the 
abnormal CTE study, the patient noted the 
abrupt recurrence of right facial weakness 
and numbness as well as difficulty in 
speaking. Neurologic examination showed 
a right central facial palsy, a decrease in 
sensory perception on the right side of the 
face, and a nonfluent dysphasia (Broca's 
aphasia) with intact verbal comprehension. 
Brain scan showed uptake in the left parie- 
tal region. Lumbar puncture showed five 
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lymphocytes per cubic millimeter and an 
IgG total CSF protein ratio of 13% (ele- 
vated by radial immunodiffusion criteria’). 
Serum electrophoresis was unremarkable. 
The patient was again started on the same 
regimen of prednisone and experienced 
steady improvement within three days. 
The CT and CTE were repeated eight days 
later; the precontrast study showed a 
persistent radiolucent area but the abnor- 
mal area of enhancement on CTE had 
decreased remarkably (Fig 5). This patient 
has subsequently had episodes of left-sided 
hemianesthesia and left-sided retrobulbar 
neuritis with complete resolution. 
COMMENT 
Diagnosis of MS 


The diagnosis of MS in its early 
stages often poses a clinical dilemma 
beause it may mimic a variety of other 
neurologic disorders. The differential 
diagnosis depends on the temporal 
and neuroanatomic dispersion of signs 
and symptoms. Spinal cord compres- 
sion, transverse myelitis, intracranial 
tumor, diffuse degenerative disease, 
systemic inflammatory diseases, and 
neurosyphilis are common considera- 
tions in the initial differential. Be- 
cause no completely specific diagnos- 
tic technique for MS exists, these 
other diseases are routinely elimi- 
nated with laboratory tests specific 
for the entity in question; neuroradio- 
logic procedures’ are generally used in 
this capacity. 

For the diagnosis of MS, it is gener- 
ally accepted that a patient have 
objective neurologic signs involving 
two or more noncontiguous parts of 
the CNS that are not explained by 
some other disease. All four cases 
meet this clinical criterion. A fluctuat- 
ing course, either with well-defined 
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remissions and exacerbations or with 
a pattern of steady progression inter- 
rupted by fleeting remissions, is a 
temporal requisite that cases 1 and 4 


meet. Cases 2 and 3 have yet to 


completely fulfill this criterion as both 
are currently in remission. Although 
no pathognomonic laboratory changes 
occur, the spinal fluid y-globulin (IgG) 
level is elevated in two thirds to three 
fourths of reported cases and various 
immunochemical techniques for this 
determination are employed.** 
Marked elevation of CSF IgG level 
occurred in ease 1 and slight eleva- 
tions consistent with the diagnosis of 
MS occurred in cases 2 and 4. Neuro- 
syphilis and subacute sclerosing pan- 
encephalitis, two other diseases caus- 
ing elevations of CSF y-globulin in the 
absence of raised serum IgG level, 
were not supported by clinical or labo- 
ratory evidence. Mild CSF pleocytosis 
(b to 50 lymphocytes per cubie milli- 
meter) or slight elevations of total 
protein level (50 to 80 mg/dl) are 
seen in about one third of MS pa- 
tients.: Cases 2 and 4 had a mild CSF 
pleocytosis and case 3 showed an 
elevation of total CSF protein level 
within this range. All four cases 
reported herein meet at least two or 
more of these diagnostic criteria for 
MS and were free of evidence for any 
other disease. 


Traditional Role 
of Neuroradiology in MS 


The role of neuroradiologie proce- 
dures in MS has been to exclude other 
pathologic processes. Cerebral angiog- 
raphy and myelography are normal in 
MS. Pneumoencephalography is gen- 


Fig 5.—Computerized axial transmission tomography of case 4 (R 
is right). A, Precorticosteroid contrast-enhanced study showing 
solitary focus 12 hours prior to clinical exacerbation. B, Postcor- 
ticosteroid contrast-enhanced study showing resolution of 
increased density as compared to A. 


erally normal but may show features 
of moderate cerebral atrophy late in 
the course of the disease.' Major inva- 
sive contrast procedures per se entail 
very real risks. Except in cases of 
myelopathy, the brain scan has been 
the safest and most suitable radiologic 
technique in the evaluation of sus- 
pected MS. 

Static scintigraphic visualization of 
nervous system lesions depends on 
blood-brain barrier dysfunction.’ Be- 
cause albumin is produced only in the 
liver, Tourtellotte et al'" have pro- 
posed an endogenous test of the blood- 
brain barrier by comparing the con- 
centration of albumin in the CSF to 
blood. Utilizing this test in MS 
patients, they concluded that a modest 
alteration of this barrier is unusual. 
The finding of normal brain scans in 
19 MS victims by Moses et al" would 
seem to support Tourtellotte’s asser- 
tion. However, Poser? was quick to 
point out that the blood-brain barrier 
may be substantially affected in MS 
as shown by an abnormal brain scan 
from a biopsy-proven case. It has 
become commonly accepted that the 
brain scan is infrequently abnormal in 
this disorder and that this uncommon 
occurrence is due to an acute defect in 
the blood-brain barrier.'^* Miller and 
Potsaid'? feel that the deep cerebral 
white matter location of many demye- 
linating foci may be a reason why 
most scans do not detect an abnormal- 
ity. Alternatively, the resolution limit 
in brain sean is about 2 cm'* and 
plaque diameters in MS seldom attain 
this size." Antunes and colleagues," 
as well as Cohan et al, are of the 
opinion that only unusually large 
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| 
acute lesions show abnormal uptake 
with the brain scan. The latter report 
additionally points out that physicians 
are also less likely to order brain scans 
once the diagnosis has been estab- 
fished. All these factors probably 
account for the infrequency of abnor- 
mal scans and their common use as a 
screening device in this disease. 
Prior to therapy, the brain scan was 
focally abnormal during acute epi- 
sodes in cases 2, 3, and 4. Abnormal 
uptake was seen in two distinct brain 
areas in cases 2 and 3 but only a 
solitary region was shown in case 4. 
Perfusion studies in cases 1, 2, and 3 
were normal and not performed in 
case 4. 


Computerized Transmission 
Tomography in MS 


| Computerized transmission tomo- 
graphy of the head is generally clas- 
sified as a noninvasive neuroradiolog- 
ie technique and is rapidly being ac- 
cepted as a safe screening procedure in 
diagnostic neurology. The increased 
imaging and resolving qualities of CT 
raake smaller lesions more visible than 
seintigraphy. For this reason, one 
might expect an increase in the inci- 
dence of abnormal radiologic reports in 
MS. The patterns of these abnormali- 
ties would obviously be important in 
the interpretation of the CT scan. 


To date only a few reports have | 


appeared in the literature.’ In one, 
19 patients with the diagnosis of MS 
underwent CT procedures; seven cases 
(87%) showed solitary or multiple 
brain regions of decreased density. 
This series did not include contrast 
enhancement. Two other reports^: 
cite similar findings but are of partic- 
ular importance since each included a 
case that ultimately was subjected to 
d.agnostic brain biopsy. 

Gyldensted’s citations*^ appear to 
be separate reportings of an identical 
MS population. Of these 110 cases, 41 
(7%) showed white matter areas of 
decreased density in periventricular 
regions that were felt to represent 
large plaques. The mean volume of 
these regions was 1.26 cu em and the 
density was decreased more than 5 CT 
units compared to surrounding brain 
tissue. Concomitant changes of cere- 
bral atrophy occurred in 82%. of 
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cases. 

Contrast enhancement was per- 
formed in 20 patients (18%); these 
included 10 “plaque” cases (25% of 
“plaque” cases) and 10 “nonplaque” 
cases (14% of “nonplaque” cases). No 
contrast changes were observed in 
either group. The mean duration of 
the disease was 19.1 years in “plaque 
cases” and 17.4 years in the rest of the 
population studies. In each of these 
reports, it is apparent that selection 
was based on the presence or absence 
of a diagnosis of MS, with no attempt 
to study patients during acute exacer- 
bations and without attention to corti- 
costeroid therapy. 

In this report, cases 1 (Fig 2) and 4 
(not shown) showed regions of de- 
creased density similar to those 
reported above. In each instance, the 
patient was either receiving or had 


just completed a course of corticoste- 


roids for a recent exacerbation. No 
evidence for cerebral atrophy, ventric- 
ular asymmetry, or mass effect was 
present in any of these four cases. 


Increased Attenuation With CTE 
in Acute Exacerbations of MS 


Our cases are important in that they 
show contrast enhancement of active 
MS lesions and subsequent resolution 
of enhancement during corticosteroid 
therapy. Following CTE, irregular 
well-demarcated areas of increased 
density (> 5 CT units) appeared as 
radiodense areas in white matter 
regions of all four cases. Two left- 
sided foci were seen in case 1 on 
different cuts (Fig la and 1b) sepa- 
rated in time by 11 days; it is possible 
that the latter represented a Dawson’s 
finger extension’ of the former 
lesion. Multiple bilateral foci were 
seen in cases 2 and 3 on different cuts 
(Fig 3 and 4). Only a solitary focus was 
seen in case 4 (Fig 5). Good correlation 
with abnormal uptake on brain scan 
was present in cases 2, 3, and 4. Excel- 
lent clinicoradiologic correlation oc- 
curred between clinical signs and 
symptoms and CTE foci in our cases. 
The Table summarizes the brain scan 
and CTE findings in each of the four 
cases. Case 4 is of particular interest 
since the focal enhancement occurred 
12 hours prior to the clinical manifes- 
tations of an exacerbation. This 
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sequence supports an antecedent rela- 
tionship between the pathology un- 
derlying focal enhancement and sub- 
sequent exacerbation and suggests 
that CTE may have a role in disclosing 
active lesions in MS. Isolated observa- 
tions of radiodense CTE regions in MS 
have occurred'* (oral communication, 
spring 1977, J. Austin, MD, and J. 
Burks, MD), and most recently Aita 
and colleagues'? have reported similar 
observations in three cases. In every 
case, this phenomenon occurred only 
with acute exacerbations. 

Focal enhancement on CTE may 
create a diagnostic dilemma. In case 1, 
the initial radiologic impression was 
arteriovenous malformation or glioma 


and in cases 2 and 3 it was metastatic 


disease. However, remarkable mass 
effect usually accompanies each of 
these considerations but was not pres- 
ent in any of our cases. The absence of 
mass effect in the presence of one or 
more foci of increased density during 
CTE should raise the question of 
active MS. In these circumstances, 
serial CTE examinations with or with- 
out the influence of a course of corti- 
costeroid therapy may be diagnosti- 
cally useful. 

Intravascular iodinated contrast 
medium, such as diatrizoate meglu- 
mine, will increase absorption values 
of normal and pathologic tissues in 
subsequent CT studies in proportion 
to (a) the vascularity of the tissues, (b) 
the permeability of the blood-brain 
barrier, and (c) the blood concentra- 
tion of iodine. Although it was 


initially expected that abnormal cere- 


bral vascularity would be more readily 
identified with CTE than by angiog- 
raphy, the lack of consistent relation- 
ship between the degree of contrast 
enhancement and angiographically 
shown abnormal vascularity supports 
the concept that extravascular diffu- 
sion predominately accounts for ab- 
normal CTE in many neuropathologic 
states.” Recently, Gado and col- 
leagues*' further supported this con- 
cept by calculating the tissue-blood 
ratio of enhancement through an 
analysis of the quantitative aspects of 
CT scans of the cranium and blood 
samples. Studies were performed, 
both before and after the injection of 
contrast medium in both normal 
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Concordance Between Brain Scan and Computerized Tomography in Four Cases* 
Precorticosteroid Postcorticosteroid 


Computerized 
Tomography 


Brain Scan 
Radionuclide Uptake 
— eee, 


Computerized 
Tomography 


Brain Scan 
Radionuclide Uptake 
rnae 
Perfusion Static Static 


Study 


Perfusion Nonenhanced Study 


(Decreased Density) 


Enhanced Study 
(Increased Density) 


Nonenhanced Study Enhanced Study 


*Not performed, ellipses; normal or negative, N; positive multiple foci, PMF; positive solitary focus, PSF; diminished, Y 


persons and patients with neurologic 
lesions. Normal brain tissue did not 
enhance; however, in various neuro- 
logic diseases, more than intravascu- 
lar blood volume accounted for in- 
creased density. Significant extravas- 
ation of contrast medium resulting 
from impairment of the blood-brain 
barrier was primarily responsible for 
the increased density during CTE. 
Further work” on animal and human 
surgical specimens with radioactive- 
labeled plasma and blood tracers 
confirmed their conclusions. Increased 
density in pathologic brain tissue 
studied with CTE was similar to the 
abnormal accumulation of radionu- 
clide in brain scanning and occurred 
through permeability defects in the 
blood-brain barrier. Although cerebral 
infarction was initially thought to be 
exceptional, Wing and associates” 
recently observed a striking similarity 
following cerebral infarction in the 
temporal relationship between the 
period during which the brain scan 
shows abnormal accumulation (two to 
four weeks) and the interval wherein 
CTE shows increased density (one to 
four weeks). 

Though the likelihood is great that 
significant extravasation of contrast 
medium resulting from impairment of 
the blood-brain barrier caused the 
increased attenuation in these four 
cases, other influencing factors must 
be considered. Despite the evidence 
supporting increased vascular per- 
meability in active MS (see below), 
either increased tissue vascularity or 
regional intravascular concentration 
of iodine could increase absorption 
values during CTE. There is no reason 
to believe that the latter contingency 
could realistically occur. With regard 
to increased tissue vascularity, it is 
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well known that fresh plaques may 
appear pinkish or reddish on cut 
section, presumably due to hypere- 
mia.'^?*? Because neovascularization 
is not seen in MS, the hyperemia 
results from dilated and congested 
venules and capillaries. An abnormal 
vascular region in the brain is more 
readily visualized during the perfu- 
sion phase of the brain scan and 
seldom appears in the static period.’ If 
hyperemia contributed to the in- 
creased CTE density observed in our 
cases, then there should be a high 
positive correlation between abnor- 
malities in the CTE study and the 
perfusion phase of the brain scan. The 
perfusion studies, however, were nor- 
mal in eases 1, 2, and 3. The regional 
concordance of abnormal uptake oc- 
curred between CTE and the static 
brain scan in cases 2, 3, and 4. There- 
fore, the hyperemia of the acute lesion 
must contribute little if any to 
increased CTE absorption values. 

It seems likely that a defective 
blood-brain barrier in an area of 
active demyelination results in in- 
creased regional vascular permeabili- 
ty and subsequent extravasation of 
contrast medium, which in turn is 
visualized as an area of increased 
density during CTE. The occurrence 
of the increased density 12 hours prior 
to clinical symptoms in case 4 
suggests a pathogenetic relationship 
between the focal permeability defect 
and the acute exacerbation of MS. 


increased Vascular 
Permeability in MS 


Vascular endothelium in the CNS is 
selectively permeable to many sub- 
stances that would readily enter other 
tissues and organs. In general, molec- 
ular size and polarity are inversely 





related to the cerebrovascular 
permeability of a substance. Lipids 
are highly permeable; likewise, water, 
despite its dipolarity, is relatively 
unrestricted and prone to follow the 
osmotic gradient. Other exceptions 
occur for certain sugars, biogenic 
amines, amino acids, and ions through 
specific active transport mechanisms. 
These unique features of cerebrovas- 
cular permeability constitute the 
blood-brain barrier. The anatomic 
substrates of this barrier likewise 
show specialized ultrastructural fea- 
tures. Unlike peripheral vessels, cere- 
brovascular endothelial cells contain 
no fenestrations and a paucity of 
pinocytotic vesicles; the interendothe- 
lial borders consist of continuous belts 
of tight junctions. The complete enclo- 
sure of capillaries by astrocytic peri- 
vascular foot processes is likewise 
unique to cerebral tissue. All these 
anatomic features probably contrib- 
ute to the integrity of the blood-brain 
barrier. More complete reviews of 
blood-brain barrier function are avail- 
able.?'?* 

Pathologic compromise to the integ- 
rity of the blood-brain barrier is mani- 
fest as an increase in vascular 
permeability leading to an extravasa- 
tion of plasma constituents, including 
proteins, into the extracellular space. 
This altered blood-brain barrier com- 
petence accounts for the pathologic 
uptake of radionuclide in brain scin- 
tigraphy. Klatzo? has termed this 
extracellular plasma exudate "vaso- 
genic edema” in contradistinction to 
“eytotoxic edema” wherein blood- 
brain barrier integrity is preserved 
and the marked influx of plasma 
ultrafiltrate manifests as a general- 
ized intracellular — overhydration. 
These concepts have most recently 
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been reviewed by Manz? and Fish- 
man. 

Little attention has been focused on 
the integrity of the blood-brain bar- 
Her in MS. Broman*'* carried out 
early experiments utilizing supravital 
perfusions of trypan blue in human 
brain diseases shortly after death. He 
Showed a disturbance of venular 
permeability in MS that was more 
severe in fresh plaques but also pres- 
ent in the border region of established 
plaques. Furthermore, acute edema- 
tous plaques have been documented 
Fy Greenfield and Oppenheimer.” 
although the nature of the edema was 
not discussed, a vasogenic variety is 
most consistent with Broman’s obser- 
vations. Likewise, Lumsden" has ob- 
served both interstitial and intra- 
astrocytic edema in ultrastructural 
studies of early MS plaques. Both 
enlarged extracellular spaces and ex- 
panded astrocytic processes are typi- 
cally found in the course of vasogenic 
€lema,* the latter being a later devel- 
coment presumably due to astrocytic 
imbibition of extracellular fluid.” 
This derangement of the blood-brain 
Farrier in MS is clinically appreciated 
vith static brain scanning as the 
oecurrence of large acute lesions (see 
aoove). Whether the permeability de- 
fect is antecedent or consequent to the 
demyelination remains equivo- 
ea]. ^: 1124.25.32 

Although definite clinical and path- 
o»ogie differences? as well as immu- 
nologie disparities** exist between MS 
and experimental allergic encephalo- 
myelitis (EAE), the latter has become 
a qualified experimental model for 
haman MS. Increased blood-brain bar- 
rer permeability during the early 
sages of EAE in guinea pigs and 
monkeys was first documented by 
Earlow* using trypan blue. Vulpe and 
e»lleagues'* observed increased per- 
meability to radioiodinated albumin 
ir the initial stages of guinea pig EAE 
both in the presence and absence of 
irflammation; they concluded that a 
dsordered blood-brain barrier was 
oae of the earliest phenomena in the 
pathogenesis of EAE. Bubis and 
Lase” studied early EAE in the rat 
with the electron microscope and 
feund abundant fibrin within the 
extracellular space of inflammatory 
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regions; marked myelin destruction 
occurred only in the presence of inti- 
mate contact between mononuclear 
cells and the myelin sheath. Lampert 
and Carpenter? utilized similar ultra- 
struetural techniques in rodent EAE 
and monitored vascular permeability 
with thorium dioxide (Thorotrast). 
They observed that thorium dioxide 
particles passed between endothelial 
cells into the extravascular space 
concomitant to mononuclear cell infil- 
tration. These observations were sup- 
ported by Hirano et al.***° A definite 
answer to the question of whether or 
not the permeability change preceded 
cellular infiltration could not be given. 
Cutler et al* emphasized their finding 
of increased permeability to radioiodi- 
nated homologous y-globulin prior to 
monocellular infiltration during the 
evolution of EAE in guinea pigs. 
Oldstone and Dixon* confirmed that 
increased vascular permeability, pri- 
marily in veins, occurred two to three 
days prior to the appearance of infil- 
trating round cells in the pathogenesis 
of rat EAE. By applying fluorescent 
immunohistochemical techniques for 
p-1C and y-globulins as well as fibrin- 
ogen, they observed abnormal intra- 
mural and perivascular fibrinogen 
deposition as early as five days follow- 
ing  encephalitogen sensitization; 
abundant exudation of fibrinogen and 
y-globulin was apparent by the sev- 
enth day in myelinated tracts but no 
monocellular infiltrate had yet oc- 
curred. Leibowitz and Kennedy* as 
well as Oldendorf and Towner* have 
reported equivocal findings. 

Plasma entry into the region of the 
MS plaque may simply represent an 
inflammatory response from mononu- 
clear cell-mediated hypersensitivity to 
myelin. Alternatively, it could con- 
ceivably allow a humoral myelinotoxic 
factor access to central white matter. 
Marburg* first conceived of a circu- 
lating myelinotoxie factor in 1906 by 
suggesting plaque formation to be 
induced by a myelin ferment (cata- 
bolic enzyme) gaining access to the 
brain from the blood. Numerous 
inconclusive claims of myelinolytic 
activity in the blood of MS patients 
have been made and have included 
such substances as lipase, phospholi- 
pase A, and lysolecithin.' Recent 


interest in the concept of a humoral 
myelinotoxie factor has been stimu- 
lated by the observations of Born- 
stein" and Raine**; these investiga- 
tors have shown that sera from 
patients during active stages of MS 
produce myelin destruction in tissue 
cultures from rodent CNS explants. 
This complement-dependent demyeli- 
nation was confirmed by Lumsden,* 
who provided additional evidence for 
an immunopathogenetie role for se- 
rum-borne y-globulin and complement 
with postmortem |. immunofluores- 
cence studies. These studies showed 
IgG bound to myelin sheaths in the 
process of disruption. Greenfield and 
Oppenheimer? emphasize that if le- 
sions are due to a humoral myelinolyt- 
ic substance, it is natural to suppose 
that the perivenous lesions in MS 
result from a local breakdown of the 
blood-brain barrier and thereby allow 
a cireulating factor(s) temporary ac- 
cess to nervous tissue. Furthermore, if 
such is the case, any of the numerous 
causes of barrier breakdown might be 
the provoking factor. Increased 
plaque formation has been recognized 
in regions of direct trauma,°***' and 
inflammation’ each of which are 
insults per se to the blood-brain 
barrier. The observation that cell- 
mediated hypersensitivity to basic 
myelin A, protein (the encephalito- 
genie protein of EAE) occurs during 
acute exacerbations of MS, recently 
reported and reviewed by Sheremata 
and colleagues,? could support the 
view that the perivenular round cell 
infiltrate is consequent to the exuda- 
tion of complement-dependent mye- 
linolytie IgG across a defective blood- 
brain barrier. Additional evidence 
implicates ^ neuroelectric impulse 
blocking factors in both human MS 
and animal EAE sera.** The presence 
of a defective blood-brain barrier in 
active MS should be emphasized since 
these perfusion defects may be visual- 
ized with CTE and thereby pose diag- 
nostic dilemmas with other lesions 
possessing similar enhancement char- 
acteristics. 
The Effect of Corticosteroids 
in Active MS 

Trials of corticosteroids in MS were 
prompted by their well-established 
ability to suppress allergic reactions 
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and inflammatory responses* as well 
as their ability to limit or prevent 
EAE.* Controlled studies of short- 
term corticotropin therapy in acute 
episodes of MS" have shown a 
limited but definite ability to shorten 
acute exacerbations; no well-con- 
trolled studies support the chronic use 
of corticotropin.” 

Because corticosteroids have, 
among others, immunosuppressive 
characteristics and since autoimmune 
mechanisms are at play in MS, it is 
often tacitly assumed that the mecha- 
nism of action of these agents is 
through immunosuppression. Were 
this the case, more potent immuno- 
suppressive drugs would be expected 
to effectively control the sporadic but 
indolent progress of this disease. 
However, studies using immunosup- 
pressive agents in MS have largely 
failed to document clinical effective- 
ness, 3455.59.60 

Corticosteroids are known to have 
many pharmacologic effects other 
than immunosuppressive activity.“ 
The failure of more specific immuno- 
suppressant and chronic corticosteroid 
administration to alter the course of 
MS strongly suggests that the latter's 
ability to shorten acute exacerbations 
is of a nonimmunosuppressive nature. 
Sibley® suggested that corticosteroid 
effectiveness may be through their 
anti-inflammatory action; Neumann 
and Ziegler pointed out that the 
anti-inflammatory effect might de- 
crease the edema surrounding the 
acute plaque. 

Indeed, the effectiveness of corti- 
eosteroids on brain edema is well 
known; Hartman and Brownell* first 
pointed this out almost 50 years ago. 
Prados and colleagues® initially ob- 
served brain swelling associated with 
increased capillary permeability and 
subsequently showed*' that cortico- 
tropin prophylaxis prevented many 
complications of cerebral edema by 
preventing increased permeability. 
This led Aird and associates* as well 
as Grenell and MeCawley* to find 
that adrenocortical substances were 
effective as well. The specific action 
of corticosteroids in vasogenic edema 
awaited Klatzo’s classification? (see 
above). Corticosteroids have been pos- 
tulated to reduce vasogenic edema 
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through stabilization of the injured 
endothelial membrane as well as by 
stimulating astrocytic removal of 
edema fluid." The therapeutic impli- 
cations of corticosteroids in brain 
edema have been most recently 
reviewed by Fishman.^ 

Further CTE during treatment 
with corticosteroids in cases 1, 2, and 4 
showed remarkable reduction of in- 
creased density in regions of previous 
enhancement within 8 to 14 days of 
therapy initiation. Concomitant reso- 
lution of abnormal brain scans oc- 
eurred in cases 2 and 3. Both cases 1 
and 4 received corticosteroid therapy 
prior to CTE during other exacerba- 
tions; in each instance, when CTE was 
ultimately performed no regions of 
inereased density appeared. The CTE 
showed only regions of decreased 
density that were more visible with 
nonenhanced CT (see above), due 
presumably to areas of myelin resorp- 
tion without active inflammation (Ta- 
ble). 

Corticosteroid medication has been 
reported to markedly suppress the 
accumulation of radionuclide in brain 
scanning and contrast medium in 
CTE.**** In one instance, cerebral 
metastases were not scintigraphically 
demonstrated due to the prior use of 
eortieosteroids. Our evidence sug- 
gests that corticosteroid therapy in 
MS similarly reduces the permeability 
defect seen during the acute exacer- 
bation. This specific effect of cortico- 
steroids on reestablishing blood-brain 
barrier integrity may contribute to 
the shortening of acute exacerbations 
in MS. Furthermore, corticosteroid 
therapy prior to brain sean or CTE 
may obscure evidence of the transient 
permeability defect during MS ex- 
acerbations. 

In this series of patients with active 
MS, CT contrast enhancement has 
been useful for imaging lesions. A 
transient vascular permeability defect 
is associated with the acute lesion and 
corticosteroid therapy reduces the 
intensity of CT contrast enhancement 
by presumably reestablishing the in- 
tegrity of the blood-brain barrier. 
Foeal enhancement of CT imaged 
lesions in the absence of mass effect 
should raise the possibility of active 
MS. 


Alan Naarden, MD; Peter Bringewald, MD; 
Paul Michaelson, MD; Howell McCreary, MD; 
Samuel Cade, MD; and George Plum, MD, and 
Kenneth Maraville, MD, cooperated in this study. 
Bassett Kilgore, MD, gave advice in preparing 
this manuscript. Kathy Able and Judith Huggins 
provided technical assistance. 


Nonproprietary Name and 
Trademarks of Drug 


Corticotropin—Actest, Acthar,  Actrope, 
Cortigel, Cortrophin, Depo-ACTH, Du- 
racton. 
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Acute Multiple Sclerosis 


With Contrast-Enhancing Plaques 


Steven Lebow, MD; David C. Anderson, MD; Angeline Mastri, MD; David Larson, MD 


e|n a case of clinically fulminant 
multiple sclerosis (MS), contrast-enhanc- 
ing lesions were visible by computerized 
axial tomography (CT). The patient died 
less than three weeks after the study, 
making neuropathologic correlation pos- 
sible. It appears that areas of contrast 
enhancement correlate in acute MS with 
early demyelinative lesions, and enhance- 
ment is related to breakdown of the blood- 
brain barrier. That such a disturbance is 
important in the pathogenesis of demyeli- 
nation in MS has been suggested by other 
data as well. The characteristic CT find- 
ings of MS must therefore include 
enhancing lesions that reflect disease 
activity and that may be the only CT 
abnormality. 

(Arch Neurol 35:435-439 1978) 


qo with computerized ax- 
ial tomography (CT) of the brain 
is rapidly accumulating, and charac- 
teristic findings for a variety of path- 
ologic processes have been defined 
and described in the literature. Cir- 
cumscribed areas of low density 
thought to correspond to areas of 
myelin loss have been found in 
patients with multiple sclerosis (MS) 
and other diseases characterized path- 
ologically by focal demyelination.*’ 
We recently cared for a young woman 
with MS that followed a rapidly 
progressive and fulminant course, cul- 
minating in the patient’s death less 
than one year after diagnosis. Com- 
puterized axial tomography  per- 
formed 19 days prior to death indi- 
cated areas of contrast enhancement 
in the periventricular region and 
corpus callosum, while the unenhanced 


study disclosed no abnormality. The © 


recognized spectrum of CT findings in 


MS must, therefore, be expanded to 
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include enhancing lesions. The tempo- 
ral proximity of the study to the time 
of death and autopsy provides an 
unusual opportunity for CT-patholog- 
ie correlation. The findings in this 
case suggest that CT may provide 
unique information with regard to the 
activity of MS. The findings also 
suggest that disturbance of blood- 
brain barrier, manifested by extra- 
vasation of contrast media, may be an 
important characteristic of the aeute 
lesion in MS. 


REPORT OF A CASE 


A 27-year-old woman was first admitted 
to Hennepin County Medical Center in 
March 1976, with an eight-week history of 
progressive gait instability and numbness. 
Six weeks prior to hospitalization clumsi- 
ness afoot had progressed so that she could 
no longer walk without falling. At the same 
time she noted numbness of the left side of 
her trunk and her left leg. She denied 
additional problems or a past history of 
similar difficulties. 

Past history included major motor 
seizures since age 18 years. Her medication 
program consisted of phenytoin, 400 mg 
daily. On this regimen her most recent 
seizure had occurred more than one year 
previously. There was no family history of 
related disorders. The patient was a high 
school graduate and worked full time as a 
babysitter. 

Results of a general physical examina- 
tion were unremarkable except for moder- 
ate obesity, generalized hirsutism, and 
gingival hyperplasia. Neurologic examina- 
tion showed the patient to be alert and 
fully oriented but with poor general knowl- 
edge and impaired ability to calculate or to 
interpret proverbs. Memory was intact. 
Bitemporal disk pallor was present, and 
there was anisocoria with the left pupil 2 
mm larger than the right. Horizontal 
nystagmus with fast component to the left 
was noted on left lateral gaze. Motor 
testing showed proximal weakness of all 
four extremities and a right upper extrem- 
ity drift. Symmetrical hyperreflexia and 
bilateral extensor toe signs were present. 
Hypalgesia was noted over the left side of 
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the trunk, the left leg, and the right leg 
distal to the knee. Gait was broad based, 
and the patient tended to fall to the left. 
Intention tremor of the upper extremities 
and heel-to-shin ataxia were noted bilater- 
ally, though the latter was more prominent 
on the left. 

Normal results of laboratory tests at 
that time included serum electrolyte val- 
ues, BUN level, complete blood cell count 
(CBC), sedimentation rate, coagulation 
profile, urinalysis, chest and skull roent- 
genograms, intravenous pyelogram (IVP), 
and voiding cystourethrogram. Formal 
visual fields were normal. Visual evoked- 
response testing showed bilaterally pro- 
longed latencies. An EEG showed bitem- 
poral slowing and synchronous bitemporal 
spike-wave discharges. A radionuclide 
brain scan was normal, as was CT 
performed with and without contrast (Fig 
1 and 2, panel A). Lumbar puncture yielded 
clear CSF under a normal opening pressure 
and containing 15 WBCs (70% mononuclear 
and 30% polymorphonuclear), 83 mg/dl 
glucose, and 31 mg/dl protein. Electropho- 
resis of the fluid disclosed an abnormal 
pattern with 20% y-globulin. 

The patient’s hospital course was compli- 
cated by bladder incontinence with urinary 
tract infections and one generalized sei- 
zure for which phenobarbital was added to 
the anticonvulsant program. A trial of 
intravenously administered corticotropin 
produced little objective improvement, and 
she was discharged in a wheelchair with 
Foley catheter in place. 

The patient was readmitted in June 
1976, complaining of episodic dysarthria 
and transient hearing loss in the left ear. 
Results of general and neurologic examina- 
tions were unchanged except for increased 
lower extremity paresis more severe on the 
left, though she was unable to lift either 
leg against gravity. She was again treated 
with intravenously administered cortico- 
tropin (80 units daily) with some improve- 
ment, but at the time of discharge she 
could not bear weight. 

In October 1976, she was readmitted to 
the Neurology Service because of progres- 
sive quadriparesis, dysarthria, inconti- 
nence, and tinnitus involving the left ear. 
Examination showed decreased hearing on 
the left; flaccid, totally paralyzed legs; and 
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Fig 1.—Similar cuts from sequential CT scans. Panels A through C 
were obtained following infusion of 300 ml 30% iothalamate 
meglumine. Panel D was obtained prior to contrast administra- 
tion. Date of each study is included on reproduction. Enhancing 


areas are present in midline corpus callosum and anterior to right 
frontal horn in enhanced study from Dec 8, 1976 (panel C), while 
unenhanced study on same day (panel D) fails to show abnor- 


mality in these areas. 


markedly paretic arms. Symmetrical hy- 
perreflexia in the upper extremities and 
hrporeflexia in the lower extremities were 
noted. Bilateral lower extremity hypes- 
thesia and hypalgesia were present though 
more conspicuous on the right. The results 
of the remainder of the examination were 
uachanged. 

Evaluation during the October admission 
included normal cervical spine roentgeno- 
grams and internal auditory canal tomo- 
grams. Audiography showed a severe 
sensorineural hearing loss on the left. 
Formal psychometries indicated a border- 
line full-scale IQ with evidence of recent 
intellectual decline. A second CT scan with 
and without contrast was normal (Fig 1 
and 2, panel B). A trial of orally adminis- 
tered dexamethasone produced no discern- 
ible response, and at the time of transfer to 
a rehabilitation center, the patient was 
bedridden and unable to sit unsupported. 

In early December 1976, she was admit- 
ted beeause of difficulty with swallowing 
and handling secretions. She was afebrile 
and slightly lethargic, with marked pseu- 
debulbar dysarthria and profound spastic 
quadriparesis. Hearing loss was noted 


bilaterally, and there was a right upper | 


motor facial nerve paresis. 

Electrolyte and BUN levels, CBC count, 
chest roentgenogram, and ECG were all 
nermal. Computerized cranial tomography 
was normal without contrast, but with 


436 = Arch Neurol—Vol 35, July 1978 


contrast two areas of enhancement were 
noted. One area was located in the midline 
between the frontal horns, probably corre- 
sponding to the corpus callosum, and the 
other in the white matter anterior to the 
right frontal horn (Fig 1 and 2, panels C 
and D). Furthermore, review of the 
sequential scans showed progressive ven- 
tricular enlargement over the nine months 
of illness characterized clinically by neuro- 
logic deterioration. Transfemoral angio- 
grams visualizing the right and left carotid 
and vertebrobasilar circulations were en- 
tirely normal. The patient was discharged 
to a nursing home with a nasogastric 
feeding tube in place. 

Two weeks later she was readmitted 
after she was found comatose in the 
nursing home. Blood pressure was 184/104 
mm Hg; pulse, 108 beats per minute; respi- 
ratory rate, 36; and temperature, 39.4C 
rectally. The patient was unresponsive to 
painful stimuli. The right pupil was 9 mm 
in diameter and the left 4 mm. Both were 
fixed to light. There were no corneal or gag 
reflexes, and no muscle stretch reflexes 
could be elicited. A regimen of antibiotics 
was begun, but the patient died four hours 
following admission. 


PATHOLOGIC FINDINGS 
General autopsy findings included 


organizing bronchopneumonia, chron- 
ic cystitis, and cystic ovaries. The 


Fig 2.—Similar cuts from sequential CT scans. Panels are 
arranged as in Fig 1. Midline corpus callosum lesion is again 
shown only in enhanced scan (panel C) on Dec 8, 1976. Note also 
increase in ventricular size from April 7 to Dec 8, 1976. 


brain and spinal cord were unusually 
large but of normal consistency and 
showed no external abnormalities. In 
coronal sections of the cerebral hem- 
ispheres, occasional small, pale gray, 
poorly demarcated plaques were noted 
in the cerebral white matter, princi- 
pally at the angles of the frontal horns 
and in the corpus callosum (Fig 3). 
Small foci of demyelination were also 
noted in the cerebellar white matter 
near the dentate nuclei and in the 
folial white matter. The brain stem 
showed poorly demarcated plaques 
involving large areas of the midbrain, 
pons, and medulla. In the pons, the 
involvement was most severe along 
the ventral surface extending into the 
middle cerebellar peduncles. Similar 
changes were noted in the medulla 
and spinal cord. 

On microscopic examination the 
plaques in the cerebral hemispheres 
appeared to be of varying ages, but 
many, particularly in the corpus callo- 
sum (Fig 4) and at the angles of the 
ventricles, appeared only a few weeks 
old. Some of these plaques corre- 
sponded to the contrast-enhancing 
lesions noted on CT scan. In these 
areas of recent demyelination (Fig 5), 
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there was marked proliferation of 
microglia, macrophages, and hyper- 
trophied astrocytes. The blood vessels 
were unusually prominent and sur- 
rounded by macrophages and lympho- 
cytes (Fig 6). Similar lesions were 
noted in the cerebellum and in the 
brain stem. In addition, the brain 
stem also showed areas of older 
demyelination in which gliosis was 
prominent. Perivascular infiltration 
of lymphocytes and macrophages was 
common in all the recent lesions noted 
in the brain stem. In the midbrain, 
only the central portion of the 
tegmentum, the superior cerebellar 
peduncle, and a portion of one cerebral 
peduncle were myelinated. In the 
midpons, numerous large areas of 
demyelination were seen, but the 
preservation of myelin was somewhat 
better than in the midbrain. In the 
medulla, only the center of the 
tegmentum remained myelinated. Ex- 
tensive demyelination was noted in 
the optic nerves and optic chiasm. 
Sections of the cervical, thoracic, and 
lumbar segments of the spinal cord all 
showed severe demyelination. The 
lesions in the spinal cord generally 
appeared to be older than those in the 
brain stem, but areas of recent 
demyelination were also seen. 


COMMENT 


Computerized tomographic find- 
ings in demyelinating diseases have 
been reported by several authors. 
Extensive symmetrical low-density 
areas corresponding to the centrum 
semiovale have been found in child- 
hood leukodystrophies*, while focal 
myelinoclastic processes, such as MS 
and progressive multifocal leukoen- 
cephalopathy, have been manifested 
most characteristically by circum- 
scribed areas of reduced density.’ 
Multiple sclerosis has also been asso- 
ciated with a high incidence of 
increased ventricular size and cortical 
atrophy. Among 34 patients with MS 
by clinical indexes, Jacobs and Kinkel’ 
found focal areas of decreased white 
matter density in 18%, ventricular 
enlargement in 26%, and cortical 
atrophy in 12%. Gyldensted* has 
reported the largest series of MS 
patients studied with CT. Low- 
density areas thought to correspond to 
focal demyelination, usually in the 
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Fig 3.—Coronal section of cerebral hemispheres shows plaques (arrows) at angles of 
lateral ventricles, bilaterally, and in corpus callosum in midline. 





Fig 4.—Section of rostral portion of corpus callosum shows several areas of demyelina- 
tion along dorsal and ventral margins (Luxol fast blue-PAS stain, x 6). 


periventricular regions, were shown 
in 3696 of 110 patients, while atrophy, 
identified by widened sulci and/or 
ventricular enlargement, was present 
in 45%. Contrast enhancement was 
carried out in 20 patients, 10 with 
plaques in the unenhanced scan and 10 
without plaques. In no instance did 
enhancement occur, and the procedure 
was felt to provide no additional infor- 
mation. In contrast to these reports, 
an example of extensive contrast 
enhancement in a focal demyelinating 


process is represented by a report of 
methotrexate-induced necrotizing leu- 
koencephalopathy that produced a 
"doughnut sign" following adminis- 
tration of contrast, suggesting the 
possibility of cerebral abscess.* Re- 
cently, Huckman et al* have described 
contrast-enhancing lesions in several 
patients with acute MS diagnosed 
clinically. Three more clinically deter- 
mined cases of acute MS with enhanc- 
ing plaques were reported by Aita et 
al.'^ Both reports indicate that follow- 
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Fig 5.—Hyperplastic blood vessels are noted at edge of plaque in corpus callosum. Area 
of demyelination on left contains many microglia, macrophages, and a few hypertrophied 
astrocytes. White matter in right half of picture is well preserved (hematoxylin-eosin, 
original magnification x 160). 
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Fig 6.—Hyperplastic blood vessel in area of recent demyelination in corpus callosum, 
surrounded by small number of macrophages with foamy cytoplasm and small lympho- 
cytes. Few hypertrophied astrocytes are seen scattered about vessel (hematoxylin- 
eosin, original magnification x 400). 
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up scanning after steroid-associated 
or spontaneous clinical remission 
showed evolution to nonenhancement 
of previous focal abnormalities. 

Enhancement following adminis- 
tration of iodine-containing contrast 
media may result from the presence of 
vascular structures carrying a suffi- 
cient volume of iodine-containing 
blood to contrast with surrounding 
structures. On the other hand, as Gado 
et al'^ have pointed out, enhance- 
ment of a variety of brain lesions 
depends on extravasation of iodine 
into the tissue, representing a viola- 
tion of the blood-brain barrier. These 
authors were able to show, by compar- 
ing the increment of x-ray attenua- 
tion (ie, the increase of tissue density 
to x-rays) produced by contrast in a 
given volume of lesion with the simul- 
taneous increment in an equal volume 
of venous blood, that such extravasa- 
tion of iodine into tissue must occur 
since, in some cases, tissue iodine 
content is even higher than that of 
blood. Administration of contrast in 
the present case caused an increment 
of x-ray attenuation (ie, increased 
density to x-rays) in areas of interest 
of nine units. No venous blood sample 
was drawn simultaneously, but vascu- 
lar structures, the straight sinus and 
torcula, are included in the same slice, 
and they are isodense with the focal 
periventrieular lesions both before 
and after administration of contrast. 
If the enhancement following admin- 
istration of iodine-containing contrast 
in the periventricular areas were due 
to intravascular contrast media, their 
entire volume would be blood. While 
the pathologic material indicates in- 
creased vascularity, the more tenable 
conclusion is that iodine has leaked 
from the vessels into the paren- 
chyma. 

The pathogenesis of demyelination 
in MS is a subject of ongoing research 
attention and controversy. That vas- 
cular structures and alterations of 
their integrity may be important in 
that process has been suggested by 
pathologic, experimental, and clinical 
evidence. Dow and Berglund’ and 
Fog'* have described the character- 
istic topography of demyelinated 
plaques, which are frequently located 
around a central vein, and concluded 
that such a relationship is evidence 
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that vasculopathy may determine the 
site of demyelination. A second line of 
evidence is represented by the work of 
Broman,/* demonstrating increased 
vascular permeability in histopatho- 
logically fresh MS lesions by supravi- 
tal techniques. Much better docu- 
mented is the behavior of the blood- 
brain barrier in experimental allergic 
encephalitis, in which an early change 
in vascular permeability has been 
thought important in subsequent de- 
myelination."? The 
parallels between MS and the experi- 
mental disease are, however, not well 
established. 

Finally, clinical experience with 
radionuclide brain scanning suggests 
that focal isotope uptake, interpreted 
as breakdown of blood-brain barrier, 
may be a feature of acute lesions. 
Experience with isotope scanning in 
MS, reported in the English literature, 
is limited to a handful of cases. 
Seaman et al? reported a single case 
with intense uptake of radioiodinated 
human serum albumin. Subsequent 
autopsy showed acute demyelination. 
Overton et al'* described uptake of 
chlormerodrin Hg 203 and chlormero- 
drin Hg 197 in one patient with clini- 
cally acute MS. A follow-up scan was 
normal. Miller and Potsaid^? and 
Cohan et al? also found abnormal 
uptake of technetium Tc 99m in single 
eases of acute MS with scans later 
reverting to normal. The latter report 
included 38 other patients with MS of 
unspecified activity, all with normal 
scans. Antunes et al? studied 160 MS 
patients, "most" during acute exacer- 
bation. They found three abnormal 
scans (1.896). One case was verified by 
biopsy. Gize and Mishkin” scanned 28 
patients with technetium Te 99m. 
Five of the 14 patients with clinically 
acute disease showed focal uptake, 
while none of the other 14 had 
abnormal scans. On the other hand, 
Moses et al studied 19 MS patients, 
14 of whom were clinically determined 
to be in exacerbation, and found no 
instance of abnormal uptake with 
technetium Tc 99m. These data would 
suggest that the incidence of abnor- 
mal scans, presumably reflecting 
blood-brain barrier disturbance, is low 
in MS, even when the procedure is 
performed during exacerbation. One 
might expect, however, that the typi- 
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cal plaque distribution, with predispo- 
sition to deep periventricular localiza- 
tion for which isotope scanning is 
notoriously insensitive, might be re- 
sponsible for an artifactually low rate 
of abnormal studies. Computerized 
tomography will not be limited by 
depth considerations, as shown by the 
current case. 

In summary, the radiologic and 
pathologic findings in a case of acute 
MS show that demyelinating plaques 
were enhanced with CT. The un- 
enhanced scan performed prior to 
administration of contrast is normal. 
It appears that contrast enhancement, 
probably reflecting extravasation of 
iodine through a damaged blood-brain 
barrier, may occur in MS, probably 
early in the pathogenetic process of 
plaque formation. Contrast enhance- 
ment may be an important diagnostic 
procedure, both in the demonstration 
of abnormalities that might escape 
detection in the unenhanced scan, and 
also in the assessment of the activity 
of established disease. That contrast 
enhancement occurs in acute MS 
suggests that disruption of the blood- 
brain barrier may be important in the 
pathogenesis of demyelination. 


Nonproprietary Name and 
Trademarks of Drug 


Corticotropin—Actest, Acthar, Actrope, 
Cortigel, Cortrophin, Depo-ACTH, Du- 
racton. 
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Antibody Response to Arboviruses 


Absence of Increased Response in Amyotrophic Lateral Sclerosis and Multiple Sclerosis 


Richard J. Kascsak, PhD; Robert E. Shope, MD; Hyman Donnenfeld, MD; Harry Bartfeld, MD 


* Complement fixation and hemaggluti- 
nation inhibition tests were conducted on 
the serums of patients with amyotrophic 
lateral sclerosis and multiple sclerosis 
using a variety of arboviral antigens. 
Seventy-eight complement fixation and 15 
hemagglutination-inhibition viral antigens 
were used representing togaviruses, or- 
biviruses, rhadoviruses, bunyaviruses, ar- 
enaviruses, and several ungrouped 
agents. The serological results did not 
indicate any relationship between these 
viruses and either amyotrophic lateral 
sclerosis or multiple sclerosis. 

(Arch Neurol 35:440-442, 1978) 


myotrophic lateral sclerosis (ALS) 
and multiple sclerosis (MS) have 
suspected, but as yet unconfirmed, 
viral etiologies. Serological studies? 
have thus far failed to show valid 
candidates for the causative agent in 
either of these diseases (the high anti- 
body titers to measles and other 
viruses present in patients with MS 
may be a function of histocompatibili- 
ty antigen [HLA] type).? One category 
of viral agents as yet unexamined in 
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these serological studies are the arbo- 
viruses. This unusually large assem- 
blage of viruses contains more than 
300 members comprising 24 groups 
and one supergroup representing to- 
gaviruses, rhabdoviruses, orbiviruses, 
and bunyaviruses.' The arenaviruses 
are also represented, within the 
Tacaribe group, although these vi- 
ruses do not conform to the functional 
definition of arbovirus since arthro- 
pod transmission has not been estab- 
lished. 

Many arboviruses are neurotropie, 
with the potential to produce encepha- 
litis and meningitis. Human infection 
is common and these viruses are 
responsible for periodic human epi- 
demics.’ Inapparent and subclinical 
responses are frequently seen, a 
condition which may possibly lead to 
viral persistence. Persistent infec- 
tions mediated by antibody, defective 
interfering particles, or temperature 
sensitive mutants have been estab- 
lished in vivo* and in vitro™* with 
these agents. Certain togaviruses? can 
produce progressive CNS changes 
long after the acute phase of the 
infection and at a time when virus is 
very difficult to isolate from brain 
material. These progressive changes 
may involve degeneration, hypertro- 
phy, and astrocytosis. A flavi virus, 
belonging to the tick-borne encephali- 
tis complex, has been isolated from 
the CSF of an atypical patient with 


ALS. The presence of rhabdovirus- 
like particles has been reported in the 
neurons of the precentral gyrus and 
anterior horns of the spinal cord of a 
patient with ALS." Thus, these 
agents to warrant examination as 
factors in chronic neurological dis- 
eases. 

Serums from patients with ALS 
were obtained as part of an ongoing 
research project on ALS from St 
Vincent’s Hospital, New York. Se- 
rums from patients with MS were 
obtained from Peter Dowling, MD, 
College of Medicine and Dentistry, 
Newark, New Jersey, and John Hen- 
nessen, MD, St Charles Hospital, New 
York. All patients and controls resided 
within the New York and New Jersey 
metropolitan area. Serums were sepa- 
rated into five groups: MS, ALS, ALS 
contacts, neurological controls, and 
normal controls. Control groups were 
age-matched to the ALS group. 

The complement fixing antibody 
responses to arbovirus infection tend 
to be short lived. The possibility of 
serological conversion to a recent or 
chronie viral infection was investi- 
gated by complement fixation (CF) 
analysis. Complement fixation tests 
were conducted against antigens of 78 
selected arboviruses and arenaviruses 
(Table 1). The test procedure was the 
four-drop method as designated by 
Casals." Antigens were prepared 
from suckling mouse brains infected 
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Complement Fixation Activity 






Amyotrophic 
No. of Multiple Amyotrophic Lateral Sclerosis Neurological 

Representative Sclerosis Lateral Sclerosis Contact Controls Control 

Viral Group Viruses (N = 20) (N = 23) (N = 13) (N = 28) (N = 21) 

Anopheles A 

Anopheles B 

Bluetongue 


Bunyamwera supergroup: 
Bunyamwera 


4 
Group C 2 
Capim 4 
California 3 
2 
1 
4 
3 






















1* 
Guama 
Patois 
Simbu 
Undesignated 
Epizootic 
hemorrhagic disease of deer 
Hughes 
Kaisodi 
Kemerovo 



















Phlebotomus fever 
Tacaribe 


Flavi 7 s vis ast es ons ae 
Ungrouped 7 e 1 17 uL tied 


1 
Vesicular stomatitis 3 






*Positive at 1:8 dilution. 
Tindividual positive against both Nariva and Lone Star viruses. 


Table 2.—Serum Hemagglutination Inhibition Activity Against Selected Arboviruses 


Hemagglutination Inhibition Activity 
——M————————————————————————— 
Amyotrophic 
Multiple Amyotrophic Lateral Sclerosis Neurological 
Sclerosis Lateral Sclerosis Contact Controls Controls 
Antigen (N = 20) (N = 23) (N = 13) (N = 28) (N = 21) 
Eastern equine encephalitis ae By i 
Western equine encephalitis 
Venezuelan equine encephalitis 
Mayaro 
Modoc 
Powassan 
Dengue-2 
Yellow fever 
California La Crosse 
Anopheles A Tacaiuma 
Phlebotomus fever Punta Toro 
Mermet 
Turlock Turlock 
Ungrouped Lone Star 





*Positive at a 1:10 dilution or greater. 
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with the designated virus at the Yale 
Arbovirus Research Unit, New Haven, 
Conn. Antigens were used at a 1:4 and 
a 1:40 dilution, which represented in 
most cases approximately 4 and 40 
units, respectively. All serums were 
tested at a 1:8 dilution. Results, given 
in Table 1, indicate little CF activity 
against these viruses in the serums of 
our test populations. Only two of 23 
ALS serums reacted with any antigen, 
one with Capim (1:8) and the other 
with Nariva (1:8). One ALS contact 
reacted both with Nariva (1:8) and 
Lone Star (1:16). The serums from the 
MS, neurological control, and normal 
control groups failed to react at a 1:8 
dilution with any of the antigens 
given in Table 1. 

Since the results of CF testing indi- 
cated the absence of a chronic immune 
response, the hemagglutination inhi- 
bition (HI) test was used as a long 
lasting monitor of previous exposure 
to these viruses. The procedure of 
Clarke and Casals? was used. Tests 
were conducted at the following pH: 
alpha viruses, pH of 6.2; flavi viruses, 
pH of 6.4; and the other groups given 
in Table 2 at a pH of 5.75, with 0.4M 
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NaCl in the goose cell diluent.'* All 
serums were acetone precipitated 
twice, adsorbed with goose cells, and 
used at a 1:10 dilution. Results, given 
in Table 2, display a low degree of HI 
activity against these viruses, Reac- 
tivity was mostly confined to the flavi 
group with responses to St Louis 
encephalitis and dengue-2 viruses. 
Activity was more or less equally 
divided among the test populations 
with titers generally between 1:20 and 
1:40. St Louis encephalitis virus is 
endemic to the central and southern 
United States, but outbreaks in eas- 
tern United States have occurred as 
far north as New Jersey.’ Thus, it is 
not surprising that serums from some 
of the population in this survey reacts 
with this virus. All serums that reac- 
ted against dengue-2 also reacted 
against St Louis encephalitis virus. 
Hemagglutination inhibition cross re- 
activity does occur between dengue-2 
and St Louis encephalitis viruses. 
However, since all patients with 
dengue-2 HI titers were either of 
Cuban or South American nationality, 
where the virus is endemic,’ the 
results would seem to indicate actual 
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One 
patient with ALS contact did have HI 
activity (1:10) against Lone Star virus 
(Table 2), but this was not the same 
individual who expressed CF activity 
(Table 1). These two cases represent 
the first report of reactivity to Lone 


exposure to dengue-2 virus. 


Star virus in man. None of the 
patients with ALS exhibited CF or HI 
activity against this virus. 

In this serological survey of arbovi- 
ruses, a wide range of viral classes, 
orbiviruses (six antigens), togaviruses 
(alpha, four antigens; flavi, eight anti- 
gens), rhabdoviruses (11 antigens), 
bunyaviruses (35 antigens), and sev- 
eral unclassified and ungrouped 
agents, have been examined. Serum 
CF and HI test results indicate no 
serological evidence to implicate any 
of these viruses as agents involved in 
either ALS or MS. 
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Miconazole Therapy for Fungal Meningitis 


James P. Sung, MD; Guy D. Campbell, MD; Jan G. Grendahl, MA 


e Eight patients with fungal meningitis 
(5 with the coccidioidal type, 2 with cryp- 
tococcal, and 1 with histoplasmosis) were 
treated with intravenous (IV) and intrathe- 
cal (IT) miconazole after previous therapy 
with amphotericin B proved unsuccess- 
ful. 

Miconazole was well tolerated with both 
IV and IT administration. The CSF 
concentration of miconazole one hour 
after an IV infusion of 800 mg was 0.1 to 
0.3 g/ml. When 20 mg of miconazole 
was administered intrathecally via lumbar 
injection in patients with coccidioidal 
meningitis, 6.5, 2.4, 0.77, and 0.24 ug/ml, 
respectively, was found in the CSF at the 
cisternal level at 12, 24, 48, and 72 hours, 
respectively. 

Miconazole is apparently an effective 
fungistatic drug of low toxicity and is a 
potentially useful agent in the treatment of 
systemic mycoses and fungal meningitis, 
in particular. 

(Arch Neurol 35:443-447, 1978) 


ungal meningitis is one of the 

most diffieult infections to treat. 
Chemotherapy for systemic mycoses 
is restricted to a few effective drugs; 
one of the most important, amphoter- 
icin B, is often nephrotoxic. In 
previous reports, we detailed our 
experiences with miconazole for the 
treatment of systemic mycoses.'? We 
now report the treatment of eight 
patients with fungal meningitis. Mi- 
conazole appears to be safe, with a 
broad-spectrum antifungal activity.** 
At the present time, miconazole is 
experimentally used to treat systemic 
candidiasis, coccidioidomycosis, cryp- 
tococeosis, histoplasmosis, and other 
fungal infections.'?? 7" 


PATIENTS AND METHODS 


Since September 1974, 16 patients, one 
woman and 15 men, aged 21 to 65 years, 
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were treated for systemic mycoses with 
intravenous miconazole. Eight of these 
patients had fungal meningitis and were 
also treated with intrathecal miconazole. 
Of the eight cases of meningitis, five were 
due to Coccidioides immitis, two to Crypto- 
coccus neoformans, and one to Histoplasma 
capsulatum. All eight had been previously 
treated with amphotericin B in doses rang- 
ing from 2.5 to 15.2 g; these regimens had 
been ineffective in controlling the menin- 
gitis at the time of referral. All eight 
patients had other concurrent serious 
illnesses at the beginning of miconazole 
therapy (Table 1). The patient with Histo- 
plasma  meningoencephalitis had been 
treated at the Veterans Administration 
(VA) Hospital, Jackson, Miss; the other 
patients had been treated at the VA Hospi- 
tal, Fresno, Calif. Four of the five patients 
with coccidioidal meningitis were referred 
to the Fresno VA Hospital from other 
states. 

After obtaining an informed consent 
from each patient or their legal guardian, 
miconazole was administered according to 
the protocal described previously.*? Exten- 
sive laboratory studies were performed for 
evaluation of possible renal, hepatic, hema- 
tological, biochemical, and CNS toxicity, 
before, during, and after completion of 
therapy.* 


THERAPY 


Intravenous (IV) Therapy.—A central ve- 
nous catheter (CVC) was placed either by 
the percutaneous subclavian route or via 
cephalic vein cutdown to avoid repeated 
venous punctures and thrombophlebitis of 
peripheral veins. Central venous catheters 
were kept open with 500 ml of an appro- 
priate intravenous fluid every 24 hours. 
The catheter site was cleansed and dressed 
every three days with gauze dipped in a 
povidone-iodine mixture. Therapy was ini- 
tiated with 200 mg of miconazole diluted 
with 50 to 100 ml of an otherwise indicated 
IV fluid infused via a piggyback over a 
period of 15 to 30 minutes every eight 
hours. A faster rate (less than five 
minutes) of infusion was avoided because 
of adverse cardiac effects, including ven- 
tricular tachycardia.*'* Each patient was 
monitored by ECG during the first few 
infusions to assure there were no adverse 
cardiac effects. If no side effects developed 
after two days, the daily dosage was 
progressively increased to a maximum of 
1,000 mg every eight hours. However, our 


cumulative experience showed the optimal 
dosage was 600 mg per infusion every 
eight hours. Serum and CSF concentra- 
tions of the drug were measured. At the 
termination of therapy, catheter tips were 
cultured for fungi and bacteria. 

Intrathecal (IT) Therapy.-A 22-gauge 
spinal needle was used to enter the follow- 
ing interspaces: (1) lumbar region at the 
third to fourth or fourth to fifth interspace, 
(2) cervical region between C1 and C2, or 
(3) cisterna magna. A 26-gauge needle was 
used if a shunt or Ommaya reservoir was 
available. The maximum dosage of micona- 
zole was 20 mg per injection by the lumbar . 
route and 10 to 15 mg per injection by the 
other routes. The dosage was reduced to 
less than 10 mg per injection if the patient 
had an obstructive hydrocephalus; this 
frequently occurred in patients with 
coccidioidal meningitis. Very high cumula- 
tive concentrations of miconazole have 
been observed in several patients with this 
complication. 

This three-syringe technique was used 
for administering miconazole: After posi- 
tioning the spinal needle in the appropriate 
interspace, the first syringe was used to 
remove CSF for laboratory studies. A 
second syringe was connected and 8 to 10 
ml of CSF is removed. A third syringe 
containing miconazole was connected and 
an additional 6 to 8 ml of CSF withdrawn. 
This syringe was then disconnected to 
allow complete mixing of the miconazole- 
CSF solution. After mixing, the syringe 
was reconnected and the mixture injected 
over a 90- to 180-second period. Following 
this, the second syringe was reconnected 
and the CSF reinjected to flush the needle 
and injection site. 

The first injection was given by lumbar 
puncture. After the injection, the patient 
was placed in a Trendelenburg position for 
90 to 180 minutes. Miconazole was not 
administered in a 10% glucose solution 
because the specific gravity is already 
elevated. Determinations of miconazole 
levels in CSF were made from cisternal 
fluid (Fig 1). Succeeding injections were 
alternated between the other interspaces 
or reservoir (if available) daily to every 
fourth or fifth day, depending on the 
severity of the meningitis and the clinical 
response of the patient. Alternating injec- 
tion sites and flushing the injection needle 
and area with CSF was presumably 
responsible for a reduction in the incidence . 
and extent of chemical arachnoiditis, which 
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Table 1.—Patient Data Prior to Miconazole Therapy 


Patient/ 
Age, yr/ Type of Previous Therapy and 
Sex Race Meningitis Duration of Treatment* Other Conditions 
1/65/M Mexican/ Coccidioidal Amphotericin B IV, 7 mo; Congestive heart failure, pneumonia, septicemia from 


American miconazole IV, 2 mo urinary tract infection, deep coma 


2/55/M Coccidioidal Amphotericin B IV and IT, 30 mo Urinary tract infection, confusion and disorientation, 
confinement to wheelchair, obstructive hydrocephalus 
with infected shunt reservoir 


3/59/M Cryptococcal Amphotericin B IV and IT, Cirrhosis of liver with jaundice, aplastic anemia, bacterial 
flucytosine, 7 mo endocarditis, left cerebral infarctions, chronic renal 
disease, coma 
4/64/M Coccidioidal Amphotericin B IV and IT, 6 mo Urinary tract infection with indwelling Foley catheter, 
pulmonary tuberculosis, obstructive hydrocephalus 
with infected shunt reservoir by Staphylococcus 
epidermis, obtunded 


5/45/M Coccidioidal Amphotericin B IV and IT, 6 mo Obstructive hydrocephalus, right third cranial nerve 
paralysis 

6/37/M Histoplasmosis Amphotericin B IV and IT, 3 yr Stage IV Hodgkin's disease, severe dissemination of 
Histoplasma, obtunded 


7/57/M Cryptococcal Amphotericin B IV, 3 mo Gram-negative septicemia, obtunded progressing to deep 
coma 


Coccidioidal Amphotericin B IV and IT, 2 yr; Obstructive hydrocephalus, confusion, disorientation 
miconazole IV and IT, three 
courses, 6 mo; transfer factor, six 
treatments 





*IV indicates intravenous; IT, intrathecal. 


was a frequent problem in our earlier 
experience with this drug.* 


RESULTS 


During the course of IV miconazole 
therapy, several hematological and 
biochemical abnormalities were ob- 
served. (1) Erythrocyte aggregations 
in vitro occurred in all patients when 
the infusion dosage was greater than 
600 mg every eight hours. This find- 
ing subsided when the dosage was 
decreased to 400 mg. (2) Microcytic 
anemia, with or without changes in 
serum iron concentration and iron 
binding capacity, occurred in 11 of 16 
patients. Bone marrow examinations 
showed normal or depleted iron stor- 
age. (3) Transient alterations of 
platelet counts were observed in five 
of 16 patients. One count decreased 
and four increased, with normal 
megakaryocyte activity observed in 
bone marrow examinations. (4) Eleva- 
tion of serum triglyceride concentra- 
tions with or without elevation of 
cholesterol levels were studied in the 
last eight patients. Unlike the first 
abnormality mentioned, this elevation 
was not dosage-related. The previous 
abnormalities were reversible on dis- 
continuation of therapy. No persistent 
adverse effects have been found in 36 


ugm/ml miconazole 





HOURS POST INJECTION months of observation in the first 
Fig 1.—Cisternal concentrations of miconazole following 20 mg lumbar injection in three patients. 
patient with coccidioidal meningitis (from' Sung et al). Several other minor side effects 
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were observed in most of the patients 
receiving miconazole IV, including 
nausea with or without vomiting, 
blurred vision, dryness of eyes, 
arthralgia, and, most commonly, pru- 
ritus of variable degree and location. 
Pruritus was controlled by oral or IV 
administration of diphenhydramine 
hydrochloride (Benadryl). These ef- 
fects subsided when the infusion 
dosage was reduced to less than 600 
mg every eight hours. A total of 2,409 
IV infusions have been performed in 
16 patients, with no measurable 
impairment of renal function. No 
evidence of deteriorating renal func- 
tion was observed in six patients who 
had renal impairment prior to micona- 
zole therapy. 

Arachnoiditis.—In our first experi- 
ence with IT miconazole therapy, 
arachnoiditis at the injection site was 
evidenced by the presence of pain, 
induration, bloody CSF, and difficulty 
in entering the  subarachnoidal 
spaces.’ Since initiation of the new 
procedure, these problems have been 
reduced. 

Cisternal Hemorrhage.—One fatal 
and three nearly fatal complications 
have occurred due to cisternal hemor- 
rhage from needle trauma. The cardi- 
nal signs of this complication were as 
follows. Ten to 15 minutes following 
cisternal tap, the patient suddenly 
experienced chills followed by occipi- 
tal headaches, nausea, vomiting, pro- 
fuse perspiration, hyperpyrexia, hy- 
pertension, tachycardia, rapid and 
shallow respirations, bilaterally con- 
stricted pupils, and decreasing level of 
consciousness rapidly progressing to 
coma. The CSF was grossly bloody and 
under noticeably elevated pressure. 
Treatment consisted of immediate 
lumbar tap to remove enough CSF to 
bring the intrathecal pressure down to 
upper normal limits, light sedation, 
and complete bed rest. Soon after 
lowering the IT pressure, the patient’s 
respiration rate improved and a 
consciousness returned in two to six 
hours. A cerebral angiogram was 
performed after the patient’s condi- 
tion stabilized to search for other 
causes of IT hemorrhage, and none 
was found. 

CSF Miconazole Concentration.—Mi- 
conazole crosses the blood-brain bar- 
rier to a limited extent. The CSF 
concentrations one hour after an IV 
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HOURS POST INJECTION 


Fig 2.—Plasma concentrations of miconazole following intravenous injection (from Sung 


et al^). 


infusion of 800 mg miconazole ranged 
from 0.1 to 0.3 ug/ml as measured by 
16 determinations in 12 patients. In 
vitro sensitivity of the fungal isolates 
from these patients was found at 0.6 
ug miconazole per milliliter. When 20 
mg miconazole was administered via 
the lumbar route in patients with 
coccidioidal meningitis, 6.2, 2.4, 0.7 
and 0.24 ug/ml, respectively, were 
present in cisternal CSF at 12, 24, 48 
and 72 hours, respectively (Fig 1). 
Concentrations of miconazole are 
higher and this concentration is main- 
tained longer in CSF after IT admin- 
istration than in serum after IV infu- 
sion (Fig 1 and 2). 

CSF Findings.—In four of five cases 
of coccidioidal meningitis, the CSF 
protein concentration, cell count, and 
complement fixation titer were re- 
duced at the termination of therapy 
(Table 2). The patient with Histoplas- 
ma meningitis showed increased glu- 
cose concentration, improvement of 
level of consciousness, and sterile CSF 
cultures after IV and IT treatment 
(Table 3). Two patients with crypto- 
coccal meningitis showed decreased 
protein levels and cell count and 
increased glucose concentration; one 
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had a sterile CSF culture at the end of 
therapy, but cultures and india ink 
studies of CSF from the second 
patient were persistently positive (Ta- 
ble 3). This patient died of cisternal 
hemorrhage during the course of 
treatment. 

Patients.—These patients were re- 
ferred to us after unsuccessful ampho- 
tericin B therapy. Most were in poor 
condition at admission. Three were in 
deep coma; three were obtunded and 
responded only to painful stimuli; one 
was confused, disoriented, and con- 
fined to a wheelchair; and only one 
was able to walk alone. 

During the course of therapy, seven 
patients required some form of nutri- 
tional support. Initially, these seven 
had nasogastric tube feedings; four 
required intravenous hyperalimenta- 
tion. Two eventually required subse- 
quent feeding gastrostomies. Four of 
five patients with coccidioidal menin- 
gitis had obstructive hydrocephalus, 
and three had ventriculosystemic 
shunts. Two of the shunt reservoirs 
were infected with Staphylococcus 
epidermidis, and treatment was as 
recommended by McLaurin. One 
patient with cryptococcal meningitis 
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Table 2.—CSF Values in | Patients With Coccidioidal Meningitis* 


After Intrathecal 
Miconazole Therapy 
ER PRAEBET ICA ie dE SUCRE NOE, eR a eel en an qm M c rene cca 
Total 
Intrathecal 
Dosage 
420 mg 
220 mg 
204 mg 
160 mg 
216 19 : 295 42 21 NA 


Before Intrathecal 
Miconazole Therapy 


Protein, Cells/ Glucose, Protein, Cells / Glucose, Days on 

mg/dl cu mm mg/dl mg/dl cu mm mg/dl Regimen 
780 138 28 25 67 46 
188 23 49 28 55 35 
380 16 33 : 88 76 : 64 
288 69 40 90 54 35 
560 





*CFT indicates complement fixation titer 4 plus; NA, not available, patient is continuing treatment. 
TVentriculosystemic shunt placed because of hydrocephalus. 


fused further spinal injections. A 
computerized tomographic scan 
showed that a moderate, obstructive 
hydrocephalus had developed. He was 
then referred to us. He is now being 
treated with IV and IT miconazole 
(the latter through a lateral cervical 
approach, which has been tolerated 
fairly well). Eventually, we will 
implant an Ommaya reservoir and use 
a combination of amphotericin B and 


Table 3.—CSF Values in Patients With Cryptococcal and Histoplasma 
Meningitis 
Cultures 


Patient Protein, mg/dl Cells/cu mm* 


eso miconazole regimen 


Glucose, mg/dl 


850 YC 
1,872 YC 
83 WBC 


Positive 
Positive 
Positive 


"s miconazole regimen 
: 100 


180 513 YC 
110 128 WBC 


No cells Negative 
Positive 


Negative 





*YC indicates yeast cells. 
TPatient 3 had histoplasmosis. 


had concurrent cirrhosis of the liver, 
subacute bacterial endocarditis, im- 
paired renal function, aplastic anemia 
from previous therapy (amphotericin 
B and flucytosine), and a cerebral 
infarction. Despite improvement of 
his meningitis, this patient died of 
multiple organ failure. The second 
patient with cryptococcal meningitis 
showed decreasing CSF protein con- 
centrations and cell count and increas- 
ing glucose levels. Unfortunately, this 
patient died of cisternal hemorrhage 
during treatment. The patient with 
concurrent Hodgkin’s disease and 
Histoplasma meningoencephalitis 
presented a very difficult therapeutic 
problem. Every attempt to control the 
Hodgkin’s lymphoma by chemothera- 
py resulted in an increased dissemina- 
tion of the Histoplasma. Because of 
this, the Hodgkin’s disease could not 
be treated adequately. The patient 
died of Hodgkin’s disease and multi- 
ple organ failure from Histoplasma 
dissemination. At autopsy cultures 
from CSF and brain tissues were ster- 
ile, but H capsulatum was cultured 
from the liver, spleen, adrenal glands, 
and lymphoid tissues. 

Five of eight patients died—a 
mortality of 62.5%. The meningitis 
had been improved or controlled with 
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the combined therapy, and the pri- 
mary causes of death were other 
conditions. Three patients (2, 6, and 8) 
are alive. In case 2, the patient had 
obstructive hydrocephalus from coc- 
cidioidal meningitis, which necessi- 
tated a ventriculoatrial shunt. At 
admission, he was confused and in a 
wheelchair. Now, 24 months after 
completion of therapy, he is doing well 
both mentally and physically. He is 
able to ride a bicycle and may be able 
to return to work soon. The CSF 
examinations performed every three 
months since his discharge remain 
normal, with a negative complement 
fixation titer. Patient 6 also had a 
ventriculoatrial shunt for obstructive 
hydrocephalus from coccidioidal men- 
ingitis. Twenty months after comple- 
tion of therapy he is doing well. 
Patient 8 had coceidioidal meningitis 
and received IV and IT amphotericin 
B therapy from August 1975 to Febru- 
ary 1977. In the latter part of 1976, he 
also received IV and IT miconazole as 
well as transfer factor. After a brief 
period of improvement, his disease 
progressively worsened. He had al- 
ready had more than 100 spinal punc- 
tures for amphotericin B and micona- 
zole therapy. Because of severe pain 
from arachnoiditis, the patient re- 


miconazole if neither drug alone is 
effective. 


COMMENT 


Untreated fungal meningitis is 
almost invariably fatal.'**'* Since 1956, 
amphotericin B has substantially re- 
duced the mortality of various fungal 
meningitides.^'' Unfortunately, the 
effectiveness of this drug has been 
restricted by the frequent necessity to 
discontinue therapy because of untow- 
ard side effects and toxicity.'*'* It is 
clear that an alternative drug would 
be advantageous. 

Miconazole was initially studied in 
one of our moribund patients suffer- 
ing from severe disseminated coccid- 
ioidomyeosis.' A prompt clinical im- 
provement generated our interest in 
further evaluation of this drug. The 
clinieal experiences detailed in our 
previous reports suggested the possi- 
ble beneficial role of this agent in the 
treatment of systemic mycoses.'? 

Initially, IT therapy with micona- 
zole was attempted empirically. At 
that time, no information was avail- 
able from either the Food and Drug 
Administration or pharmaceutical 
company producing the drug regard- 
ing dosage and safety of this therapy. 
The dosage of 20 mg per injection that 
we submitted to the FDA was deter- 
mined by comparing our experiences 
with IV and IT amphotericin B to IV 
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and droit IT a thera- 
py.22° Despite the dissimilarity in 
structure ahd mode of action of these 
drugs, this dose appears to be safe and 
effective. 

Three patients with cryptococcal 
meningitis have had good clinical 
response to IV  miconazole alone 
according to other investigators 
(Louis Weinstein, MD, oral communi- 
cation, 1976). Experience in treating 
CNS involvement from H capsulatum 
infections is limited due to its rarity. 
In general, the therapy for this 
disease is similar to that for crypto- 
coccal meningitis.”?? For coccidioidal 
meningitis, intrathecal administra- 
tion of antifungal drugs remains the 
mainstay of therapy to achieve a 
maximum drug concentration in the 
basal cisterns, hoping to eliminate the 
occurrence of obstructive hydrocepha- 
lus—the most common complication of 
this disease." Our first patient 
treated with IT miconazole clearly 
proves the necessity for this type of 
treatment, since he was receiving 
intravenous miconazole when the 
meningitis developed.* 

Mieonazole was administered IV 
through a central venous catheter in 
all 16 patients. The duration of the 
central venous catheter placement in 
the superior vena cava varied from 14 
to 156 days, with a mean of 68 days. 
All cultures of the catheter tips at the 
termination of therapy were sterile; 
only four patients received another 
antibiotic. 

Except for an increase in preexist- 
ing jaundice observed in one patient 
with cryptococcal meningitis and con- 
current cirrhosis of the liver, no other 
measurable abnormal liver functions 
were noted in 16 patients treated with 
the drug. Degenerative changes of 
hepatic cells in the central lobular 
areas were observed on autopsy exam- 
ination in three patients. These 
patients also had congestive heart 
failure during their illness, making 
this finding difficult to evaluate. Six 
patients had evidence of impaired 
renal function prior to miconazole 
therapy but showed no evidence of 
further decreased function during or 
after therapy. Even when adminis- 
tered to one patient with acute renal 
failure, miconazole therapy did not 
cause any adverse renal effects. Neph- 
rotoxicity was not observed; this is in 
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saab with other data.” 24,2 s Hyper- 
lipidemia was observed,” as reported 
by other investigators." Most of the 
adverse effects of miconazole therapy 
could be the result of the carrier solu- 
tion. However, all of the previously 
mentioned abnormalities are revers- 
ible on discontinuing the drug. No 
adverse effects remain in 11 surviving 
patients treated with miconazole; the 
first patient completed therapy 36 
months ago. 

Although miconazole is still in the 
investigational state and long-term 
its use should 
not be discouraged when amphoteri- 
cin B therapy is no longer viable. Not 
all of the patients responded equally 
well, but in those patients with menin- 
gitis, there was a preponderantly good 
response. 

From our clinical experiences thus 
far, miconazole appears more effec- 
tive when given IT for treatment of 
fungal meningitis than when given IV 
for soft-tissue fungal infections. 
Therapeutic concentrations in CSF 
are higher and remain elevated longer 
when given IT than those obtained in 
serum from intravenous administra- 
tion (Fig 1 and 2). Our impression is 
that miconazole is a safe and effective 
antifungal agent that can be used as 
an alternative to amphotericin B for 
the treatment of systemic mycoses 
and fungal meningitis, in particular. 


This investigation was supported by the Medi- 
cal Research Service of the Veterans Administra- 
tion. 

Miconazole was supplied by Janssen R&D 
Incorporated, New Brunswick, NJ. Figures 1 and 
2 are reprinted with the permission of The West- 
ern Medical Journal. 


Nonproprietary Names 
and Trademarks of Drugs 


Amphotericin B—F'ungizone. 
Flucytosine—A ncobon. 
Miconazole—Monistat iv. 
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Seizures of Axial Structures 


Presumptive Evidence for Brain Stem Origin 


Morton Nathanson, MD; Allan Krumholz, MD; David Biddle, MD 


€ Scattered reports, both clinical and 
experimental, have been accumulating in 
the past 20 years indicating that true 
seizures may, indeed, originate from the 
brain stem and its immediate connec- 
tions. Four cases are reported that give 
further strong presumptive evidence that 
this is so. All the seizures were confined 
to axial structures (face, tongue, palate, 
pharynx, diaphragm, and abdomen), and 
in one case each seizure had an identical 
*Jacksonian march." The phenomena 
were documented by 16-mm motion 
pictures, brain stem signs, and electroen- 
cephalography. The EEG consisted of 
periods of burst activity followed by rela- 
tive interictal electrocerebral silence. 

(Arch Neurol 35:448-452, 1978) 


The axial motor system includes 
the structures of the face, 
tongue, palate, diaphragm, abdomen, 
and proximal portions of the extremi- 
ties. It has been postulated that some 
paroxysmal disorders of these axial 
structures may actually represent epi- 
leptiform seizures originating subcor- 
tically in the brain stem or its imme- 
diate connections.'? The clinical disor- 
ders that have been implicated include 
paroxysmal dysarthria, periodic alter- 
nating nystagmus, paroxysmal hic- 
cups, painful tonic seizures of multiple 
sclerosis, and some forms of myoclo- 
nus.^? A well-known and neuropatho- 
logically substantiated disorder of the 
axial motor system is the syndrome of 
myoclonus of the palate and related 
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structures. Lesions of the communi- 
cating pathways making up the trian- 
gle of the inferior olive, dentate 
nucleus, and red nucleus have been 
found to be related to rhythmic, but no 
paroxysmal or epileptiform, disorders 
of the axial motor system.*' Except 
for Hughlings Jackson's detailed and 
eloquent description in 1902 of the 
pattern of what he called "bulbo- 
pontal fits" and the evidence derived 
from electrical and metabolic studies 
in animals, there have been few clini- 
cal descriptions in humans.'? Episodic 
motor phenomena confined to axial 
structures are presented in four cases 
that we consider to be strong 
presumptive evidence that such disor- 
ders do originate in the brain stem. 


REPORT OF CASES 


Case 1.—A 65-year-old man developed 
features of a rapidly progressing brain 
stem disorder manifested by lethargy, 
dysarthria, paralysis of the right limbs, 
dystaxia of the left limbs, and bilateral 
Babinski reflexes three days following 
surgery for carcinoma of the rectum. Over 
the next 36 hours the patient lapsed into 
coma. On the third day following the 
appearance of the neurologic deficits, the 
patient began having seizures in the form 
of clonic movements starting with the 
platysma muscles, spreading to the lower 
jaw, followed by the tongue, palate, poste- 
rior pharynx, and lastly the diaphragm and 
abdominal muscles, in that order. The 
attacks were recorded and studied on 16- 
mm movie film, which showed that each 
episode was identical to the previous one. 
The limbs were not involved. Each of these 
clonic seizures showed a similar crescendo 
of events, terminating in gross diaphrag- 
matic and abdominal movements asso- 
ciated with expiratory grunts (Fig 1). The 
episodes lasted between 15 to 20 seconds 
and were followed by postictal absence of 
movements lasting 30 to 40 seconds. The 
attacks gradually subsided approximately 


eight hours after administration of pheny- 
toin. Subsequently, the patient's state of 
coma deepened; he died five days following 
the onset of these events. Permission for 
autopsy was refused. 

CASE 2.—A 73-year-old man was admit- 
ted to the hospital following a cardiopulmo- 
nary arrest secondary to an acute myocar- 
dial infarction. He was resuscitated 
promptly and approximately 12 hours later 
developed myoclonic seizures of the axial 
motor system, including the proximal 
portions of all four limbs. Phenytoin and 
phenobartibal were administered. The fol- 
lowing day, the seizures consisted only of 
jerky movements of his diaphragm and 
chest wall associated with clonic move- 
ments involving the pharynx, mouth, and 
neck muscles. There were no limb move- 
ments at this time. Initially, the EEG 
showed a pattern of burst suppression with 
interictal periods that were flat (Fig 2). 
Later, when the proximal portions of the 
limbs were no longer involved, the burst 
suppression pattern was not evident. The 
only abnormalities seen were related to 
artifact caused by the movements of axial 
structures and a background of bilateral 
slow activity (Fig 3). 

Case 3.— A 57-year-old man with a histo- 
ry of hypertension was admitted because 
of increasing difficulty in breathing; on 
admission, he suffered a "respiratory 
arrest" from which he was resuscitated. 
However, he remained unresponsive and 
required respiratory assistance. His pupils 
were dilated and there were no voluntary 
or involuntary movements of the limbs. 
Bilateral extensor plantar responses were 
present. The following morning, the 
patient was noted to have rapid clonic 
seizures involving the eyelids, face, lower 
jaw, platysma muscles, diaphragm, abdo- 
men, and the proximal portions of all four 
limbs in the form of internal rotatory 
movements. However, several hours after 
the patient was given phenytoin, these 
clonic movements were confined solely to 
the face, neck, thorax, and abdomen. These 
attacks were recorded and studied by 
EEGs and 16-mm motion pictures. The rate 
of these movements was estimated to be 
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Fig 1.—Case 1. Sequence of involvement of axial structures during each seizure 
(illustrations based on analysis of 16-mm movie): A, Patient comatose. No motor activity 
between seizures. B, Start of seizure—jerking movements of lower jaw and platysma 
bilaterally. At this time, tongue, palate, and posterior pharynx were observed to be 
moving at same rate when mouth was forced open. C, Spread of seizure involvement to 
chest followed by D, abdomen and E, clonic movements, reaching crescendo with 
greatest excursions and associated with expiratory grunts. After four to five seconds 
frequency slowed and once again F, there was no noticeable motor activity. At no time 
during these seizures were the limbs involved. 


Fig 2.—Case 2. Burst suppression EEG pattern noted early in patient's course. 


Arch Neurol—Vol 35, July 1978 


Axial Structures—Nathanson et al 449 





ET iini aA a D7 =; p 
TM TM." Ta M te , 
. + [| z $^ a . 
Y y x 


Fig 3.—Case 2. Later EEG pattern in case 2 when seizures were limited solely to axial structures. Line X-Y is a recording of 
abdominal movements. Other than movement artifact noted in leads FP1-F3 and FP2-F4, record shows no corresponding electrical 
activity from cortex. 


approximately 120 to 140 per minute; the 
episodes lasted from three to five seconds. 
During each seizure the EEG was charac- 
terized by bilateral synchronous spikes 
admixed with high-voltage polymorphic 
slow wave activity in the theta and delta 
ranges. These patterns were interspersed 
with abrupt interictal absence of brain 
wave activity for varying periods between 
3 and 20 seconds, but were always concom- 
itant with the cessation of the clonic 
attacks and ended with the onset of the 
next episode (Fig 4). 

Despite the subsequent control of these 
seizures, the patient remained comatose. 
The EEG then showed bilateral synchro- 
nous delta activity. Progressive deteriora- 
tion of brain stem function continued until 
the patient’s death seven days later. First 
he lost the pupillary reflexes and then 
developed dissociated ocular movements 
with a pattern of bilateral dysfunction of 
the median longitudinal fasciculus (MLF) 
as elicited by rapid head turning and cold 
caloric stimulation. This was followed by 
deepening of the coma and complete loss of 
the oculovestibular response. Permission 
for autopsy was refused. 
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Case 4.—A 57-year-old woman was 
admitted following a respiratory arrest 
and promptly was resuscitated. Approxi- 
mately six hours after the resuscitation, 
the patient developed myoclonic seizures 
involving the axial musculature, including 
the proximal portion of the limbs. After 
administration of anticonvulsants there 
were no limb movements, the seizures 
being limited to the abdomen, diaphragm, 
and thorax. These were somewhat asym- 
metrical in that the left diaphragm and 
chest wall seemed to be involved more than 
the right. The EEG was similar to those in 
cases 2 and 3 in that she had a burst 
suppression pattern with an interictal 
absence of any electrical activity (Fig 5). 

From the time the patient was brought 
into the emergency room, it was evident 
that she had an extensive brain stem as 
well as cerebral dysfunction. In addition to 
her unresponsive state, the corrieals were 
absent as were the oculocephalic and 
oculovestibular responses. The axial sei- 
zures subsided 36 hours after their onset; 
subsequently, the oculovestibular and ocu- 
locephalic responses returned. At that time 
the EEG showed only bilateral slowing. 


The patient subsequently recovered some 
of her brain stem function and was able to 
breathe spontaneously. However, she re- 
mained in a persistent vegetative state for 
approximately four months and died in a 
nursing home. 


COMMENT 


Involuntary control of movements 
of axial structures such as those asso- 
ciated with respiratory and cardiac 
function is almost exclusively cen- 
tered in the brain stem. Control of 
axial structures such as the jaw, 
tongue, palate, and posterior pharynx 
also have strong representation in the 
brain stem. With this abundance of 
subcortical control of motor function, 
it seems rather naive to assume that 
seizures can only originate from corti- 
cal centers via the corticospinal tracts. 
Our cases give further presumptive 
evidence that seizures of the axial 
motor system do occur and involve the 
brain stem and its immediate connec- 
tions. 
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Fig 4.—Case 3. Further demonstration of typical burst suppression activity. Of 
note here is relative electrocerebral silence between seizure discharges. 





Fig 5.—Case 4. Electroencephalogram showing burst suppression pattern with interictal absence of 
electrical discharges associated with observed myoclonic seizures of axial structures. 
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The concept of axial seizures is not 
new and the brain stem has long been 
suggested as a potential center for 
seizures. Hughlings Jackson in 1902 
described a very similar axial motor 
seizure in a patient whom he labeled 
as having “bulbo-pontal fits.” These 
seizures were related to a “lower 
level” of motor control that he hypoth- 
esized existed in the brain stem.’ Iron- 
ically, our case 1 was almost identical 
to Jackson's original description ex- 
cept that our patient actually had a 
"Jacksonian march." Jackson empha- 
sized that these episodes did not 
involve the limbs. 

More recently, clinical evidence has 
been accumulating to support the 
existence of axial seizures of subcorti- 
cal origin. Most case reports come 
from the multiple sclerosis literature. 
In these patients, paroxysmal episodic 
axial motor phenomena have fre- 
quently been observed.’ Furthermore, 
some of these disorders such as the 
“painful tonic seizures” of multiple 
sclerosis and paroxysmal dysarthria 
and ataxia have responded to treat- 
ment with anticonvulsants.*? A case 
of axial seizures has also been de- 
scribed in a hydranencephalic child.'^ 
At autopsy, in this case, there was no 
evidence of any functional cortical 
tissue. The axial seizures described 
were presumed to come from the 
brain stem. 

The best anatomicopathologic evi- 
dence for the axial structures involved 
is from the studies of myoclonus of the 
palate and related structures. Lesions 
of the communication pathways mak- 
ing up the triangle of the inferior 


l. Jackson JH, Singer HD: Observations of a 
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olive, dentate nucleus, and red nucleus 
have been shown to be related to, if 
not entirely responsible for, their 
characteristically rhythmic move- 
ments. However, they are not epilepti- 
form.** 

There is also considerable experi- 
mental evidence to support the sub- 
cortical origin of axial seizures. It has 
been demonstrated that stimulation 
of the brain stem in decerebrate 
animals, especially stimulation in the 
reticular formation of the pontine and 
medullary regions, can produce self- 
sustaining seizures. The axial motor 
phenomenon produced in this and in 
similar experiments closely resembles 
the seizures seen in three of our 
patients.*"' More recently, it has been 
shown that lesions, even in the spinal 
cord, can produce seizures in properly 
prepared experimental animals.'? Fur- 
thermore, in animals, following severe 
cerebral anoxia, recordings from elec- 
trodes placed in the medullary reticu- 
lar formation have shown rhythmic 
bursts of epileptiform discharges. 
These discharges coincide with agonal 
clonic axial motor activity.” It has also 
been noted by recordings from the 
brains of experimental animals with 
myoclonus induced by urea that elec- 
trical discharges producing the myo- 
clonus originated from the brain 
stem." 

Finally, the EEG pattern of burst 
suppression noted early in our cases 
may be further evidence of a subcorti- 
cal mechanism for these seizures. This 
pattern usually is noted in patients 
with diffuse cerebral disorders and is 
associated with subcortical involve- 
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ment. It has been postulated that 
burst suppression may be related to 
dissociation of normal regulatory in- 
fluences between the cortex and 
subeortical systems of control. The 
burst suppression EEG pattern in an 
anoxic encephalopathy may be related 
to the release of brain stem centers 
from inhibitory influences such as 
that of the cerebellar cortex. Patho- 
logic studies of experimental and 
human anoxic encephalopathy have 
now shown that significant subcorti- 
cal as well as cerebellar Purkinje cell 
damage may occur.'*:'® These subcorti- 
cal brain stem regions, which when 
firing upward produce a burst sup- 
pression EEG pattern, may also be 
firing downward, perhaps via the re- 
ticulospinal pathways, and produce 
the phenomenon of axial motor sei- 
zures that we and others have de- 
scribed. 

We submit that the paroxysmal 
nature, the structures involved, the 
similar pattern of each attack, the 
interictal absence of motor activity 
associated with a burst suppression 
pattern of the EEG, and, in case 1, the 
“Jacksonian march” limited to axial 
structures corroborate the true epilep- 
tiform nature of these motor phenom- 
ena in our patients. Also, the associa- 
tion of coma along with the clinical 
signs of brain stem involvement 
strongly support the probability that 
the "focus" for these seizures is in the 
brain stem and its immediate connec- 
tions. 
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Paradoxical Response 


to Dopaminergic Agents in Parkinsonism 


William J. Weiner, MD; Jefferey Kramer, MD; Paul A. Nausieda, MD; Harold L. Klawans, MD 


€ A patient with the classical stigmata 
of parkinsonism was treated on three 
separate occasions with levodopa, a 
combination of levodopa and carbidopa, 
and lergotrile mesylate, a direct-acting 
dopamine-receptor agonist. All three 
treatment regimens resulted in dose- 
related increases in parkinsonian fea- 
tures. To our knowledge, this response 
has not been previously described. Lergo- 
trile did not alter CSF homovanillic acid 
concentration. It is suggested that this 
rare paradoxical motor response to 
dopaminergic agents may be associated 
with dysfunction of the postsynaptic 
dopamine receptor site. 

(Arch Neurol 35:453-455, 1978) 


he pathophysiology of Parkin- 

son’s disease is related to nigro- 
striatal degeneration with subsequent 
loss of dopaminergic influence on the 
neostriatum.'? The therapeutic use- 
fulness of levodopa alone or in combi- 
nation with peripheral dopa decarbox- 
ylase inhibitors is related to the resto- 
ration of dopaminergic influence 
within the striatum. According to 
several clinical investigators, 20% to 
25% of patients initially treated for 
Parkinson’s disease with levodopa 
may not evidence any substantial clin- 
ical improvement.** However, dose- 
related levodopa-induced exacerba- 
tion of parkinsonism has not been 
previously observed, to our knowl- 
edge. 

Some of these patients who fail to 
respond to levodopa therapy are 
believed to have postsynaptic parkin- 
sonism and not classical Parkinson’s 
disease. In Parkinson's disease, there 
exists presynaptic dysfunction in the 
nigrostriatal dopaminergic system, 
with subsequent dopamine depletion 
in the striatum. In cases of postsyn- 
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aptic parkinsonism, there is dysfunc- 
tion of striatal dopaminergic receptor 
sites that is not associated with 
dopamine depletion. Although the 
clinical symptoms may be indistin- 
guishable, the biochemical correlates 
of these forms of extrapyramidal 
dysfunction and their responses to 
pharmacological agents are differ- 
ent.’ 

We treated a patient with parkin- 
sonism who exhibited a paradoxical 
motor response to therapy with 
dopaminergic precursors (levodopa 
and a combination of levodopa and 
carbidopa) as well as to a direct 
dopamine receptor-site agonist (lergo- 
trile mesylate). The CSF homovanillic 
acid (HVA) determination during ler- 
gotrile therapy in this patient sug- 
gests that this rare paradoxical 
response may reflect postsynaptic 
dysfunction. 


REPORT OF A CASE 


A 68-year-old man first noticed a resting 
tremor of his right hand in 1970. During 
the next four years, stiffness in his left 
arm, difficulty rising from chairs, and 
slowness in initiating movement devel- 
oped. Frequent falling episodes ensued. 
The patient was started on a regimen of 
levodopa. As the dosage of levodopa was 
increased, observable dose-related side 
effects, including increased bradykinesia 
and noticeably decreased postural reflexes, 
occurred. Levodopa therapy was discontin- 
ued, and the patient returned to his 
previous state. A gradual deterioration 
occurred during the next six months, and 
in July 1976, the patient was admitted to 
the hospital; there, a regimen of levodopa 
with carbidopa was started. At a dosage of 
four 100-mg tablets daily, a substantial 
worsening of rigidity, bradykinesia, and 
postural tone was again seen. The patient 
also noted visual hallucinations. This 
regimen was discontinued, and he returned 
to his previous condition within one week. 

In October 1976, the patient was read- 
mitted. At that time, he had noticeably 
decreased range of motion. He was alert, 
oriented, and responded appropriately. 
Speech was fluent and sentences were 


easily understood, although his voice was 
low and monotonous. He had moderate 
bilateral cogwheel rigidity, moderate 
bradykinesia, and mild resting tremor of 
the legs and hands. The gait was festinat- 
ing, with loss of associated movements and 
retropulsion. Muscle stretch reflexes were 
normal, and Babinski’s sign was absent 
bilaterally. The patient displayed positive 
snout and glabellar reflexes. Results of the 
remainder of the neurologic examination 
were normal. 

Initial laboratory values, including CBC 
count, calcium, phosphorus, SGOT, SGPT, 
alkaline phosphatase, BUN, and creatinine 
concentrations, and urinalysis, were all 
normal. An ECG showed evidence of an old 
inferior wall myocardial infarct. A lumbar 
puncture was performed prior to therapy 
and results were normal. The CSF HVA 
concentration was 35 ng/ml (normal, 30 to 
60 ng/ml). A computerized axial tomo- 
graph showed mildly dilated ventricles and 
prominent sulci consistent with cortical 
atrophy. He was started on a regimen of 
lergotrile mesylate, 1 mg thrice daily. 
When a dosage of 8 mg daily was reached, 
a dose-related deterioration in motor func- 
tion occurred. This was evidenced by 
increased rigidity, inability to get out of 
bed, and severe voice disturbances. At that 
point, a second lumbar puncture was 
performed, which disclosed a CSF HVA 
concentration of 35 ng/ml. The lergotrile 
regimen was discontinued, and the patient 
returned to his previous condition in one 
week. A brief trial of haloperidol, 1 mg 
twice daily, was attempted, but this had to 
be discontinued when further functional 
deterioration occurred within 48 hours. 
Seven days later, the patient was dis- 
charged in his previous status. 


COMMENT 
Pathophysiologic Basis 


Viewed from the perspective of the 
striatal dopamine-receptor sites, par- 
kinsonism in most instances is a 
disorder of presynaptic dopaminergic 
mechanisms. In both idiopathic and 
postencephalitic Parkinson’s disease, 
degeneration of the dopaminergic 
neurons of the substantia nigra* 
results in decreased dopaminergic 
activity at striatal dopamine recep- 
tors.’ This decreased dopamine input 
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is felt to be the Pattophivelslogical 
basis of the signs and symptoms of 
parkinsonism.'?* 

The clinical improvement in parkin- 
sonism resulting from levodopa thera- 
py is presumed to be the result of 
increased dopamine activity at rela- 
tively normal striatal dopamine recep- 
tors. If parkinsonism reflects hypoac- 
tivity of striatal dopamine-sensitive 
neurons, it might also result from 
primary dysfunction of the striatal 
neurons, based either on postsynaptic 
receptor site or primary neuronal 
dysfunction. 

Although the clinical manifesta- 
tions of parkinsonism may be identi- 
cal in the presynaptie and postsynap- 
tic forms of the disease, response to 
therapeutie central neuropharmaco- 
logical manipulation as well as central 
biochemical correlates determined by 
CSF HVA levels should be distinctly 
different in the two states. Decreased 
dopaminergic input (presynaptic do- 
pamine deficiency) should be reflected 
by biochemical evidence of decreased 
dopamine turnover, as reflected by 
lowered CSF HVA levels.’ Most 
patients with parkinsonism fall into 
this category, and demonstrate de- 
creased initial CSF HVA concentra- 
tions.*'* In these patients, levodopa 
treatment usually results in definite 
clinical improvement and concomitant 
increases in CSF HVA concentra- 
tions. 


MOLT 2 PT ear 


Patient Response 


Three previous studies have sug- 
gested that patients with higher 
initial CSF HVA levels tend to show 
less clinical improvement when placed 
on a levodopa regimen."*:** Although 
other studies have failed to show any 
relationship between pretreatment 
CSF HVA levels and subsequent clin- 
ical response to levodopa,*'* these 
initial observations raise the possi- 
bility that a subgroup of parkinsonian 
patients may differ from the usual 
parkinsonian patient. Theoretically, 
such patients may not have lowered 
CSF HVA levels, and because of the 
postsynaptic neuronal defect, might 
show little response to exogenous 
administration of levodopa. 

It has become clear that several 
such states exist. Striatonigral degen- 
eration is characterized clinically by 
parkinsonism and pathologically by 
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degeneration of both the saan 
nigra and the putamen. During clin- 
ical trials of levodopa in ten pa- 
tients®'**° with pathologically proved 
striatonigral degeneration, six of ten 
showed no response at all to levodopa, 
while four had improvement of their 
symptoms only transiently. This is 
clearly inferior to the expected 
response in classic parkinsonism. 
While there are no studies of CSF 
HVA levels in such patients, their 
poor response to levodopa and known 
postsynaptic striatal disease may be 
correlated. 

Postsynaptic striatal dysfunction 
also occurs in the so-called rigid or 
akinetic form of Huntington’s dis- 
ease.’ The akinetic form of Hunting- 
ton’s disease usually occurs in persons 
less than the age of 20 years, and the 
clinical manifestations include parkin- 
sonian-like akinesia and rigidity. The 
parkinsonian aspects of  akinetic 
Huntington’s disease are felt to be 
related to degeneration of striatal 
neurons and loss of response to 
dopamine." If the parkinsonian fea- 
tures of this form of Huntington’s 
disease are related to decreased 
responsiveness to dopamine at the 
striatal level, it is reasonable to 
prescribe levodopa in an attempt to 
increase the activity of dopamine 
within the striatum. Barbeau” gave 
levodopa to two such patients; one 
patient's condition improved sub- 
stantially. Bird and Paulson? reported 
noteworthy but transient improve- 
ment in the condition of one patient. 
Low et al* have recently reported 
another patient who was unresponsive 
to levodopa. We have given levodopa 
to five such patients and observed a 
transient response in two and no 
improvement in the other three. In 
three of these patients, the CSF HVA 
concentration was normal. Klawans et 
al’ recently studied a patient with 
levodopa-resistant parkinsonism due 
to basal ganglia calcification which 
was related to surgically induced 
hypoparathyroidism. The parkinson- 
ism in this patient was associated 
with normal levels of CSF HVA, and 
the patient had no clinical response to 
levodopa. 

From these data, it is apparent that 
although presynaptic and postsynap- 
tie parkinsonism may be clinically 
indistinguishable, determination of 
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CSF HVA concentrations in these 
patients should help to separate these 
two states. By differentiating parkin- 
sonism on the basis of CSF HVA 
concentrations, one might expect dif- 
ferent therapeutic responses among 
the two groups. Patients with initial 
normal or elevated CSF HVA levels 
may be classified as having postsyn- 
aptic disease and might be expected to 
respond poorly to dopaminergic thera- 
py. Patients with decreased initial 
CSF HVA concentrations may be clas- 
sified as having presynaptic disease 
and should therefore respond to either 
levodopa or lergotrile mesylate thera- 
py.”*6 

Lergotrile, a direct-acting dopa- 
mine receptor-site agonist, has been 
proved to be efficaclous in Parkinson’s 
disease.**-*" It is quite possible that a 
pharmacologic agent that acts directly 
on the postsynaptic dopamine recep- 
tor site may offer therapeutic advan- 
tages over presynaptic agents that 
require some degree of function of 
nigral neurons. It has been postulated 
that one reason long-term levodopa 
therapy loses efficacy in the treat- 
ment of Parkinson’s disease is related 
to the progression of the basic degen- 
erative process. 


Present Case 


This case is an example of a patient 
with classical parkinsonian features 
who had a normal CSF HVA con- 
centration and no improvement when 
treated with levodopa or a levodopa- 
carbidopa combination. The finding 
that his CSF HVA concentration was 
normal and the failure of the levodopa 
regimen to result in clinical improve- 
ment suggest that the primary patho- 
physiological deficit in this patient is 
postsynaptic. Clinical and family his- 
tory as well as extensive laboratory 
investigations, including computer- 
ized axial tomography, made it unlike- 
ly that his postsynaptic parkinsonism 
was a result of rigid Huntington’s 
disease or calcification of the basal 
ganglia. Although the clinical history 
is not suggestive of the diagnosis of 
striatonigral degeneration, this re- 
mains a possibility. 

The striking feature of this pa- 
tient's response to both levodopa and 
the levodopa-carbidopa combination is 
that both regimens noticeably exacer- 
bated his parkinsonism. While occa- 
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sional reports have indicated that 
high-dose levodopa therapy may exac- 
erbate parkinsonian symptoms, this 
phenomena has occurred only in 
patients who initially showed a good 
therapeutic response to treatment. In 
our patient, there was an obvious 
dose-dependent deterioration in mo- 
tor function immediately following 
administration of levodopa and levo- 
dopa-carbidopa. A trial of lergotrile 
therapy also resulted in a dose-de- 
pendent deterioration in motor func- 
tion. This patient, with clinical stig- 
mata of Parkinson’s disease, respond- 
ed in a paradoxical manner to both 
presynaptic dopaminergic agents and 
a postsynaptic dopamine receptor-site 
agonist. In view of the dramatic dete- 
rioration of motor function that 
occurred on three separate occasions 
when a dopaminergic agonist was 
instituted, a brief trial of haloperidol, 
.& central dopamine-receptor antago- 
nist, was attempted. This therapy also 
resulted in rapid deterioration of 
motor function. This latter finding is 
not unexpected, since previous clinical 
experience has shown that even small 
doses of haloperidol given to patients 
with undetected parkinsonism even- 
tually result in deterioration of their 
parkinsonism.?* | 

At the height of this patient's motor 
deterioration, when the lergotrile reg- 
imen was discontinued and before 
haloperidol was administered, a sec- 
ond lumbar puncture was performed. 
The CSF HVA value at that time was 
35 ng/ml The demonstration that 
there was no substantial decrease in 
CSF HVA concentration during lergo- 
trile therapy as compared to baseline 
HVA concentration is of interest. In 
this instance, clinieal observation of 
severe neurologic deterioration dur- 
ing therapy was an indication that 
lergotrile was indeed having a central 
effect, although in a paradoxical 
manner. There has been considerable 
interest in the functional relationship 
between the substantia nigra and the 
corpus striatum. In addition to the 
well-recognized nigrostriatal path- 
way, much attention is now focused on 
the striatonigral system. This latter 
system has been described as having a 
negative feedback role in relationship 
to nigral dopaminergic mechanisms. 
When striatal dopamine receptor-site 
agonism exists, it has been postulated 
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that the negative feedback loop should 
inhibit presynaptic (nigral) dopamine 
turnover.??-*? This decreased dopamine 
turnover may be reflected by de- 
creased CSF HVA concentration. 
Since lergotrile exerted a clinically 
observable central effect in this 
patient, it may be speculated that its 
direct agonism of striatal dopamine 
receptors should have decreased pre- 
synaptic dopamine turnover, with 
subsequent decreased CSF HVA con- 
centration. However, the CSF HVA 
concentration was unchanged by ler- 
gotrile therapy. The failure of lergo- 
trile to alter central dopamine metab- 
olism could have several explanations. 
It is possible that activation of the 
negative feedback striatonigral loops 
may require higher dosage or longer 
duration lergotrile therapy to exert its 
influence on central dopamine metab- 
olism. It is also possible that the 
neuronal receptors for the striatoni- 
gral system are unaffected by lergo- 
trile. However, there is evidence that 
striatal dopaminergic agonists in gen- 
eral do exert an influence on presyn- 
aptic substantia nigra dopamine 
activity via this system.” The absence 
of an effect on central dopamine 
metabolism in relation to lergotrile 
therapy in this patient may be a 
further indication of postsynaptic 
dysfunction. 
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Forced Downward Ocular Deviation 


Occurrence During Oculovestibular Testing in Sedative Drug-Induced Coma 


Roger P. Simon, MD 


è A total of 32 consecutively encoun- 
tered patients, comatose from sedative- 
hypnotic drug overdose, were studied by 
caloric (oculovestibular) testing with ice 
water. A variety of induced lateral eye 
movements was observed. The most strik- 
ing finding was that the induced lateral 
eye movements were followed (in 24 of 32 
cases) by delayed forced downward 
deviation of one or both eyes. The 
phenomenon of forced downward ocular 
deviation during oculovestibular testing of 
comatose patients should suggest the 
diagnosis of sedative-hypnotic drug over- 
dose. 

(Arch Neurol 35:456-458, 1978) 


bservation of reflex eye move- 
ments is an essential part of the 
examination of the comatose patient. 
Caloric testing with ice water is used 
routinely in many centers to induce 
these eye movements. The presence of 
full conjugate eye movements attests 
to the integrity of the brain stem, 
while disconjugate or asymmetric 
responses support the diagnosis of a 
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structural lesion. Although such dis- 
conjugate responses to calorie stimu- 
lation have been reported in coma 
caused by sedative-hypnotic drug 
overdose, the frequency and variety of 
such responses in drug induced coma 
are not well defined. 

I completed a systematic evaluation 
of caloric-induced eye movements in 
32 consecutive patients admitted with 
comas secondary to sedative-hypnotic 
drug ingestion and compared the find- 
ings in this group with those in 15 
other patients who were comatose 
because of structural or other meta- 
bolic abnormalities. Forced downward 
deviation of one or both eyes during 
ice-water induced  oculovestibular 
stimulation was observed in more 
than half of the patients who were 
comatose from sedative drug over- 
dose; this was not seen in those 
patients whose coma was not drug- 
induced. 


PATIENTS AND METHODS 


The San Francisco General Hospital 
intensive care units were visited daily and 
calorie stimulation performed on all coma- 
tose patients admitted during the previous 
night. The tympanic membrane was irri- 
gated with 50 ml of ice water injected over 
20 to 30 seconds, with the patient's head 
elevated to an estimated angle of 30°. The 
patients then were observed for a mini- 


mum of two minutes, and the induced eye 
movements recorded. Approximately three 
to five minutes after the eyes had returned 
to the primary position, the contralateral 
tympanic membrane was irrigated. A total 
of 47 consecutively encountered patients 
were studied, and in 32 of these, the diag- 
nosis of sedative-hypnotic drug overdose 
was subsequently established by history, 
physical examination, toxicologie identifi- 
cation, and rapid, complete recovery. Qual- 
itative drug identification was performed 
by the clinical toxicology laboratory at the 
San Francisco General Hospital. Sedative- 
hypnotic drugs were identified by thin- 
layer chromatography, and alcohol was 
detected by gas-liquid chromatography. 
Chloral hydrate and phenothiazine deter- 
minations were performed qualitatively, 
using the Fujiwari method and the Forest 
reagent, respectively. 


RESULTS 


In two of the 32 patients with seda- 
tive-hypnotic drug-induced coma, 
there was no response to caloric test- 
ing, and in four other patients the 
ability to induce eye movements was 
lost as coma deepened. An additional 
two patients had adduction of the 
contralateral eye with no movement 
of the ipsilateral eye, and four other 
patients had abduction without move- 
ment of the contralateral eye. The 
most frequent finding (18 of 32 
patients) was abduction of the ipsilat- 
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eral eye, with delayed (and often 
incomplete) adduction of the contra- 
lateral eye. These induced lateral eye 
movements were then followed by 
forced downward deviation of one or 
both eyes after a delay of 5 to 15 
seconds in 24 of 32 cases. This down- 
ward deviation was pronounced in 12 
of these 24 patients, and persisted for 
several minutes before the eye(s) 
slowly returned to the primary posi- 
tion. 

The contralateral ear was irrigated 
only after a recovery period of three 
to five minutes following return of the 
eyes to the midposition. No residual 
effect from the first irrigation was 
seen on eye movements induced by 
the second (contralateral) irrigation. 
Downward ocular deviation was as 
frequent following the first irrigation 
as it was following subsequent irriga- 
tion on the other side. However, when 
the response to caloric stimulation on 
one side and subsequent caloric stimu- 
lation on the other side were com- 
pared in a given patient, similar 
responses occurred in only ten of 32 
patients. Each patient was reexam- 
ined after recovery of consciousness, 
and in all, the extraocular movements 
were normal. 

The sedative-hypnotic drugs de- 
tected in these 32 patients were pento- 
barbital sodium (7 patients), secobar- 
bital (5), secobarbital and amobarbital 
sodium (4), methaqualone (4), pheno- 
barbital (3), glutethimide (2), mepro- 
bamate (2), ethchlorvynol (2), chloral 
hydrate and diazepam (1), phenothia- 
zine and alcohol (1), and unknown 
(1). 

The remaining 15 patients were 
comatose because of a variety of 
structural and metabolic diseases, 
including hypoglycemic encephalopa- 
thy, subarachnoid hemorrhage, anoxic 
encephalopathy resulting from car- 
diac arrest, basilar artery occlusion, 
uremic encephalopathy, hypertensive 
thalamic hemorrhage, and hyperten- 
sive putaminal hemorrhage. These 
patients were examined in a manner 
identical to that described in the 
group with drug-induced coma, most 
often prior to the establishment of a 
clear diagnosis. Roving eye move- 
ments, eyes fixed to caloric stimula- 
tion, internuclear ophthalmoplegia, 
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and third and sixth nerve palsies were 
observed, but forced downward devia- 
tion was not seen. 


COMMENT 


The examination of reflex eye 
movements by caloric testing with ice 
water is an important part of the 
evaluation of the comatose patient, 
and often differentiates structural 
from metabolic brain disease. The 
presence of full conjugate lateral 
deviation probably excludes lesions 
below the oculomotor nucleus as the 
cause of coma,’ while asymmetric or 
disconjugate responses suggest a 
structural origin. 

Caloric testing in patients with 
comas caused by sedative drug over- 
dose commonly produces either no eye 
movement,-* or tonic, conjugate de- 
viation.2 However, asymmetric or dis- 
conjugate responses, including inter- 
nuclear ophthalmoplegia, have occa- 
sionally been noted in such patients.” ? 
In this study, 32 consecutive patients 
with sedative drug-induced coma were 
studied with ice-water caloric testing, 
and their responses noted. 

The most common finding (18 of 32 
patients) was abduction of the eye 
ipsilateral to the ice-water irrigation, 
with adduction of the contralateral 
eye, as expected in nonstructural 
causes of coma. However, in 16 of the 
18 patients, the movement of the 
contralateral eye was delayed or 
incomplete, simulating a lesion of the 
medial, longitudinal fasciculus. In two 
patients, adduction of the contralater- 
al eye was the only eye movement 





elicited, and in four other patients, 
abduction of the ipsilateral eye was 
the only movement seen. There was no 
response to caloric testing in two 
patients, and four additional patients 
initially lost inducible eye movements 
as the coma deepened. Passive head 
movement (the doll’s eyes maneuver) 
failed to induce horizontal eye move- 
ment in any of the 32 patients studied, 
but some preservation of vertical eye 
movement was noted in six cases. 

By far the most striking response, 
however, was the phenomenon of 
delayed forced downward deviation of 
one or both eyes; this occurred in 24 of 
the 32 patients, and was especially 
prominent in 12 of them. This down- 
ward movement occurred after the 
maximum induced lateral eye move- 
ments had been obtained, often occur- 
ring after a delay of five to 15 seconds. 
Although not a torsion movement, this 
movement from a lateral to a down- 
ward position appeared rotational in 
character, ie, the eye moved somewhat 
medially as it moved inferiorly. Occa- 
sionally, no lateral eye movements 
were seen, and downward deviation of 
one or both eyes was the only induced 
movement. This striking inferior 
movement of the eye(s) was usually 
asymmetric, and most often maximal 
in the eye ipsilateral to the side of ice- 
water irrigation. The eyes remained 
in their downward posture for one to 
three minutes before slowly returning 
to the position of primary gaze. The 
Figure illustrates these eye move- 
ments in a patient with ethchlorvynol- 
induced coma. 
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The anatomic substrate for this 
phenomenon of delayed downward 
ocular deviation is unclear. The ocu- 
lovestibular reflex is mediated by a 
three-neuron are, as well as more 
complex and slower conducting poly- 
synaptic pathways between the am- 
pulla of the semicireular eanal and the 
extraocular muscles? Each labyrinth 
is connected to six of the 12 extraocu- 
lar muscles, and each semicircular 
canal is connected to two extraocular 
muscles, one in each eye.* Stimulation 
or inhibition of a given canal produces 
a binocular movement in the plane of 
that canal.’ Ice-water caloric irriga- 
tion with the patient’s head elevated 
to 30° produces an ampullo-fugal 
current in the superficial, vertically 
positioned lateral semicircular canal, 
which is inhibitory.’ Since the lateral 
canal is connected to the homolateral 
medial rectus and contralateral lateral 
rectus muscles,’ such caloric-induced 
inhibition of tonie vestibular dis- 
charge causes the eyes to move to the 
side of the tympanic irrigation. Ipsi- 
lateral and downward movement, as 
seen in these patients, would require 
selective activation of the ipsilateral 
inferior rectus and the contralateral 
superior oblique muscles. Connections 
from the lateral semicircular canal to 
these muscles, however, have not been 
shown.’ 

Experimentally, this pair of extra- 
ocular muscles can be selectively acti- 
vated by stimulation of the ipsilateral 
posterior canal.’ Although all three 
canals are affected by caloric testing 
(with the response of the lateral canal 
predominating), selective cooling of 
the posterior canal with the head at a 
30°-angle would produce an ampullo- 
pedal current, which, in the posterior 
canal, is excitatory. An ipsilateral 
and downward movement of the eyes 
would then be produced.’ The asym- 
metry of the response might be a 
function of the more powerful depres- 
sor action of the inferior rectus 
compared with the superior oblique. 
An additional factor producing the 
downward movement may be that 
upward gaze is especially susceptible 
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to sedative drugs. An awake and 
ambulatory patient with selective pa- 
ralysis of vertical upward gaze, result- 
ing from barbiturate intoxication has 
been reported elsewhere. 

Spontaneous downward deviation 
of the eyes has also been reported 
during coma induced by some of the 
metabolic encephalopathies." Specifi- 
cally, it occurs, although rarely, in 
hepatic encephalopathy.' Caloric-in- 
duced downward deviation has been 
observed in one case of hypoglycemic 
coma, in which the patient regained 
consciousness following glucose ad- 
ministration, and had normal eye 
movements (Arthur Asbury, written 
communication June 29, 1977). Down- 
ward deviation may also be seen for 
several hours following a generalized 
seizure. In contrast to sedative- 
hypnotie drug overdose, full eye move- 
ments in other metabolic comas are 
elicitable on head rotation (the doll’s 
eye maneuver) until very late in the 
course. Sedative drug intoxication, on 
the other hand, commonly paralyzes 
such oculocephalic reflexes in the 
earliest stages of coma, an important 
differential point.' 

Spontaneous (ie, not caloric-in- 
duced) downward eye movements 
may be seen in structural brain lesions 
causing coma. The classic eye position 
noted in thalamic hemorrhage and the 
ocular bobbing of massive pontine 
lesions are commonly recognized ex- 
amples. Although not seen in our 
small group of patients with non- 
drug-induced coma, caloric-induced 
downward eye movements in coma- 
tose patients with CNS mass lesions 
have been described by Barrios et al.' 
These authors report oblique down- 
ward displacement of one or both eyes 
following labyrinthine stimulation in 
patients with tentorial herniations 
compressing the superior colliculus. 
Such findings are probably uncom- 
mon, however, since this phenomenon 
was not observed in the 100 patients 
with posttraumatic coma studied with 
caloric stimulation of Poulsen and 
Zilstorff.'* 

This phenomenon of induced down- 
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ward ocular deviation may be seen 
then, but is uncommon, in both struc- 
tural and non-drug-induced metabolic 
comas. Oculovestibular-induced forced 
downward deviation may, however, be 
quite common (24 of our 32 cases) in 
sedative drug-induced coma, and drug 
intoxication is the most common cause 
of coma.'* The phenomenon of forced 
downward deviation following oculo- 
vestibular testing in a comatose 
patient should suggest sedative-hyp- 
notic drug overdose as the cause of the 
coma. 
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Modification of Tardive Dyskinesia and 


Spasmodie Torticollis by Apomorphine 


Possible Role of Dopamine Autoreceptors 


Eduardo S. Tolosa, MD 


€ A group of 16 patients afflicted with 
involuntary movement disorders received 
subcutaneous injections of the direct 
dopamine agonist, apomorphine hydro- 
chloride. Paradoxically, these injections 
were generally followed by a reduction of 
dyskinesia; this was most noticeable in 
patients with tardive dyskinesia and was 
only mild in some patients with spas- 
modic torticollis. Preferential stimulation 
by apomorphine of inhibitory dopamine 
presynaptic receptors (so-called dopa- 
mine autoreceptors) is proposed as the 
most likely explanation for the observed 
antidyskinetic effect of this drug. The 
results of this study also suggest that 
direct dopamine agonists may be used 
clinically to attenuate CNS dopaminergic 
transmission, especially when use of anti- 
dopminergic drugs such as the neurolep- 
tics is contraindicated, as in the case of 
tardive dyskinesia. 

(Arch Neurol 35:459-462, 1978) 
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horeoathetotic and dystonic move- 
ments occur in man in a variety 

of neurological disorders, and recent 
pharmacological observations strong- 
ly suggest that brain dopamine is of 
major importance in the mediation of 
these involuntary movements. To 
further delineate the role of this 
monoamine in the production of cho- 
rea in man, we recently administered 
apomorphine hydrochloride, a direct 
stimulant of dopamine receptors, to 
patients with Huntington's disease 
and observed an attenuation in invol- 
untary movements in these patients.' 
Previously, Düby et al* had described 
an antagonistic effect by apomor- 
phine on levodopa-induced dyskine- 
sias in Parkinson's disease. According 
to our data, apomorphine can improve 
the abnormal movements of patients 
afflicted with various types of dyski- 
netie disorders. This effect is most 
prominent in patients with the neuro- 
leptic-induced extrapyramidal syn- 
drome, tardive dyskinesia. Prelimi- 
nary data on the effect of apomor- 
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phine in some of these patients have 
been reported elsewhere.’ 


PATIENTS AND METHODS 


A total of 16 patients referred to the 
neurology department for evaluation of 
involuntary movement disorders were 
studied. The nature and purpose of the 
investigations were explained to all the 
patients, and informed consent was ob- 
tained. Seven patients suffered from clas- 
sical spasmodic torticollis, five from tar- 
dive dyskinesia, and one from congenital 
choreoathetosis. One patient (case 6) had 
essential tremor and trunkal dyskinesias, 
possibly related to long-term administra- 
tion of anticholinergic and antihistaminic 
drugs. The cause of the movement disorder 
was not known in two cases (patients 7 and 
8). A summary of the clinical features of 
the patients is shown in Table 1. 

The patients were hospitalized for the 
duration of the study. None of them had 
received any medication for at least four 
days before the start of the experiment. 
Initially, apomorphine hydrochloride dis- 
solved in water (1 mg per milliliter) was 
given subcutaneously in doses of 0.5 to 1.5 
mg, and the dosages were increased as 
tolerated. Identical volumes of distilled 
water were injected as placebos on alter- 
nate days in the first ten patients studied 
(patients 1 through 7 and 9 through 11). 
Subsequent patients received only apomor- 
phine hydrochloride injections. Injections 
of apomorphine or placebo were always 
given either in the morning or in the 
afternoon, one to two hours after a meal 
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Table 1.—Clinical Features of Study Patients* 


Patient/Age, yr/Sex 





1/65/M 


Abnormal Involuntary Movements, 
Type and Duration 


Buccolinguofacial and limb dyskinesia, 






Rt > Lt, moderate, 4 yr 


2/31/F 
severe, 2 mo 


3/30/F 
4/78/F 


Trunkal and limb dyskinesia, proximal, 


Generalized dyskinesia, severe, 3 yr 
Generalized dyskinesia, moderate 





Impaired righting reflexes 


Other Neurological 
Abnormalities 


Mild Lt UE resting, tremor, and rigidity 


Diagnosis 
Tardive dyskinesia 






Tardive dyskinesia 


Tardive dyskinesia 





Tardive dyskinesia 
5/47/F Generalized dyskinesia, severe, 175 yr None Tardive dyskinesia 
6/58/F 


Trunkal dyskinesia, mild, 12 yr 


7/64/F 


8/71/F 
moderate, 4 yr 





9/42/F 
yr 
10/38/M 


Generalized dyskinesia, movement- 
related, mild, 3 mo 


Buccolinguofacial dyskinesia, 


Generalized choreathetosis, severe, 40 


Torticollis, moderate, 4 yr 


Mild postural tremor of head and UEs 


Moderate intention tremor, both UEs 


Moderate dementia, moderate 


Dyskinesia probably due to 
long-term use of 
anticholinergics and 
antihistaminics 


Cause unknown 


Cause unknown 


generalized rigidity, impaired 
righting reflexes, Lt hyperreflexia 





None 


None 


Congenital choreoathetosis 


Spasmodic torticollis 


11/52/F Torticollis, moderate, 2 yr None Spasmodic torticollis 
12/48/M Torticollis, moderate, 2 yr None Spasmodic torticollis 
13/61/F Torticollis, moderate 5 yr None Spasmodic torticollis 


14/61/M 


Torticollis, severe, 5 yr 


Postural tremor of UEs, mild 


Spasmodic torticollis 


15/63/M Torticollis, mild, 6 mo None Spasmodic torticollis 


16/59/M 


Torticollis, severe, 20 yr 


Postural tremor of UEs, mild 


Spasmodic torticollis 


*Lt indicates left; Rt, right; UE, upper extremity. 


consisting of toast and coffee. No more 
than one injection of apomorphine was 
given in a single day. The first part of this 
study (ten patients) was completed in a 
double-blind manner. 

In cases 1 through 9, involuntary move- 
ments in the patients' head, face, trunk, 
and each extremity were assessed and 
rated for severity according to the follow- 
ing scale: 0 indicated absent; 1, mild; 2, 
moderate; and 3, severe. The abnormal 
involuntary movements were always evalu- 
ated twice: when the patient was lying in 
bed and when the patient was sitting. 
Maximum severity got a score of 42. At the 
time of each evaluation, blood pressure 
(supine and standing) and pulse were 
recorded and adverse reaction carefully 
assessed. The presence or absence of 
emesis, sweating, pallor, lacrimation, 
yawning, drowsiness, and hiccoughs was 
noted, and the patients were questioned 
about nausea, sleepiness, lightheadedness, 
weakness, and salivation or dry mouth. In 
the cases of spasmodic torticollis, the sever- 
ity of disease was assessed by asking each 
patient, while sitting, to hold the head in a 
straight-forward position for as long a 
time as possible. The time it took for the 
head to start to deviate and the time it took 
to reach the original abnormal position was 
determined. These measurements were 
made twice at the time of each evaluation. 
The trial was stopped arbitrarily at 30 
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seconds. Vital signs and possible adverse 
reactions were monitored in the method 
described previously. 

In all patients, two to three evaluations 
were made during the 30 minutes that 
preceded each injection (baseline observa- 
tions) and subsequently every ten to 15 
minutes for 60 minutes, or until changes in 
the neurological condition had ceased. 

Tablets of apomorphine hydrochloride (6 
mg) obtained from the hospital pharmacy 
were dissolved in water just prior to injec- 
tion. 


RESULTS 


Apomorphine hydrochloride in 
doses of 1 to 1.5 mg reduced involun- 
tary movement scores in all cases 
except one (patient 6). This attenua- 
tion varied from mild (patient 2) to 
almost complete elimination of invol- 
untary movements (patients 2, 3, and 
6). In some instances, the improve- 
ment was striking. Patient 3, for 
example, could hardly sit or feed 
herself because of generalized chorei- 
form movements; the severe abnormal 
movements ceased shortly after the 
injection of apomorphine, and she was 
then able to perform these tasks with- 
out any difficulty. The beneficial 
effects of apomorphine on the invol- 


untary movements could be observed 
ten to 20 minutes after the injection, 
and the average time required for 
maximal improvement was 28 min- 
utes. The lessening of the involuntary 
movements lasted from 30 to 120 
minutes. 

Mean baseline score for involuntary 
movements, lowest score, and mean of 
scores during the 60 minutes after the 
highest dose of apomorphine for each 
patient are shown in Table 2. The peak 
effect of apomorphine observed at 
any time during the hour after the 
injections brought the dyskinesia 
scores to an average of 21% of baseline 
for the group, while the one-hour aver- 
age score was 44% of baseline 
(P < .01, paired t test). No consistent 
effect of placebo injections could be 
observed, either for individuals or for 
the group as a whole. 

Patients with spasmodic torticollis 
received apomorphine hydrochloride 
in doses that ranged from 1.0 to 3.0 
mg. After the injections, two patients 
were able to hold their heads straight- 
forward for at least 30 seconds (an 
improvement of 20 seconds for patient 
5 and 15 seconds for patient 3) for 
periods of 45 and 60 minutes, respec- 


Apomorphine—Tolosa 


Table 2.—Involuntary Movement 
Scores 


Scores After 
Injection* 


After 


Peak 60 min 


8.67 
19.5 
24.0 
10.0 
28.0 

8.0 
18.0 

8.0 
12.67 
15.20 


1 
2 
3 
4 
5 
6 
7 
8 
9 


*Of apomorphine hydrochloride. 


tively. Otherwise, apomorphine did 
not significantly prolong the times 
patients with spasmodie torticollis 
were able to maintain their heads in a 
straight-forward position (P<.9). 
Also, the increase in time it took for 
the head to deviate to the originally 
abnormal position at the time of maxi- 
mal drug effect was brief (1.47 
seconds) and was not statistically 


significant (P < .2) in the rest of the 


patients. 

Undesirable side effects from apo- 
morphine occurred frequently. The 
most common ones were nausea, 
vomiting, sedation, and hypotension. 
Yawning, hiccoughs, and complaints 
of coldness were also frequently 
recorded. 


COMMENT 
Apomorphine and Tardive 
Dyskinesia 


Tardive dyskinesia is an extrapy- 
ramidal syndrome induced by neuro- 
leptic antipsychotic drugs. Pharmaco- 
logical studies have shown that stria- 
tal dopamine is important in the 
mediation of these involuntary move- 
ments, and it is currently speculated 
that, since neuroleptics block dopa- 
mine receptors, tardive dyskinesia 
results from a supersensitivity of 
postsynaptic dopamine receptors in 
the brain.‘ This would explain why a 
reduction or discontinuation of neuro- 
leptic drugs aggravates the dyskine- 
sia, while a dose increase temporarily 
reserves it. Neuroleptics would pro- 
duce such a state of dopamine hyper- 
sensitivity, perhaps by inducing an 
increase in the number of striatal 
dopamine receptors as has been 
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recently suggested) Apomorphine 
stimulates dopamine receptors direct- 
ly (direct dopamine agonist)" in 
Parkinson's disease, a condition in 
which hypersensitivity of striatal do- 
pamine receptors is thought to occur, 
apomorphine improves tremor, rigidi- 
ty, and akinesia, and induces abnor- 
mal involuntary movements similar to 
tardive dyskinesia.’ It could then be 
expected that apomorphine would ag- 
gravate tardive dyskinesia. 

In our patients, instead of worsen- 
ing, the involuntary movements less- 
ened after apomorphine injections; in 
some patients, these actually disap- 
peared completely for variable periods 
of time. These findings were unex- 
pected and do not support the hypoth- 
esis that hypersensitive striatal do- 
pamine receptors are present in 
tardive dyskinesia; they do suggest 
that apomorphine possesses, under 
certain cireumstances, an antidopa- 
minergic effect. Apomorphine may 
act as a partial antagonist of dopa- 
mine on postsynaptic dopamine recep- 
tors or exert an antidopaminergic 
effect through apocodeine (its major 
metabolite), since, in the experimental 
animal, apocodeine has antidopa- 
minergic effects in vivo as well as in 
vitro.* It is also possible that apomor- 
phine attenuates dyskinesias by en- 
hancing striatal cholinergic transmis- 
sion, possibly through its piperidine 
moiety. Piperidine has nicotinic cho- 
linergie properties and was found to 
antagonize the dopaminergic effects 
of levodopa in Parkinson's disease.’ 

Still, as we have postulated earlier 
to explain the behavioral effects of 
apomorphine in Huntington’s dis- 
ease, an effect of apomorphine on 
presynaptic dopaminergic receptors 
(so-called autoreceptors’’) appears to 
us an attractive explanation for the 
antidyskinetic effects of apomor- 
phine. There is evidence, based on the 
pharmacological and neurophysiologi- 
cal studies, that dopamine-sensitive 
receptors are present in different 
parts of the dopaminergic neurons, 
probably in the dendrites, soma, and 
presynaptic nerve endings in the 
striatum." They are part of a short- 
term control mechanism that modu- 
lates the release of dopamine at the 
nerve endings, and their stimulation 


by dopamine and dopamine agonists 
inhibits the firing rate of nigro-stria- 
tal cells and the subsequent release of 
dopamine at the striatum.’ Apomor- 
phine at low doses, like other dopa- 
mine agonists, appears to pref- 
erentially stimulate dopamine autore- 
ceptors.^ In tardive dyskinesia, 
stimulation of dopamine autorecep- 
tors by apomorphine, with subsequent 
reduction in the release of dopamine 
in the striatum, would explain the 
improvement observed in our pa- 
tients. Further, it is possible that the 
effect of apomorphine on the dopam- 
ine autoreceptors is enhanced by the 
previous neuroleptic treatment, since 
there is now evidence that neuroleptic 
drugs exert their dopamine-blocking 
effects at both striatal and nigral 
levels.'* 


Apomorphine and Spasmodic 
Torticollis 


The precise sites of brain dysfunc- 
tion that results in spasmodic torticol- 
lis are not known. Dysfunction of the 
basal ganglia or its connections are 
thought to underlie the symptoms in 
this disorder, and clinical and pharma- 
cological observations suggest a role 
for central dopaminergic systems in 
the mediation of torticollis. Levodopa 
can induce torticollis in patients with 
Parkinson's disease'* and the various 
neurolepties can also produce torticol- 
lis as a side effect.'* While attempts to 
treat spasmodic torticollis with drugs 
that modify brain dopamine systems 
have met with only limited success," 
haloperidol has a modest antitorticol- 
lis effect in some patients,” although, 
unfortunately, this is frequently at 
the expense of unacceptable side 
effects. Our observations of mild at- 
tenuation of spasmodic torticollis af- 
ter apomorphine injections in some 
patients are further evidence that the 
dopaminergic systems, although not 
as important as in the case of some 
other dyskinetic states, appear to be 
involved in the mechanisms that 
subserve torticollis. The lessening in 
spasmodic torticollis with apomor- 
phine seems to parallel the modest 
effect of the antidopaminergie drug 
haloperidol on torticollis, suggesting 
that a dopaminergic preponderance 
may exist in some cases of spasmodic 
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torticollis and that in this condition, 
apomorphine might stimulate dopa- 
minergic autoreceptors and decrease 
dopaminergic activity in the stria- 
tum. 

While it is difficult to speculate on 
the effect of apomorphine in the two 
patients (cases 7 and 8) in whom the 
cause of this movement disorder is not 
known, we believe that the ameliora- 
tion of choreatheototic movements in 
the patient with cerebral palsy also 
reflects an effect of apomorphine on 
dopamine autoreceptors, since, in this 
condition, pathological changes occur 
in the striatum,” and this could inter- 
fer with any effect of apomorphine on 
the classical postsynaptic dopamine 
receptor. 

The nature of autoreceptors in 
dopaminergic as well as in serotoner- 
gic and noradrenergic cells and their 
role in the modulation of cell activity 
remains to be fully elucidated, but 
their postulated inhibitory role helps 
to explain pharmacological observa- 
tions in the experimental animal” 
and the effect of certain drugs in 
patients, such as the attenuation by 
direct dopamine agonist of schizo- 
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phrenic symptoms” and of dyskinesia 
in man,*? as reported here. These 
observations suggest that direct do- 
pamine agonists may be useful clini- 
cally, not only to enhance dopaminer- 
gic transmission (eg, in the treatment 
of Parkinson’s disease but also, para- 
doxically, to attenuate dopaminergic 
activity. If this effect is presumed to 
be mediated through stimulation of 
dopamine autoreceptors, the dopa- 
mine agonists can be expected to 
decrease dopamine transmission when 
they predominately stimulate dopa- 
mine autoreceptors instead of postsy- 
naptic dopamine receptors, and if they 
do not also possess indirect dopa- 
minergic properties (amphetamine 
like effect) that would result in 
enhancement of dopaminergic trans- 
mission.” Theoretically, such prefer- 
ential autoreceptor stimulation by 
some dopamine agonists might occur 
if increased sensitivity of dopamine 
autoreceptors exists (eg, after neuro- 
leptic treatment), or if more autore- 
ceptors than postsynaptic dopamine 
receptors are available or accessible 
for stimulation by the agonists (eg, in 
lesions of the striatum decreasing or 
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Child Neurology 


Methylphenidate in 6-Hydroxydopamine- 


Treated Developing Rat Pups 


Effects on Activity and Maze Performance 


Bennett A. Shaywitz, MD; Jeffrey H. Klopper; Judith W. Gordon 


e In order to better define the relation- 
ship between brain catecholaminergic 
mechanisms and the clinical syndrome of 
minimal brain dysfunction, we have devel- 
oped an experimental model that has 
many of the features of the disorder seen 
in children. This model is effected by the 
preferential depletion of brain dopamine 
in 5-day-old rat pups following the intra- 
cisternal administration of 6-hydroxydo- 
pamine, and in the present investigation, 
we have examined the effects of methyl- 
phenidate hydrochloride (0.25 to 2.0 mg/ 
kg) on activity levels and cognitive 
performance in normal and 6-hydroxydo- 
pamine treated animals. Methylphenidate 
therapy resulted in a significant increase 
in activity levels of normal rat pups 12 and 
19 days of age; in contrast, methylpheni- 
date administered to 6-hydroxydopamine- 
treated animals did not increase activity at 
12 days of age and significantly reduced 
activity at 19 and 26 days. Methylpheni- 
date had no effect on T-maze perform- 
ance in normals, but significantly im- 
proved performance in 6-hydroxydopa- 
mine-treated animals. Our results suggest 
that the “paradoxical” response to meth- 
ylphenidate found in 6-hydroxydopamine- 
treated rat pups may be the result of 
central denervation supersensitivity. _ 

(Arch Neurol 35:463-469, 1978) 
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he term minimal brain dysfunc- 

tion (MBD) is used to describe a 
variety of neuropsychiatrie disorders 
in children that together affect an 
estimated 5% to 10% of the school age 
population.’ While it is clear that no 
specifie constellation of symptoms 
and signs completely defines MBD, a 
major subgroup of the disorder is 
characterized by the symptom com- 
plex of hyperactive motor behavior, 
short attention span, diffieulty ad- 
justing to a new environment, and a 
variety of cognitive and perceptual 
difficulties. Although the precise 
mechanism is unknown, evidence 
from several lines of investigation 
suggests that the pathogenesis of 
symptoms in this particular subgroup 
of the MBD syndrome may reflect 
alterations in brain catecholaminergic 
mechanisms. Thus, epidemiologic 
studies indicate that following the 
pandemic of von Economo's encephali- 
tis in 1917 and 1918, many children 
were left with a _postencephalitic 
behavior disorder with symptoms 
strikingly similar to those we describe 
today in children with this particular 
subgroup of MBD.: It has been well 
established that adults exposed to the 
same illness frequently developed par- 
kinsonism. It is speculated that the 
presumed viral agent affected adults, 
damaging the nigroneostriatal path- 
ways and resulting in parkinsonism. 
When the same virus affected chil- 
dren, also presumably damaging the 
nigroneostriatal pathways, the result 
was a syndrome encompassing the 


cardinal features described above. 
Further evidence implicating brain 
catecholaminergic mechanisms may 
be found in the response shown by 
many youngsters in this partieular 
subgroup of MBD to stimulant medi- 
cations. Normal children given am- 
phetamines usually respond by an 
increase in activity. However, many 
(though not all) children with MBD 
respond to stimulants in a paradoxical 
fashion, that is, their activity declines 
and attention span increases." Since 
the central actions of amphetamine 
are believed to be mediated via cate- 
cholaminergie mechanisms," the of- 
ten remarkable ameliorative effects 
of stimulants in some children with 
MBD- suggests that these agents 
are acting at a point close to the origin 
of the disorder, presumably by affect- 
ing brain monoamines. 

Such data, however, provide only 
suggestive evidence of a catechol- 
aminergic involvement in MBD. Di- 
rect evidence of a catecholaminergic 
mechanism in children is technically 
difficult to obtain and to date, the best 
evidence is provided by studies of CSF 
monoamine metabolites in children 
with MBD.'*^' Such human studies are 
limited in scope to easily accessible 
body fluids. The potentially more 
informative pharmacological  tech- 
niques utilized in exploring catechol- 
aminergic mechanisms in animal in- 
vestigations are, by necessity, re- 
strieted when investigating children. 

In order to circumvent this difficul- 
ty, we have produced an experimental 
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animal model in the developing rat 
pup that has many of the features of 
the clinical syndrome seen in children, 
and have utilized this model in an 
attempt to better define the role of 
catecholaminergic mechanisms in 
MBD.'*^* We now report that admin- 
istration of methylphenidate hydro- 
chloride to rat pups with experimental 
MBD results in a reduction in activity 
and improvement in cognitive per- 
formance similar to that found when 
the stimulant is administered to many 
children with the disorder. 


METHODS 
Animals 


Six litters of Sprague-Dawley rat pups 
with mothers were obtained at 1 day of age 
and housed in a room with controlled light- 
ing (12 hours' light, 12 hours' dark). Litters 
were culled to ten and randomized and 
cross-fostered so that no mother was with 
her own litter and approximately equal 
numbers of males and females were in each 
litter. Preferential depletion of brain 
dopamine was accomplished at 5 days of 
age by the intracisternal administration of 
6-hydroxydopamine hydrobromide (100 ug 
in 25 ul, caleulated as free salt) one hour 
after administration of desipramine, 20 
mg/kg intraperitoneally. Littermate con- 
trols received an intracisternal injection of 
a vehicle solution containing 0.5 mg/ml of 
ascorbic acid. 


Behavioral Observations 


Activity was determined at 12, 19, and 26 
days of age by means of a time sample 
measure of activity. Our methodology 
differs from activity measurements that 
depend on the interruption of either a light 
beam or a magnetic field or by the activa- 
tion of a stabilimeter. Such techniques are 
influenced significantly by the mass of the 
animal and because size and weight are 
changing constantly throughout the first 
month of life in the rat pup; methods that 
compare activity must take this growth 
factor into account, particularly since 
6-hydroxydopamine-treated rat pups grow 
less well than do their littermate controls. 
Direct observation circumvents these 
methodologic problems and provides an 
index of activity that remains constant 
regardless of the mass of the rat pup. The 
time sample method of activity has been 
described by us'* previously and is modi- 
fied after that described originally by 
Gray* and by Russell." In this procedure, 
rat pups are randomly placed one to a cage 
in transparent acrylic plastie cages 
46 x 24 x 14.5 em high and activity 
recorded immediately by an observer 
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seated 240 cm from the cages. Determina- 
tions were always performed between 
1,300 to 1,500 hours to minimize the varia- 
tion due to cireadian periodicity. Each 
minute the cages were scanned and the 
activity of the rat pup at that particular 
moment recorded and coded, using one of 
the following mutually exclusive activities: 
sleeping: lying motionless with the body 
resting on the floor and the head often 
tucked under the body; inactive: standing 
or sitting motionless; ambulation: walking 
or running about cage; climbing: forepaws 
climbing on side of cage or about water 
bottle; rearing: both forepaws clear of 
floor; eating: gnawing at food in hopper or 
at pieces on cage floor or holding food in 
forepaws; drinking: mouth contact with 
nozzle of water bottle; sniffing: sniffing at 
any part of cage or in the air; grooming: 
any self-washing or licking movement; and 
scratching: scratching body with hind 
legs. 

Discrimination learning in a T-maze was 
determined at 20 days of age. The apparat- 
us consisted of an acrylic plastic T-maze 9 
em wide X 11 em high with a 30-em long 
stem. Each cross piece was 9 em wide x 16 
em long. Shock was administered contin- 
uously via stainless steel bars 13 mm apart 
throughout the entire apparatus. The rat 
pup was placed in a compartment at the 
base of the long arm of the T. A sliding 
door was then removed, simultaneously 
activating the electrical apparatus and 
allowing the animal to proceed along the 
maze to the safe compartment in one of the 
cross pieces. A 2.5-mamp current was 
supplied by a shock generator/scrambler. 
The escape latency, the time in seconds to 
traverse the maze and enter a safe 
compartment, was recorded automatically 
by a photocell coupled to a timer. The safe 
compartment was assigned as the alter- 
nate chamber after one trial run, and 
remained constant for the remainder of 


the trials; a total of 20 trials was performed 
for each rat pup. Once in the safe compart- 
ment, the rat pup was kept there for 20 
seconds before beginning the next trial. A 
maximum of 30 seconds was allowed for 
the rat pup to negotiate the maze, and if he 
had not done so successfully in that time, 
he was placed in the safe compartment 
manually for a 20-second period. 


Drug Administration 


Dilutions.of methylphenidate hydrochlo- 
ride were freshly prepared immediately 
before the experiment. Rat pups received 
the agent at doses of 0, 0.25, 0.5, 1.0, and 2.0 
mg/kg intraperitoneally in 0.2 ml of solu- 
tion, and both activity and T-maze experi- 
ments were initiated 30 minutes after 
administration of methylphenidate. The 
same rat pup always received this specified 
dose at all ages treated. 


Biochemical Determinations 


Ten days after the last activity measure- 
ment, rat pups were killed by decapitation, 
their brains rapidly removed and frozen on 
dry ice for subsequent determination of 
dopamine and norepinephrine. Analyses 
were performed within two weeks, uti- 
lizing standard fluorometric procedures 
described elsewhere.**.*? 


Statistics 


The 60 separate activity measurements 
for each animal for each day were grouped 
into six, ten-minute epochs. Total activity 
comprising ambulation, climbing, rearing, 
eating, drinking, sniffing, grooming, and 
scratching was recorded and analyzed, 
utilizing analysis of variance. Once a 
significant overall analysis of variance was 
established, differences between individu- 
al treatments, ages, or dosages were deter- 
mined by F-test. Biochemical factors were 
estimated in a similar fashion. Discrimina- 
tion learning in T-maze was determined by 


Table 1.—Effect of Methylphenidate on Activity* 


Activity 
Group (No.) 


All vehicle (30) 


All 6-hydroxydopamine 
(30) 54.3 + 7.3 


Vehicle-saline (6) 32.6 + 4.4 
6-Hydroxydopamine- 
saline (6) 








34.2 + 3.4 


59.0 + 3.3 


Vehicle-methylphenidate 

(24) 33.2 + 3.5 
6-hydroxydopamine- 

methylphenidate 

(24) 


96 Total Time 


Age, Days 





30.8 + 2.8 


81.2 + 4.2 
34.2 + 6.8 


82.2 + 4.5 


30.7 + 3.1 


20.6 + 1.9 


*Activity represented as mean + SEM; parentheses indicate number of rat pups; vehicle received 
intracisternal saline at 5 days of age; and 6-hydroxydopamine-treated animals received 100 ug of this 


drug intracisternally at age 5 days. 


Methylphenidate in Rat Pups—Shaywitz et al 


calculating the time to reach safety, and 
this was also calculated by analysis of 
variance and differences by F-test.” 


RESULTS 
Effect of 6-Hydroxydopamine 
Treatment of Activity 


Rat pups treated with 6-hydroxydo- 
pamine were significantly more active 
than littermate controls, averaging 
54.3% + 7.390 activity between 12 
and 26 days of age, compared to 
34.2% + 3.4% activity in littermate 
controls during the same period 
(P < .001) (Table 1). The increased 
activity in 6-hydroxydopamine ani- 
mals was not apparent at 12 days, 
averaging 19.9% + 1.8% in treated 
compared to 25.1% + 2.6% in controls. 
However, it was clearly evident at 
both 19 days, where activity was 
66.1% + 3.1% in treated compared to 
45.6% + 3.5% in controls (P < .005) 
and at 26 days where activity in 
treated animals averaged 81.2% + 
4.2% vs 30.8% + 2.8% in controls 
(P < .001). 

The effect of 6-hydroxydopamine 
administration in the neonatal period 
on subsequent activity was apparent 
in both saline- and methylphenidate- 
treated animals. Thus, activity in 
6-hydroxydopamine treated rat pups 
after saline averaged 59.0% + 3.3%, 
but only 32.6% + 4.4% in controls 
(P < .001). Similarly, rat pups treated 
with 6-hydroxydopamine and subse- 
quently given similar doses of methyl- 
phenidate averaged 52.5% + 8.0% 
compared to 33.2% + 3.5% in controls 
given methylphenidate (P < .001). 


Effect of 6-Hydroxydopamine on 
T-Maze Learning 


Ability to traverse a T-maze at 20 
days of age was also significantly 
impaired in  6-hydroxydopamine- 
treated animals, averaging 26.3 + 
1.2 seconds in 6-hydroxydopamine- 

. treated pups compared to 14.4 + 2.4 
seconds in controls (P < .005) (Table 
2). Like activity, this difference was 
manifest in saline-treated (26.4 + 6.4 
seconds) compared to saline controls 
(11.3 + 1.5 seconds, P< .01) and in 
6-hydroxydopamine-treated pups 
treated with methylphenidate (26.2 + 
1.6 seconds) compared to controls 
treated with the stimulant (15.1 + 2.5 
seconds, P < .001). 
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Table 2.—Methylphenidate and T-maze Performance* 


Methylphenidate 
Hydrochloride Escape Latency, 
Group Dosage, mg/kg S 


Vehicle 


6-Hydroxydopamine (6) 
(6) 

(6) 

(6) 

(6) 


Overall F — 40.7, df — 9,1219, P — .001 


Vehicle-saline (6) 

Vehicle-methylphenidate (24) 

All vehicle (30) 

6-Hydroxydopamine-saline (6) 

6-Hydroxydopamine-methylphenidate (24) 

All 6-hydroxydopamine (30) 26.3 + 1.2 


*Number in parentheses indicates number of animals; escape latency in seconds + SEM; vehicle 
and 6-hydroxydopamine as in Table 1. 


Fig 1.—Effect of methylphenidate on activity in normal and 6-hydroxydopamine(OHDA)- 
treated rat pups at 12, 19, and 26 days of age. Activity represented as percent of total 
time; and was determined beginning 30 minutes after intraperitoneal injection of 
methylphenidate. 
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Effect of Maturation on Activity in 
Normal and 6-Hydroxydopamine- 
Treated Rat Pups 


In all normal developing rat pups, 
activity at 12 days averaged 
25.1% + 2.6%, but by 19 days, had 
increased significantly to 45.6% + 
3.5%. By 26 days, activity had declined 
again and averaged 30.8% + 2.8% 
(P < .001). Activity in all 6-hydroxy- 
dopamine-treated rat pups averaged 
19.9% + 1.8% at 12 days of age, then 
increased to 66.1% + 3.1% at 19 days 
(P < .001) and was also increased at 
26 days, averaging 81.2% + 4.2% 


(P< .05 vs 19 days) (Table 1). Rat 
pups who received neither 6-hydroxy- 
dopamine nor methylphenidate in- 
creased from 12.8% + 5.5% activity at 
12 days to 45.8% + 8.2% at 19 days, 
then declined to 34.2% + 6.8% at 26 
days (P< .025) Normal rat pups 
receiving methylphenidate increased 
from 27.8% + 2.8% activity at 12 days 
to 45.6% + 3.8% at 19 days (P < .05), 
then declined at 26 days 30.7% + 3.1% 
(P< .01). Comparable data for 6- 
hydroxydopamine-treated animals in- 
dicated an increase of from 
19.9% +18% at 12 days to 


Table 3.—Relationship Between Age, Methylphenidate and 6-Hydroxydopamine 
on Activity Levels* 


Activity (%) Total Time According to 


Methylphenidate 
Hydrochloride 
Dosage, mg/kg 12 
Vehicle 


Age, Days 


19 Overall 


0 
0.25 
0.5 
1.0 
2.0 


6-Hydroxydopamine 
0 


0.25 
0.5 
1.0 
2.0 


12.8 + 5.5 
16.7 + 3.7 
16.7 + 3.7 
24.0 + 5.7 
40.0 + 6.8 


17.4 + 2.9 
19.4 + 3.9 
18.0 + 3.4 
24.2 + 3.8 
20.6 + 4.1 


45.8 + 8.2 
40.0 + 6.2 
45.0 + 8.0 
45.7 +72 
59.4 += 1.0 


774+ 4.9 
66.0 + 6.3 
51.0 17.5 
66.9 + 5.6 
62.1 + 6.1 


34.2 + 6.8 
40.8 + 6.8 
30.0 + 5.5 
24.3+ 5.3 
24.6 + 5.9 


82.2 + 4.5 
76.5 + 4.6 
89.0 + 3.7 
90.6 + 3.3 
55.4 + 7.1 
F = 17.3 

df = 9,378 
P — .001 


32.6 + 4.4 
28.4 + 3.6 
33.2 + 3.7 
31.3 + 3.7 
39.7 + 4.5 


59.0 + 3.3 
53.9 + 3.5 
53.9 + 3.7 
57.8 + 3.3 
44.4 + 3.8 


F — 9.06 


df — 9,1134 


P — .001 


66.1% + 3.1% at 19 days (P < .001) 
and 81.2% + 4.2% at 26 days (P > .1 vs 
19 days) The 6-hydroxydopamine- 
treated rat pups not receiving methyl- 
phenidate increased activity from 
17470 +29% at 12 days to 
T14% + 49% at 19 days and 
82.2% + 4.5% at 26 days (P < .001). 
Pups initially treated with 6-hydroxy- 
dopamine and then methylphenidate 
increased activity from 20.6% + 1.9% 
at 12 days to 62.4% + 3.2% at 19 days 
(P < .001) and remained stable at 26 
days (80.8% + 2.4%). 


Activity Levels After 
Methylphenidate in Normal 
and 6-Hydroxydopamine- 
Treated Rat Pups 


The relationship between activity 
and methylphenidate for each dose 
and at each age is shown in Fig 1 and 
Table 3. The interaction between 
activity, methylphenidate dosage, and 
6-hydroxydopamine treatment was 
significant for all age groups com- 
bined (Table 3, column 5). The effect 
of methylphenidate in normal devel- 
oping rat pups was one of increasing 
activity with increasing dosage. In 
contrast, the effect of methylpheni- 
date in 6-hydroxydopamine-treated 
animals was to reduce activity. This 
“paradoxical” effect of methylpheni- 





*Activity as percent +SEM; number of all groups was 6. 


Fig 3.—Brain catecholamine concentrations in normal and 
6-hydroxydopamine(OHDA)-treated rat pups. Concentrations of 
dopamine and norepinephrine as nanograms per gram wet 
weight for whole brain. Animals were killed at 33 days of age. 
Concentrations corrected for recovery of dopamine of 80% and 
norepinephrine of 72%. 


Fig 2.—Effect of methylphenidate on escape latency in T-maze at 
20 days of age. Pups treated as in Fig 1. 
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date hydrochloride was best seen at 
the 2.0 mg/kg dosage, where activity 
declined by one third. 

Although the interaction between 
activity, methylphenidate dosage, and 
6-hydroxydopamine treatment was 
significant for each age individually, 
the effect of methylphenidate varied, 
depending on the age of the animal. 
Thus, at 12 days of age (Table 3, 
column 2) and 19 days of age (Table 3, 
column 3), methylphenidate given to 
normal rat pups resulted in an 
increase in activity. In contrast, 
methylphenidate in 12-day-old, 6-hy- 
droxydopamine-treated animals re- 
sulted in no significant increase in 
activity. At 19 days of age, methyl- 
phenidate hydrochloride at dosages of 
0.5 mg/kg and 2.0 mg/kg (P < .005 
and P — .05, respectively) resulted in 
significant reductions in activity lev- 
els. 

At 26 days of age, (Table 3, column 
4) 6-hydroxydopamine-treated rat 
pups also demonstrated a significant 
reduction in activity of approximately 
31.5% with methylphenidate hydro- 
chloride at 2.00 mg/kg. However, 
methylphenidate administration in 
normal rat pups at this age resulted in 
significant reduction in activity. 


Methylphenidate and T-Maze 
Learning 


Escape latency in a T-maze at 20 
days of age was also affected by 
methylphenidate, as noted by the 
signifieant interaction between es- 
cape latency, methylphenidate dos- 
age, and 6-hydroxydopamine treat- 
ment (Fig 2 and Table 2). In normal- 
developing rat pups, methylphenidate 
had no significant effect on T-maze 
learning. In contrast, methylpheni- 
date hydrochloride at 2.0 mg/kg 
signifieantly improved performance 
in 6-hydroxydopamine-treated rat 
pups (P < .001). 


Brain Catecholamine Concentrations 
in Normal and 6-Hydroxydopamine- 
Treated Rat Pups 


Administration of 6-hydroxydo- 
pamine at 5 days of age resulted in a 
significant reduction in brain do- 
pamine (P < .001), while norepineph- 
rine concentrations remained un- 
changed (Fig 3). No differences were 
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found between catecholamine concen- 
trations in methylphenidate-treated 
vs rat pups given saline. 


COMMENT 


Despite the widespread use of both 
amphetamine and methylphenidate in 
children with MBD, investigations to 
define the underlying neurochemical 
mechanisms for methylphenidate 
have neither been as numerous nor as 
comprehensive as those involving am- 
phetamine. Abundant evidence indi- 
cates that the central actions of 
amphetamine are mediated by central 
catecholaminergie mechanisms. Am- 
phetamines are known to indirectly 
release brain catecholamines from 
neuronal terminals, inhibit neuronal 
reuptake, and, to a small extent, inhib- 
it degradation of monoamines by 
monoamine oxidase." The central 
stimulant properties of amphetamine 
are not blocked by reserpine but are 
effectively inhibited by alpha methyl- 
paratyrosine (AMPT), a competitive 
inhibitor of tyrosine hydroxylase. This 
suggests that amphetamines serve to 
release catecholamines from an extra- 
granular, reserpine-resistant ^ pool 
closely linked to newly synthesized 
amine. 

The role of methylphenidate, on the 
other hand, has been explored in rela- 
tively few investigations. One study 
indicated that the actions of methyl- 
phenidate are blocked by pretreat- 
ment with reserpine but variably 
effected by AMPT, suggesting that 
methylphenidate causes release of 
catecholamines from a reserpine- 
sensitive granular pool but not from 
newly synthesized amine.” Conflict- 
ing data, however, is provided by 
Breese and associates." In this more 
recent investigation, both reserpine 
and AMPT produced a significantly 
greater improvement in the attenua- 
tion of the response to methylpheni- 
date hydrochloride (5 mg/kg) than 
did reserpine alone, suggesting that 
the response to the stimulant might 
be dependent, in part, on newly 
synthesized amine. Ferris and asso- 
ciates,^ utilizing in vitro methods, 
demonstrated that methylphenidate 
inhibited catecholamine uptake from 
cortex, hypothalamus, and striatum 
and stimulated dopamine release from 


striatum. Further support for this 
suggestion that the stimulant actions 
of methylphenidate are related to 
release of brain catecholamines is 
provided by Chiueh and Moore.” 
Utilizing ventricular aquaductal per- 
fusions in cats, their investigation 
demonstrated that methylphenidate 
increased the efflux of newly synthe- 
sized dopamine; pretreatment with 
reserpine abolished this release. Dex- 
troamphetamine was more potent in 
releasing dopamine than was meth- 
ylphenidate and in contrast to meth- 
ylphenidate, pretreatment with 
reserpine did not alter the efflux of 
dopamine. This data supports the 
hypothesis that methylphenidate re- 
leases catecholamines from a reser- 
pine-sensitive granular pool. 
Experiments utilizing electrolytic 
brain lesions of dopaminergic path- 
ways also serve to emphasize the 
importance of dopaminergic mecha- 
nisms in the central actions of methyl- 
phenidate. Costall and Naylor,” in 
evaluating stereotyped behavior fol- 
lowing large doses of methylpheni- 
date hydrochloride (10 to 40 mg/kg), 
found that the most effective aboli- 
tion of methylphenidate-induced ster- 
eotyped behavior was produced by 
lesions of the globus pallidus, with less 
pronounced reductions of stereotypy 
affected by lesions in the mesolimbic 
dopaminergic pathways. They inter- 
preted their findings as suggesting 
that the striatal effects of methyl- 
phenidate were postsynaptic in na- 
ture, in contrast to the presynaptic 
actions of amphetamine. Another dif- 
ference between amphetamine and 
methylphenidate was demonstrated 
by Kuczenski and Segal? These 
investigators measured striatal do- 
pamine synthesis at high doses (25 to 
50 mg/kg) of methylphenidate hy- 
drochloride, dextroamphetamine (5 
mg/kg) or levamfetamine (18 mg/kg). 
Both dextroamphetamine and levam- 
fetamine produced a dose-dependent 
decrease in synaptosomal dopamine 
synthesis, while methylphenidate had 
no effect. However, locomotor activity 
and degree of stereotypy were com- 
parable in both amphetamine-treated 
and  methylphenidate-treated ani- 
mals. The authors suggest that 
although the ultimate effect of both 
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amphetamine and methylphenidate 
may be the same in terms of stimulat- 
ing dopaminergic transmission, the 
mechanisms for this effect are appar- 
ently different for both stimulants. 

Serotonergic mechanisms may also 
play a role in methylphenidate- 
induced activity. Thus, reduction of 
serotonin by administration of para- 
chlorphenylalanine produced a signifi- 
cant increase in methylphenidate- 
induced activity; administration of 
the serotonin precursor 5-hydroxy- 
tryptophan effectively antagonized 
this potentiation.”’ 

Although Gauron and Rowley had 
examined the effects of methylpheni- 
date at two different ages (47 and 87 
days) in mature animals, no previous 
investigation has explored the effects 
of this stimulant in developing rats. 
Our findings indicate that methyl- 
phenidate produces significantly dif- 
ferent age-related effects on activity 
in normal developing rat pups. Thus, 
at 12 days of age, methylphenidate 
hydrochloride significantly increased 
activity at dosages of 0.5 mg/kg and 
above, and when all dosages are 
combined, resulted in a twofold 
increase in activity. At 19 days, 
methylphenidate hydrochloride in- 
creased activity only at the highest 
dose level (2.0 mg/kg); at 26 days of 
age, activity was reduced at 1.0 mg/kg 
and 2.0 mg/kg of methylphenidate 
hydrochloride. These effects in normal 
rat pups were in marked contrast to 
those found in pups preferentially 
depleted of brain dopamine by 
6-hydroxydopamine. Thus, at 12 days 


of age, methylphenidate did not 
significantly alter activity in 6- 
hydroxydopamine-treated animals. 


However, at 19 days, methylphenidate 
significantly reduced activity, partic- 
ularly at 0.5 and 2.0 mg/kg doses. For 
all dose levels at this age, methylphen- 
idate administration resulted in ap- 
proximately 25% reduction in activity. 
At 26 days, methylphenidate hydro- 
chloride (2.0 mg/kg) again produced a 
significant reduction in total activi- 
ty. 
The effect of methylphenidate on 
escape latency in a T-maze at 20 days 
of age produced effects very similar to 
those found with activity measure- 
ments. Normal rat pups performed 
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significantly better than did 
6-hydroxydopamine-treated animals 
who required almost twice the time to 
traverse the maze than did controls. 
Methylphenidate had no significant 
effect on these normal animals. In rat 
pups depleted of brain dopamine, 
however, performance was signifi- 
cantly improved by administration of 
20 mg/kg methylphenidate hydro- 
chloride. 

A comparison of the response of 
both normal and 6-hydroxydopamine- 
treated developing rat pups to methyl- 
phenidate and to amphetamine indi- 
cates both the similarity of these stim- 
ulants as well as potential differences 
in their mechanism of action. The 
most obvious difference in action was 
the finding that amphetamine invari- 
ably results in an increase in activity 
in normal developing rat pups even at 
26 days of age." However, methyl- 
phenidate produced a reduction in 
activity at this age at some dosages, 
although the overall effect of all doses 
of methylphenidate was not signifi- 
cantly different from that in un- 
treated animals. Methylphenidate, 
like amphetamine, resulted in a 
remarkable reduction in activity in 
the hyperactive 6-hydroxydopamine- 
treated animals at ages when activity 
was markedly increased in these 
dopamine-depleted animals. This re- 
sponse was similar to that seen after 
amphetamine and has been character- 
ized as “paradoxical.” 

We have suggested that such a 
paradoxical response may be ex- 
plained by considering that the 
nigroneostriatal dopaminergic system 
acts as a modulator of excitatory 
activity. It is not clear whether this 
excitatory activity is mediated by 
noradrenergic pathways or portions of 
the mesolimbic dopaminergic sys- 
tem.**-*° Treatment of the neonatal rat 
pup with 6-hydroxydopamine perma- 
nently damages the nigroneostriatal 
dopaminergic system, thus removing 
a constraint on excitatory activity 
that now predominates. Administra- 
tion of methylphenidate releases cate- 
cholamines presynaptically, which 
then act on the damaged supersensi- 
tive postsynaptic dopaminergic neu- 
rons in the nigroneostriatal pathway. 
Since the exaggerated response pro- 


duced in this pathway is primarily 
inhibitory, the resultant is a reduction 
in activity. Abundant evidence sup- 
porting the existence of central dener- 
vation supersensitivity is found both 
behaviorally and pharmacological- 
jy 

However, the methylphenidate-re- 
lated reduction in activity in normal 
26-day-old animals could not be 
ascribed to the supersensitivity phe- 
nomenon. As noted above, Breese and 
associates" have suggested that sero- 
tonin depletion potentiates methyl- 
phenidate-induced activity. In this 
case, it is possible that a portion of the 
methylphenidate-induced increase in 
activity found at 12 and 19 days may 
be due to the relative immaturity of 
serotonergic mechanisms at these 
ages. However, by 26 days of age, 
serotonergic mechanisms are for the 
most part mature, and the previous 
potentiation in activity is no longer 
apparent. 

The paradoxical response to methyl- 
phenidate demonstrated by devel- 
oping rat pups depleted of brain 
dopamine. as neonates adds further 
support to the suggestion that these 
animals may serve as a useful experi- 
mental animal model of the MBD 
syndrome found in children. Thus, rat 
pups treated with 6-hydroxydopamine 
as neonates develop increased activity 
and cognitive deficits similar to the 
hyperactivity and learning difficulties 
experienced by children with MBD. 
Administration of amphetamine or 
methylphenidate results in a reduc- 
tion in activity and improvement in 
cognitive performance repeatedly 
seen in children with the disorder. 
Furthermore, such children habituate 
poorly to a new situation and we have 
recently demonstrated a similar in- 
ability to habituate in 6-hydroxydo- 
pamine-treated rat pups. Investiga- 
tions to determine the particular 
dopaminergic pathway responsible for 
these behavioral effects is the subject 
of experiments now in progress. 


Nonproprietary Name and 
Trademark of Drug 
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Subcortical Leukomalacia 


Relationship to Development 


of the Cerebral Sulcus and its Vascular Supply 


Sachio Takashima, MD; Dawna L. Armstrong, MD, FRCP(C); Laurence E. Becker, MD, FRCP(C) 


€ The development of the microvascu- 
lar architecture of the cerebral cortex and 
white matter was studied in the preterm, 
term, and older infant, using postmortem 
cerebral angiography and metal impreg- 
nation studies. During the first few months 
after birth, a relatively avascular triangle 
forms in the white matter at the depth of 
the sulcus. Subcortical leukomalacia oc- 
curs in this triangle as well as in border 
zones between the major cerebral arte- 
ries. 

(Arch Neurol 35:470-472, 1978) 


ocal subcortical white matter le- 

sions have been identified by 
several authors. Schwartz and Ander- 
son' described a rarefied focus of 
dissolution below the cortex of the 
deep sulci in primates that they attri- 
buted to “parturitional damage.” 
Smith’ recognized a focal cystic sub- 
cortical lesion situated at boundary 
zones of major cerebral arteries. We 
have found similar subcortical lesions 
_ in infants with sudden infant death 
syndrome (SIDS) and congenital heart 
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disease. We call this lesion subcortical 
leukomalacia (SL) and define it as a 
focal rarefaction of white matter at 
the depth of a sulcus, associated with 
paucity of axons and myelin, and occa- 
sional swollen axons, macrophages, 
and reactive astrocytes. It is often in a 
watershed zone between the major 
cerebral arteries, as Smith? recog- 
nized. We find SL in the brains of 
term and older infants, in contrast to 
periventricular leukomalacia (PL), 
which is seen more often in newborns 
born at or before term.’ 

Because of the occurrence of the SL 
in term and older infants, we specu- 
lated that its pathogenesis was 
related to the development of the 
vessels in the cerebral cortex and the 
subcortical white matter at the depth 
of sulci. 


MATERIALS AND METHODS 
Postmortem Cerebral Angiography 
and Benzidine Stain 


Postmortem cerebral angiography was 
done on 30 neonates and 16 children with- 
out intracranial lesions, and on eight 
neonates with PL. During autopsy, a colloi- 
dal solution of barium sulfate and gelatin 
was injected into the cerebral arteries or 
into cerebral veins. The formaldehyde- 
fixed brains were then cut coronally and 
these sections were radiographed by a soft 
x-ray apparatus. Then the sections were 


cut thinner (about 500 u) and stained with 
benzidine to define blood in capillaries and 
veins. 


Metal Impregnations 


Metal impregnations were prepared on 
tissue from three preterm, five term, and 
11 older infants. Two of the term brains 
and six of the older brains had SL. After 
formaldehyde fixation and coronal cutting, 
sections for vascular staining were taken 
from the frontal lobe and the areas with 
SL. The vascular stain was done using the 
method of metal impregnation as modified 
by Hasegawa and Ravens.* 


RESULTS 
Development of Cerebral 
Vasculature 


In the cerebral hemispheres, the 
cortical arteries supply the cerebral 
cortex, the subcortical arteries supply 
the subcortical white matter, and 
medullary arteries supply the deep 
white matter and subependymal ma- 
trix. 

In the very premature brain (less 
than 28 gestational weeks) with very 
shallow sulci, the cortical, subcortical, 
and medullary branches of the menin- 
geal vessels penetrate the cortex at 
regular intervals. These vessels leave 
the meningeal vessels at approximate- 
ly right angles (Fig 1). The subcortical 
and long straight medullary arteries 
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Fig 1.—Premature infant of 26 weeks’ 
gestation who lived 20 days. Frontal lobe. 
Cortical and subcortical branches of 
meningeal vessels penetrate cortex at 
approximately right angles. Metal impreg- 
nation for vascular staining (original mag- 
nification x 15). 
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Fig 4.—Vascular staining of 2-month-old 
infant. Penetrating vessels fan out in cere- 
bral cortex. Frontal lobe, metal impregna- 
tion (original magnification x 15). 


bend gently at the cortical-white 
matter junction in the direction of the 
lateral ventricle (Fig 2). 

In the mature infant brain (from 
near term to 3 months old) with its 
deeper sulci, the subcortical and 
medullary arteries from each side of 
the sulcus bend more acutely at the 
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Fig 2.—Postmortem microarteriography of 
infant of 27 weeks’ gestation who lived two 
days. Subcortical and medullary arteries 
bend gently at cortical-white matter junc- 
tion in direction of lateral ventricle. Frontal 
lobe (original magnification x9). 





Fig 5.—Postmortem microarteriography of 
12-month-old infant. Long cortical and 
short subcortical arteries develop in sub- 


cortical triangle (original 
x 5). 


magnification 


cortical-white matter junction and 
extend through the subcortical white 
matter toward the lateral ventricle. 
Thus, a triangular area of white 
matter at the depth of the sulcus 
occupies a border zone between the 
subcortical and medullary arteries on 
each side of the sulcus (Fig 3). Here, 





Fig 3.—Postmortem microarteriography of 
full-term newborn 3 days of age. Note 
subcortical triangle (T) and arterial border 
zone (original magnification X 9). 





Fig 6.—Metal impregnation for vascular 
staining of 2-month-old infant with SIDS 


and subcortical leukomalacia (original 
magnification X 18). 


too, at the depth of the sulcus the 
territory between the cortical vessels 
is greater than at the sides of the 
suleus (Fig 4). In the triangular area, 
the vessels fan out and the vascular 
density appears less. 

In the brains of older infants (7 to 
12 months old) the sulci become deeper 
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Fig 7.—Developing vascular pattern and its 
relationship to occurrence of periventricu- 
lar and subcortical leukomalacia. Left, 
Premature periventricular leukomalacia, 
right, mature subcortical leukomalacia. C 
indicates cortex; V, ventricle. 


and branches of the cortical, subcorti- 
cal, and medullary arteries develop in 
length and number. In the subcortical 
triangle, referred to above, more long 
cortical and short subcortical arteries 
develop (Fig 5). 


Vascular Stains of SL 


In the brains with SL, metal 
impregnations showed a poverty of 
vessels near the lesion situated in the 
triangle under the sulcus. The cortical 
and subcortical vessels appeared to 
end near the edge of the lesion 
(Fig 6). 


COMMENT 


Figure 7 is a scheme illustrating our 
concept of the changing vascular 
pattern and its relationship to the 
occurrence of PL and SL. Periventric- 
ular leukomalacia is often associated 
with immaturity of medullary and 
ventriculofugal arteries in preterm 
and term newborns.* It occurs at the 
watersheds of major cerebral arteries? 
and also at the watershed between 
ventriculopetal and  ventriculofugal 
arteries.’ | 
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With maturation, at term, the 
length of the suleus deepens and with 
this change there is an alteration in 
the course of the subcortical and 
medullary vessels. The cortical arte- 
ries also have an alteration in their 
territories of supply. A relatively 
avascular triangle appears at the 
depth of the sulcus in the border zone 
between vessels for the lateral sides of 
the suleus. With further development, 
additional vessels appear to supply 
this area, but there is a period within 
the first few months after birth in 
which the brain at the depth of sulcus 
is less well supplied by vessels. The 
shape and age of this special avascular 
subcortical triangle coincides with 
those of subcortical leukomalacia. 
Metal impregnations of the brains 
with SL prove that SL occurs in the 
triangle. 

SL is most prominent at the 
watersheds between the major cere- 
bral arteries** and at watershed zones 
at the depth of the sulcus in term and 
older infants. We believe that SL, as 
well as PL, is related to the state of 
maturity of the vascular supply and to 
the sites of vascular watershed. 

In animal experiments,*® systemic 
hypotension leads to infarctions in the 
border zone or watershed area lying 
between the terminal branches of the 
major arteries. This is related to the 
decrement of perfusion pressure in 
distal fields between arterial supplies.* 
Myers” has been able to produce selec- 
tive damage in the brains of newborn 
monkeys by manipulating metabolic 
insults to the brain. He was able, 
for example, to produce only white 
matter lesions by exposing the new- 
born animal to partial asphyxia 


(oligoacidotie hypoxia). 

Leukomalacia is found in a signifi- 
cant number of infants with congen- 
ital heart disease. It is present in the 
brains of SIDS? victims, who may 
have episodes of apnea." The subcorti- 
cal triangle is presumably vulnerable 
to ischemic or hypoxic events and 
leads to focal hypoxicischemic 
changes. 


Fanny Chan and Michael Starr provided tech- 
nical assistance. 
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Subarachnoid Hemorrhage Complicating 


Acute Poststreptococcal Glomerulonephritis 


Martin M. DeBeukelaer, MD, Gilbert F. Young, MD 


€ A 6-year-old boy with seizures and 
signs of meningeal irritation was found to 
have a spontaneous subarachnoid hemor- 
rhage. Investigations, including a renal 
biopsy, were diagnostic of an underlying 
acute  poststreptococcal glomerulone- 
phritis. The patient recovered and is 
asymptomatic three years later. This case 
shows that spontaneous subarachnoid 
hemorrhage can occur in children with 
acute  poststreptococcal glomerulone- 
phritis and should be suspected when 
meningeal manifestations are prominent. 

(Arch Neurol 35:473-474, 1978) 


M petii) hemorrhage has, to 

our knowledge, not been reported 
previously in children with acute post- 
streptococcal glomerulonephritis. 


REPORT OF A CASE 


A 6-year-old youngster was seen in an 
emergency room after a generalized 
seizure. He was incontinent, and the urine 
eontained blood. His blood pressure was 
normal. Two days later, he had another 
convulsion and was admitted to the 
Medical University Hospital. 

He appeared in mild respiratory distress, 
anxious, and slightly lethargic, but alert 
enough to complain of headache. His blood 
pressure was 190/140 mm Hg, pulse rate 88 
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beats per minute, temperature 37.5 C. 
There was severe nuchal rigidity and opis- 
thotonos. Results of funduscopic examina- 
tion were normal. Fine rales were heard at 
both lung bases. There was no edema. 
Hemoglobin level was 9.7 gm/100 ml; WBC 
17,000/cu mm, with a normal differential. 
Urinalysis showed 2+ protein by dipstick 
and innumerable RBCs per high-power 
field. Blood urea nitrogen level was 20 mg/ 
100 ml and serum creatinine level 0.7 mg/ 
100 ml. Coagulation studies, platelet count, 
and hemoglobin electrophoresis were with- 
in normal limits. Blood glucose and serum 
calcium and magnesium values, EEG, 
echoencephalogram, radioisotopic scan of 
the brain, and roentgenographic examina- 
tion of the skull and spine showed no 
abnormalities. A lumbar puncture yielded 
uniformly bloody spinal fluid, which was 
xanthochromatic after centrifugation. The 
WBC was 640/cu mm, with 80% neutrophils 
and 20% lymphocytes. Protein content was 
144 mg/100 ml, glucose 43 mg/100 ml. 
Cerebral angiography (aortic arch and 
carotid injections) failed to detect a 
vascular malformation or point of origin 
for the bleeding. Blood, urine, and spinal 
fluid cultures were negative. The anti- 
streptolysin (ASO) titer was 1,250 Todd 
units and the screening test to detect 
presence of  streptococcal antibodies 
(Streptozyme) was positive. Cryoglobulins 
were present in the serum. A roentgeno- 
gram of the chest indicated slight cardio- 
megaly and pulmonary vascular con- 
gestion. Serum complement (C3) three 
weeks after admission was normal. An 
intravenous pyelogram, cystourethrogram, 
and renal arteriogram showed normal 


kidneys, collecting system, and renal 
vasculature. 

Blood pressure rapidly returned to 
normal, and the patient became more alert. 
Opisthotonos and nuchal rigidity gradually 
disappeared. A second lumbar puncture 
four days after admission showed marked 
xanthochromia, RBC 74,000/cu mm, and 
WBC 162/cu mm, predominantly neutro- 
phils. Protein level was 59 mg/100 ml and 
glucose level 34 mg/100 ml. Urine output 
increased, and the patient lost weight. 
Proteinuria disappeared after three weeks, 
but microscopic hematuria persisted. Light 
and electron microscopic examinations of a 
renal biopsy specimen, obtained six weeks 
after onset, were indicative of a resolving 
acute proliferative and exudative glomeru- 
lonephritis. Immunofluorescent studies in- 
dicated the presence of granular deposits 
of complement (C3) and fibrinogen in the 
glomerular mesangium. 

The ASO titer dropped to 833 Todd units 
8 weeks after onset and to 250 units 13 
weeks later. The Streptococcal antibody 
screening test became negative, and hema- 
turia disappeared after six months. Serum 
eryoglobulins persisted for'one year. The 
patient is asymptomatic three years after 
his illness, with normal blood pressure and 
renal function. 


COMMENT 


The findings and course strongly 
suggest that the patient had acute 
poststreptococcal glomerulonephritis, 
and that this was the only identifiable 
cause for the subarachnoid bleeding. 
The coexistence of  subarachnoid 
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hemorrhage and renal glomerular dis- 
ease has been described in polyarte- 
ritis nodosa, anaphylactoid purpura, 
systemic lupus erythematosus, and 
Goodpasture's syndrome.'-? These con- 
ditions were excluded. Subarachnoid 
hemorrhage complicating acute glom- 
erulonephritis has been reported in a 
few adults, but not in children.**? 
These case reports either failed to 
exclude the common causes of sub- 
arachnoid bleeding, or they lacked 
histologic confirmation of acute pro- 
liferative glomerulonephritis or docu- 
mentation of a preceding strepto- 
coccal infection. 

Subarachnoid hemorrhage can occur 
during a severe hypertensive crisis, 
but additional factors are usually 
operative, such as a vascular anomaly, 
which was not uncovered in this case.'^ 
Although the initial hypertension may 
have been a contributing factor, it is 
unlikely to have constituted the sole 
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cause for the hemorrhage, and may be 
in part secondary to it. 

Cerebral “vasculitis” may have 
coexisted, since extrarenal inflamma- 
tory vascular lesions have been de- 
scribed in patients with acute post- 
streptococcal ^ glomerulonephritis." 
Such a lesion can result in hemorrhage 
or may lead to an aneurysm. 

Intracranial bleeding could have 
resulted from immunologically in- 
duced injury to vessels of the choroid 
plexus secondary to the deposition of 
immunoglobulins and complement. In 
acute poststreptococcal glomerulone- 
phritis, an analogous chain of events 
in the glomeruli often results in gross 
hematuria,? and immune deposits 
have been found outside the kidney.'* 
The renal glomerular basement mem- 
brane and the choroid plexus show 
anatomic, biochemical, and functional 
similarities,'^'5 and they share com- 
mon antigenic sites, which may result 
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in cross-reactivity.” Koss et al showed 
granular deposits of immunoglobulins 
and complement (C3) in the choroid 
plexus and in the renal glomeruli of 
rabbits given "one-shot" serum sick- 
ness, a condition closely resembling 
acute poststreptococcal glomerulone- 
phritis in humans. Patients with 
systemic lupus erythematosus and 
Goodpasture's syndrome were found 
to have the same immune deposits in 
the choroid plexus and in the kid- 
neys.'*?' A choroid plexus hemorrhage 
was discovered at autopsy in a patient 
with Goodpasture's syndrome? We 
believe that the possibility of patho- 
physiologie changes in the choroid 
plexus deserves further investigation 
in experimental and human immuno- 
logic disorders, particularly when as- 
sociated with CNS manifestations. 
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Brief Communications and Clinical Notes 


è A diagnosis of adult-onset metachro- 
matic leukodystrophy (MLD) was estab- 
lished in a living 63-year-old man with 
progressive dementia and peripheral neu- 
ropathy. Decreased nerve conduction ve- 
locities and elevated spinal fluid protein 
concentration led to more specific diag- 
nostic studies required to confirm the 
diagnosis. This case expands the spec- 
trum of adult-onset MLD to patients with 
dementia and polyneuropathy past the 
sixth decade of life. Measurement of 
nerve conduction velocities may help to 
uncover cases of adult-onset MLD and 
should be included in the evaluation of 
dementia. 

(Arch Neurol 35:475-477, 1978) 


NE leukodystrophy 
(MLD) is an autosomal reces- 
sive, lysosomal disorder of sulfatide 
metabolism due to an inborn deficien- 
cy of arylsulfatase A, the heat-labile 
component of cerebroside sulfatase. 
The deficient activity of cerebroside 
sulfatase causes excessive accumula- 
tion of sulfatides in the central and 
peripheral nervous systems and in 
certain systemic organs.'? The diag- 
nosis is supported by demonstration 
of increased urinary sulfatide excre- 
tion, by presence of metachromatic 
deposits in sural nerve, and by defi- 
ciency of arylsulfatase A in urine, 
leukocytes, or skin fibroblasts. The 
possibility of MLD is seldom enter- 
tained in elderly patients with pro- 
gressive dementia. We describe here a 
63-year-old man in whom the presence 
of unexplained polyneuropathy in 
association with progressive dementia 
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Late Adult-Onset 
Metachromatie Leukodystrophy 


Dementia and Polyneuropathy in a 63-Year-Old Man 


was of considerable help in suggesting 
the correct diagnosis. This case, to our 
knowledge the oldest on record at the 
time of onset, in whom the diagnosis 
of MLD was possible during life, 
suggests that MLD should be consid- 
ered in the differential diagnosis of 
progressive dementia in adults. 


REPORT OF A CASE 


A 63-year-old farmer was seen at the 
University of Iowa Hospitals in February 
1976 with progressive impairment of mem- 
ory and dysesthetic feet. He had easily 
managed a large farm until the spring of 
1975, when increasing impairment of 
memory, confusion, and apathy became 
apparent. He reportedly fed his livestock 
repeatedly within short intervals, and 
became disoriented in his own hometown. 
He lost interest in farming, became with- 
drawn and emotionally labile. In the fall of 
1975, he began to complain of painful and 
numb feet. 

On examination he appeared to be alert 
and responsive, but was disoriented to time 
and place. His speech, right-left discrimi- 
nation, and constructional ability were all 
intact. Both immediate and recent memory 
were severely impaired, but his general 
fund of information was only mildly defec- 
tive. The WAIS full-scale IQ was 82, with 
verbal and performance subscores of 80 
and 88, respectively. Motor strength in 
both upper and lower extremities was 
normal. Muscle stretch reflexes were 
absent at the ankles. Plantar responses 
were flexor. There was mild reduction in 
alternating motion rate and intention 
tremor in the upper extremities, and the 
heel-to-knee test was ataxic. Touch and 
pain perception was decreased in legs, and 
pallesthesia was absent in the toes. He had 
a cautious, small-stepped gait. 

Soon after discharge from his first hospi- 
talization, he had two nocturnal general- 
ized seizures. Therapy with phenytoin was 
started, but after two weeks was changed 
to phenobarbital. In the next three months 
further deterioration occurred. Progressive 
neuropathic signs developed and the 


E. Peter Bosch, MD, Michael Noel Hart, MD 


patient required assistance to walk and 
had difficulty in handling small objects. 

In May 1976, neurologic examination 
disclosed definite atrophy of the legs (Fig 
1) and symmetrical weakness of wrist 
extensors, ankle dorsiflexors, and toe 
extensors. Muscle stretch reflexes in the 
lower extremities were now absent. He had 
a broadbased, foot-slapping gait. 

The family history was unremarkable, 
but, unfortunately, five siblings and seven 
adult offspring declined examination. 


Laboratory Studies 


The following laboratory values were 
unremarkable: complete blood cell count, 
sedimentation rate, VDRL, fasting blood 
glucose, cholesterol, liver function tests, 
electrolytes, BUN, vitamin B,, and folic 
acid levels, and urinary screening tests for 
heavy metals. The cerebrospinal fluid was 
clear, contained two mononuclear cells per 
cubic millimeter, and had a protein concen- 


Fig 1.—Symmetrical distal atrophy of legs 
clinically suggests peripheral nerve in- 
volvement in case of adult-onset MLD. 
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Fig 2.—Intramuscular, fibrotic nerve containing rare myelinated axons (arrow) (tri- 
chrome, original magnification x 250). 


tration of 120 mg/dl. Cryptococcal antigen, 
bacterial, and fungal studies of the cere- 
brospinal fluid were negative. Computer- 
ized tomography (CT) scan showed slightly 
enlarged lateral ventricles, prominent cor- 
tical sulci, and normal white-matter densi- 
ty of the centrum semiovale. Electroen- 
cephalogram demonstrated small, sharp 
theta transients bitemporally during light 
sleep. Motor nerve conduction velocities of 
peroneal, tibial, and median nerves were 
reduced to 33, 32, and 44 m/s, respectively 
(normal, 49.4 + 3.8, 46.8 + 3.4, and 
56.0 + 5.0 m/s, respectively). Sensory 
nerve action potentials were absent in 
median and ulnar nerves. Electromyo- 
graphic studies of anterior tibialis muscles 
showed denervation. On two separate 
determinations, the arylsulfatase A activi- 
ty in leukocytes determined by the method 
of Percy and Brady’ was 19 and 20 nmole of 
p-nitrocatechol released per hour per milli- 
gram of leukocyte protein (normal, 
88.1 + 9). 


Morphologic Studies 


A biopsy specimen of the left anterior 
tibialis muscle showed small angular fibers 
in groups, pyknotic nuclear clusters, and 
hypertrophy of some fibers with occasional 
central nuclei and fiber splitting. The 
routine adenosine triphosphatase reaction 
(pH, 9.4) showed fiber-type grouping. A 
small nerve ending contained only rare 
myelinated fibers, excessive fibrosis, and a 
sparse deposit of fine, granular material in 
the fibrotic area that stained brown with 
toluidine blue (Fig 2). A sural nerve biopsy 
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specimen demonstrated very few myeli- 
nated fibers, separated by areas of fibrosis. 
Frozen and paraffin-embedded sections 
stained with toluidine blue (pH, 4.5) 
showed metachromatic, brown, granular 
material both in cytoplasm of macrophages 
and lying free in the fibrotic tissue (Fig 
3). 

Within three months of discharge the 
patient was bedridden. Shortly thereafter, 
he died in a nursing home. Permission for 
autopsy was not obtained. 


COMMENT 


Metachromatic leukodystrophy can 
begin at any age from infancy to adult 
life, but its adult form, with onset of 
symptoms after 21 years of age, 
constitutes only 15% of the reported 
cases.‘ Pilz et al, reviewing the litera- 
ture in 1971, found 21 cases; since 
then, six additional cases have been 
reported.*-'^ Most patients with adult- 
onset MLD develop clinical manifesta- 
tions during the third or fourth decade 
of life and show a progressive course, 
ending in death 14 months to 44 years 
after the onset of symptoms.‘ Our 
patient had initial mental changes at 
62 years of age that progressed over a 
course of 20 months to death. To our 
knowledge, this patient is the oldest 
on record at the time of onset, and 
suggests that advanced age itself 
should not exclude the diagnosis of 
MLD. Three other patients with 





Fig 3.—Portion of sural nerve showing 
fibrosis and metachromatic, granular ma- 
terial lying within macrophages (arrows) 
(toluidine blue, x 250). 


earlier onset have survived the six- 
tieth year of life.*'" In contrast to the 
late-infantile form, the clinical picture 
of adult MLD is mainly characterized 
by progressive mental deterioration 
and various neurologic symptoms, 
including incoordination, ataxia, tre- 
mor, spastic pareses, visual distur- 
bances, and seizures, that may appear 
later in the course of the disease.*^ 

Adult-onset MLD is rarely diag- 
nosed in life because the possibility of 
an inborn metabolic disorder is seldom 
entertained in adult patients with 
progressive mental deterioration. In 
our patient, certain features sug- 
gested the correct diagnosis and 
deserve comment relative to the few 
adult-onset cases in whom the diagno- 
sis had been accomplished during 
life.» 7.5. 10.11 

A history of similarly affected 
siblings, which may serve as the first 
important diagnostic clue, was lacking 
in our patient. In six of the seven 
patients previously diagnosed during 
life, MLD was suspected because of 
similar progressive neurologic disease 
that had been pathologically con- 
firmed in elder siblings.*?*'*'' Even 
the single exception" had an asympto- 
matic 39-year-old sister with preclini- 
cal manifestations, as suggested by a 
deficiency of arylsulfatase in urine 
and leukocytes and by decreased 
nerve conduction velocities. We were 
unable to investigate the possibility of 
MLD in our patient's siblings. 

The behavioral disturbance of our 
patient could best be described as 
“subcortical dementia"? in which 
functions associated with cortical ac- 
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tivity, such as language and praxis, 
are generally less impaired than 
attention, memory, or affect, suggest- 
ing damage of brain core structures. 
Judging from the available descrip- 
tions,"*"" a similar type of dementia 
may have been present in other cases 
of adult-onset MLD although some 
have shown signs of aphasia.’ Nev- 
ertheless, the behavioral disturbances 
of patients with adult-onset MLD are 
often too nonspecific to have differen- 
tial diagnostic value. Similarly, the CT 
scan showed diffuse cortical atrophy 
consistent with previous observations 
obtained by  pneumoencephalogra- 
phy.*? 

Nonopacification of the gallbladder 
by cholecystography and markedly 
elevated CSF protein values are of 
considerable diagnostic help in the 
late-infantile form of MLD," but are 
not as useful in adult cases. The CSF 
protein value in our patient was high- 
er than those found in previous 
reports, which have ranged from 
normal to 83 mg/dl. 

The presence of peripheral neurop- 
athy in the absence of common 
underlying toxic or metabolic condi- 
tions was the most helpful, distin- 
guishing feature that led us to suspect 
the diagnosis of MLD. The clinical 
impression was confirmed by demon- 
strating decreased nerve conduction 
velocities and fiber-type grouping on 
muscle biopsy. The possibility of 
phenytoin neuropathy seemed to be 
unlikely in view of the brief period of 
administration, and other unrelated 
causes were excluded by appropriate 
laboratory studies. In late-infantile 
MLD, peripheral nerve involvement 
with marked reduction of nerve con- 
duction velocities are well-known ear- 
ly features that often precede central 
nervous system involvement.'?'5 In 
adult-onset MLD, however, overt clin- 
ical signs of neuropathy have not been 
previously described.* This may be due 
to the selection bias inherent in cases 
diagnosed at autopsy, where subtle 
clinical findings could have been easi- 
ly overlooked, particularly in the face 
of predominant central nervous sys- 
tem involvement. Clinical signs that 
may be attributed to an underlying 
neuropathy have been reported in two 
patients and consisted of unexplained 
arm pain, paresthesias* and decreased 
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muscle stretch reflexes.'^ These signs 
may have represented an underlying 
neuropathy. Electrophysiologic evi- 
dence of peripheral nerve involvement 
has been evident in nearly all of the 
few tested adult cases.***'^ A preclin- 
ical case of adult-onset MLD was 
found to have reduced nerve conduc- 
tion velocities," suggesting that an 
underlying neuropathy may precede 
central nervous system manifesta- 
tions in adults, similar to what is 
commonly observed in late-infantile 
MLD. 

The residual leukocyte arylsulfatase 
A activity (23% of control values) in 
our patient was an unexpected find- 
ing, since arylsulfatase A activity has 
been usually less than 10% in previous- 
ly reported patients with either late- 
infantile or adult-onset MLD.” Some 
residual arylsulfatase A activity 
might theoretically explain the late 
onset of clinical manifestations in our 
patient, although this explanation has 
been criticized in previous reports.” 
A sural nerve biopsy specimen was 
obtained because of the unusual enzy- 
matic findings. It confirmed the diag- 
nosis by demonstrating advanced de- 
myelination and metachromatic gran- 
ules in macrophages and lying free 


` between nerve fibers. Some metachro- 


matically staining material can be 
found in normal peripheral nerves and 
in various neuropathies, but the 
presence of metachromatic granules 
in the cytoplasm of macrophages is 
considered to be specific for MLD." 

Our observation suggests that 
adult-onset MLD should be considered 
in patients who have dementia and 
unexplained polyneuropathy,  irre- 
spective of age. Nerve conduction ve- 
locities may provide a simple screen- 
ing test for adult-onset MLD and 
should be included in the evaluation of 
dementia. Reduced nerve conduction 
velocities that cannot be explained by 
advanced age or underlying toxic- 
metabolic conditions will then require 
more specific diagnostic studies. The 
diagnosis of MLD should be pursued 
by measuring arylsulfatase A activity 
in urine, peripheral leukocytes, or 
cultured fibroblasts and by sural 
nerve biopsy. 
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Inositol in Multiple Sclerosis 


To the Editor.—I would like to propose 
the hypothesis that an abnormally 
pronounced decomposition of inositol 
is important in the pathogenesis of 
multiple sclerosis (MS). The resulting 
intermittent deficiency of inositol 
compromises the synthesis of the 
phosphoinositides, the only myelinlip- 
ides with a fast turnover,'? resulting 
in demyelinization. 

It has been demonstrated that a 
reversible process, inositol z glu- 
cose, exists in the organism. The ques- 
tion arises whether this equilibrium in 
cases of active MS is displaced abnor- 
mally far to the right, leading to an 
inositol deficiency. 

The hypothesis is tested in a study 
by determination of the difference 
between the most negative redox 
potential (maximal metabolism) ob- 
tained in a blood sample without and 
with inositol added, respectively. 

If the addition of inositol exclusive- 
ly was able to abnormally increase the 
potential reduction, this would mean 
an abnormally pronounced metabo- 
lism of inositol, most likely via 
glucose. 

Four parts of blood were mixed 
with one part of trisodium citrate, 0.13 
mole, in a glass syringe. It was placed 
on ice for a maximum of a half hour. 
In two small glasses, the following 


solutions were prepared: (A) 0.1 ml of 
citrated blood plus 10 ml of methylene 
blue solution, 0.01% in 0.9% NaCl, 
(methylene blue acts as a mediator); 
and (B) same as A plus 0.7 ml of a 0.1- 
mole myoinositol solution. 

Two redox measuring chambers 
were filled completely with mixtures 
A and B, respectively (no air bubbles), 
placed in an incubator at 37° C, and 
the electrodes were connected to a 
recorder for the registration of a pair 
of curves. 

For each curve pair, the difference 
between the largest decrease in redox 
potential on the curves with and with- 
out inositol, respectively, was mea- 
sured (in most cases this occurred 
within eight to nine hours [Figure]). 

Ninety samples from 86 normal 
controls and patients with various 
nonneurological diseases and 60 sam- 
ples from 12 patients with verified 
mostly chronic MS were examined. It 
was found that in 16 (27%) of the 
measurements from patients with MS 
a large decrease (Z 55 mV to maxi- 
mum 115 mV) in redox potential 
oecurred after addition of inositol. 
This did not occur in a single nonmul- 
tiple sclerosis case. 

This seems to indicate that in cases 
of MS, inositol is periodically (during 
attacks?) metabolized in an abnormal- 
ly pronounced way. 

If this result can be verified, the 


Redox potential recordings without addition (A) and with inositol added (B) in blood from 
patient with multiple sclerosis. Inositol results in a 105-mV additional decrease of the 


redox potential. 
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next step should be direct blood inosi- 
tol determinations in acute cases after 
intravenous inositol loading as well as 
attempts to treat MS with large doses 
of inositol. 
Vieco Horm, MD - 
Kronprinsensvej 4A 
DK-2000 
Copenhagen, Denmark 
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Retinal Spontaneous Venous 
Pulsations 


To the Editor._I read with interest 
the article regarding the clinical 
significance of retinal spontaneous 
venous pulsations (SVPs) that was 
published in the January issue of the 
ARCHIVES (35:37-40, 1978). I presented 
a paper on this subject at the eighth 
annual Neurology Resident’s and Fel- 
low’s Symposium at the University of 
Miami School of Medicine in June 
1975. My work confirms Dr Levin’s 
finding and was published in the 
Journal of the Florida Medical Asso- 
ciation (64:355-357, 1977). It was 
determined at that time that the inci- 
dence of SVPs decreased with inereas- 
ing age. Other factors besides spinal 
fluid pressure were obviously involved 
since the incidence of SVPs was only 
40% in this group of 420 consecutively 
studied, neurologically ill patients. 
Patients with seizure disorders, cere- 
brovascular disease, and other CNS 
problems had a lower-than-expected 
incidence of SV Ps, which is frequently 
associated with normal CSF pressure. 
Sixty-five patients underwent lumbar 
puncture. One patient had SVPs and 
an opening pressure of exactly 200 
mm H,O. Since I presented that 
report, I have observed a patient with 
a cerebral neoplasm who had SVPs 
seen on several occasions, although 
increased intracranial pressure was 
not reported. However, in my experi- 
ence, despite rare possible exceptions, 
when present, SVPs are a reliable, 
clinically useful sign of normal intra- 
cranial pressure. 
JOHN C. LoZito, MD 
Melbourne Neurologic 
1355 S Hickory St 
Melbourne, FL 32901 
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CALENDAR OF MEETINGS 1978 


Fifth World Congress of Psychiatric Surgery, Boston 
Second World Congress on Pain, Queen Elizabeth Hotel, 


Second World Congress of Biological Psychiatry, Barcelona, 
Epilepsy International Symposium, Bayshore Inn, Vancou- 
Fourth International Congress on Neuromuscular Diseases, 
The American Neurological Association, Shoreham-Ameri- 


International Society of Neuropathology, Eighth Interna- 


tional Congress, Shoreham-Americana Hotel, Washington, 


Congress of Neurological Surgeons, annual meeting, Wash- 
American Academy of Neurological Surgery, annual meet- 


Southern EEG Society, annual meeting, Atlanta 
Society for Neuroscience, annual meeting, St Louis Conven- 


Aug 21-25 
27-Sept 1 
Quebec 
31-Sept 6 
l Spain 
Sept 10-14 
ver, BC, Canada 
17-21 
Montreal 
22-24 
cana Hotel Washington, DC 
24-29 
DC 
24-29 
ington Hilton, Washington, DC 
Oct 22-25 
ing, Munich, Germany 
26-28 
Nov 5-9 
tion Center, St Louis 
The American Electroencephalo- 


graphic Society, 1978 Clinical Course 
and Annual Meeting.—The annual ses- 
sions of the American EEG Society 
will be held Sept 4-9, 1978, at the 
Hyatt Regency Embarcadero Hotel, 
San Francisco. 

A 2'-day course, “EEG—A,B,C”, is 
scheduled Sept 4-6. American Medical 
Association accredited Category I, 
four to 19 hours. 

The 32nd annual meeting will 
feature symposia on use and abuse of 
EEG in diagnosis of epilepsy, action of 
neuromodulatory transmitters, sharp 
EEG transients, and limits of medical 
inquiry in man. 

Contact: American EEG Society 
Executive Office, 38238 Glenn Ave, 
Willoughby, OH 44094. 


Neuropathology Congress.— The 
VIIIth International Congress of the 
International Society of Neuropathol- 
ogy will be held at the Shoreham- 
Americana Hotel in Washington, DC 
on Sept 29, 1978. The American Asso- 
ciation of Neuropathologists is the 
Host Society. For information and 
registration forms write to: Henry 
deForest Webster, MD, Bldg 36, Room 
4D-04, National Institutes of Health, 
Bethesda, MD 20014. 


Grants Peer Review Study Team.—Dr 
Donald S. Fredrickson, director of the 
National Institutes of Health, has 
announced approval of 33 recommen- 
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dations of the Grants Peer Review 
Study Team headed by Dr Ruth L. 
Kirschstein, director of the National 
Institute of General Medical Sciences. 
Others are under further study and 
only three were rejected. One ap- 
proved recommendation will provide 
applicants with summaries or cri- 
tiques of their proposals with priority 
scores after final action. 


Congress on Neuromuscular Dis- 
ease.- The fourth international con- 
gress on neuromuscular diseases will 
be held in Montreal, Sept 17-21, 1978. 
Symposia have been organized on the 
following topics: all membranes and 
muscle disease; acetylcholine recep- 
tors and myasthenia gravis; nerve 
structure and function; cell interac- 
tions in the peripheral nervous sys- 
tem; toxic disorders; developmental 
abnormalities; and metabolic disor- 
ders. Obtain information from the 
Secretariat, Fourth International 
Congress on Neuromuscular Diseases, 
3587 University St, Montreal, Quebec, 
Canada H3A 2B1. 


Fourth Annual International Joint 
Stroke Conference.— The Stroke Coun- 
cil of the American Heart Association 
announces the Fourth International 
Conference on cerebrovascular dis- 
ease and cerebral circulation to be 
held at the Hyatt Regency Hotel, 
Phoenix, Ariz, Feb 8-10, 1979. 


Members of the Stroke Council and 
others are encouraged to submit 
abstracts. The deadline is Sept 1, 
1978. 

Robert G. Siekert, MD, of the Mayo 
Clinic is the conference chairman. For 
further information contact Adminis- 
trator, Postgraduate Programs, 
American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231. 


Notes From NINCDS 


Valproic Acid Approved.—The anti- 
seizure drug, valproic acid, under the 
brand name Depakene, has been 
approved by the Food and Drug 
Administration for the treatment of 
petit mal epilepsy and, in conjunction 
with other epileptic drugs, for the 
treatment of partial and multiple 
seizure types. Valproic acid has been 
marketed in Europe as valproic sodi- 
um for the past ten years. 

An independent panel of experts, 
convened by the Epilepsy Foundation 
of America, had called for immediate 
FDA approval of valproic acid at a 
February press conference. The pan- 
el’s statement concurred with recom- 
mendations made by the FDA Neuro- 
logical Drugs Advisory Committee 
and with evaluations by the NINCDS 
Epilepsy Branch and the US Commis- 
sion for the Control Epilepsy and Its 
Consequences. 

The Neurological Drugs Advisory 
Committee, under Dr James Ferren- 
delli, Washington University, had rec- 
ommended FDA approval of valproic 
acid at a meeting on Oct 12, 1977, 
based on review of data supplied by 
Abbott Laboratories, the  drug's 
American manufacturer. At that 
meeting, the FDA Neurological Drugs 
Advisory Committee recommended 
that the FDA approve the drug for 
sole and adjunctive therapy in absence 
seizures and for adjunctive therapy in 
partial and mixed seizures in dosages 
up to 30 mg/kg a day, and that the 
FDA request Abbott Laboratories to 
perform five-year, long-term safety 
and efficacy studies on other seizure 
types, especially in myoclonic and 
febrile seizures and infantile spasms. 

The FDA requires demonstration of 
efficacy from two adequate and well- 
controlled studies for approval. The 
committee judged that FDA study 
requirements were fulfilled by three 
investigations, including those by Dr 
M. Suzuke and associates in Japan, 
and by Drs J. Kiffin Penry (NINCDS) 
and F. E. Dreyfuss (University of 
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Virginia) in this country. In addition, 
the Neurological Drugs Advisory 
Committee had reviewed 200 favor- 
able reports on the use of sodium 
valproate. 

In December 1977, the FDA in- 
formed Abbott Laboratories that a 
decision on approval was being de- 
ferred pending receipt of further clin- 
ical efficacy evidence. In response, 
Abbott Laboratories submitted re- 
sults of a clinical trial conducted by Dr 
B. J. Wilder, University of Florida. 

Currently, more than 200,000 per- 
sons in the world with epilepsy are 
taking sodium valproate. In this coun- 
try, an estimated 560,000 epileptic 
patients whose seizures are not con- 
trolled by existing drugs will be 
affected by the FDA decision. 

NINCDS to Cosponsor a Meeting on 
Reye’s Syndrome.—An international 
conference on Reye's syndrome will be 
held on June 22-23, 19778, at the Hotel 
Nova Scotian in Halifax, Canada. 

The international conference is be- 
ing cosponsored by the Faculty of 
Medicine, Dalhousie University, the 
Isaak Walton Killam Hospital for 
Children, Halifax, and the NINCDS. 
Involvement in the conference is 
considered by NINCDS to be a part of 
its overall strategy to identify or 
develop scientifically meritorious re- 
search on Reye’s syndrome. 

Twelve guest speakers will review 
clinical and laboratory diagnosis, pa- 
thology, etiology, metabolism, ther- 
apy, and management of Reye’s 
syndrome, and they will suggest 
avenues for possible future research. 

In addition, abstracts on unre- 
ported Reye's syndrome research will 
be chosen by the program committee 
for ten-minute presentations. Ab- 
stracts, not to exceed 500 words, 
should be submitted by April 15, 1978, 
to Conference Chairman, J. F. S. 
Crocker, MD, FRCP, PO Box 3070, 
Halifax, Nova Scotia, B3J 3G9, Can- 
ada. 

The conference was precipitated in 
part by a dramatic increased inci- 
dence of Reye’s syndrome in children 
after the 1974 and 1977 outbreaks of 
influenza type B. Data compiled on 
425 cases of Reye’s syndrome by the 
Center for Disease Control in Atlanta, 
indicated that 38% of patients died. Of 
the remaining 62%, 11% experienced 
neurological sequelae resulting from 
. delirium and/or coma. Based on data, 
it can be anticipated that in one of 
every 5,000 childhood cases of influen- 
za type B Reye’s syndrome would 
develop. 
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Communicative Disorders Director 
Sought.—Dr Wesley H. Bradley, direc- 
tor of the Communieative Disorders 
Program (CDP), has left the institute 
preparatory to assuming an academic 
position. Dr Donald B. Tower, insti- 
tute director, is establishing a search 
committee chaired by Dr Francis A. 
Sooy (chancellor of the University of 
California, San Francisco, and former 
chairman of the Department of Oto- 
laryngology) to identify suitable can- 
didates for a CDP director. In the 
interim, Dr Eldon L. Eagles, institute 
deputy director, is serving as acting 
director. 

Sylvia W. Shaffer Heads NINCDS 
Information — Activities.—Ms Sylvia 
Shaffer, newly appointed chief of the 
Office of Scientific and Health Re- 
ports, will be the main advisor for 
publie affairs to Dr Donald B. Tower, 
institute director. 

Ms Shaffer will plan and coordinate 
both the institute's publie and scien- 
tific information activities. 

T-I Development Awards.— The objec- 
tive of the Teacher-Investigator 
Award (TIA) Program, now known as 
the Teacher-Investigator Develop- 
ment Award program (TIDA), has 
been changed to emphasize the prepa- 
ration of future teachers and investi- 
gators for careers in clinical research 
areas. 

The TIDA is granted to an institu- 
tion on behalf of a superior candidate 
to provide him or her with an oppor- 
tunity for five years of special study 
and supervised experience tailored to 
the candidate’s individual needs. 

The institute’s TIA reviewers had 
recognized that potential candidates 
had little opportunity to gain previous 
research experience and therefore, 
reviewers had been reluctant to 
recommend the awarding of five 
years of support under these circum- 
stances. Thus, although the new 
guidelines still provide for a five-year 
award period, the fourth year and 
fifth year awards will be based on a 
successful NINCDS program project 
committee review of a continuation 
application to be submitted by the 
candidate during the third award 
year. The application will detail the 
candidate’s initial two-year progress 
and outline the career development 
plan for the remaining two years. 

Also, a $4,000 research allowance 
will be provided for ancillary support 
(supplies, equipment, and travel) es- 
sential to fulfilling the purpose of the 
award. The new guidelines become 
effective for applications submitted 


by June 1, 1978, for consideration at 
the January 1979, National Advisory 
Council meeting. 

The TIDA differs from the Re- 
search Career Development Award 
(RCDA) by seeking to identify clinical 
research potential rather than 
achievement, and it emphasizes devel- 
opment of expertise in both clinical 
research and teaching. 

The RCD and TIDA active on Jan 1, 
1978, include the following: 16 RCDAs 
and six TIDAs in communicative 
disorders; 25 RCDAs and no TIDAs in 
fundamental neurosciences; 49 
RCDAs and 21 TIDAs in neurological 
disorders; and three RCDAs and two 
TIDAs in stroke and trauma. 

National Research Service Award Pro- 
gram.—Clinical and basic scientists 
also may apply for individual National 
Research Service Awards (NRSAs) for 
their postdoctoral research training. A 
total of 299 individual NRSAs at 
$4,098,189 were awarded from fiscal 
year 1977 funds, and an additional 61 
individual NRSAs are in the process 
of being awarded after the Advisory 
Council meeting in January. 

Institutional NRSAs cover the fol- 
lowing four broad training areas: (1) 
basic neurosciences, including devel- 
opmental neurology, neuroanatomy, 
neurobiology, neurochemistry, neu- 
roimmunology, neuropharmacology, 
neurophysiology, neuroradiology, neu- 
rovirology, and sensory physiology 
and biophysics; (2) clinical neuro- 
sciences, including clinical investiga- 
tion, neuroepidemiology, and neuro- 
pathology; (8) basic communicative 
sciences, including audiology, sensory 
physiology and biophysics, and speech 
pathology; and (4) clinical communica- 
tive sciences, including audiology, 
clinical investigation, otopathology, 
and speech pathology. 

The institutional programs for 
training in "clinical investigation" are 
aimed at developing and evaluating 
improved methods of diagnosis, pre- 
vention, and therapy, and at applying 
experimental animal research to clin- 
ical problems involving the human 
nervous, museular, and communica- 
tive systems. 

Institutional NRSAs primarily sup- 
port postdoctoral research training, 
although a limited number of predoc- 
toral trainees are permitted. Within 
two years after completion of train- 
ing, NRSA-supported trainees are 
expected to conduct health-related 
biomedical research or teaching. This 
year, 42 NRSAs were funded for a 
total of $3,218,000. 
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Actual photos show total disintegration of Wigraine tablet in 
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Depakene is indicated for sole or 
adjunctive therapy in patients with 
absence seizures, and adjunctively 
in patients with multiple seizure 
types that include absence. 


With drug-naive patients, the 
chances are excellent that Depakene 
will be the only agent needed to 
control absence seizures. 


After a decade of clinical use 
throughout the world, Depakene 
has an impressive record of control- 
ling absence seizures, often in 
patients resistant to other forms of 
drug therapy. Depakene is consid- 
ered a drug of choice in many 
European countries. 


Common side effects are relatively 
mild in context with other agents. 


Depakene. 


Add 
Depakene. 


Subtract more toxic agents. 


Studies show ^ to 4% of patients 
with absence seizures also expe- 
rience tonic-clonic seizures: 

These patients often need multiple 


drug therapy. 


By using Depakene as part of the 
initial regimen, you can frequently 
reduce the need for more toxic 
agents, and extend your range of 
therapy from the start of treatment. 


Complete prescribing information 
can be found on the following page 
along with full disclosure. 
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DESCRIPTION 


DEPAKENE (valproic acid) is a carboxylic acid designated as 2-propylpentanoic acid. It 
is also known as dipropylacetic acid. DEPAKENE has the following structure: 


eet ok. 


CH4-CH;-CH, 


Valproic acid (pKa 4.95) has a molecular weight of 144 and occurs as a colorless liquid 
with a characteristic odor. It is slightly soluble in water (1.3 mg/ml) and very soluble in 
organic solvents. 

DEPAKENE is supplied as soft elastic capsules and syrup for oral administration. 


CLINICAL PHARMACOLOGY 


DEPAKENE is an anticonvulsant agent which is chemically unrelated to other drugs 
used to treat seizure disorders. It has no nitrogen or aromatic moiety characteristic of 
other anticonvulsant drugs. The mechanism by which DEPAKENE exerts its anticon- 
vulsant effects has not been established. It has been suggested that its activity is related 
to increased brain levels of gamma-aminobutyric acid (GABA). The effect on the 
neuronal membrane is unknown. 

EPAKENE is rapidly absorbed after oral administration. Peak serum levels of 
More acid occur approximately one to four hours after a single oral dose of 
DEPAKENE. The serum half-life (to 4) of the parent compound is approximately eight 
to twelve hours. A slight delay in initial absorption occurs when the drug is administered 
with meals but this does not affect the total absorption. 

A good correlation has not been established between daily dose, serum level and 
therapeutic effect. Valproic acid is rapidly distributed and the drug is strongly bound 
(90'5) to human plasma proteins. 

Elimination of DEPAKENE and its metabolites occurs principally in the urine, with 
minor amounts in the feces and expired air. Very little unmetabolized parent drug is ex- 
creted in the urine. The drug is primarily metabolized in the liver and is excreted as the 
glucuronide conjugate. Other metabolites in the urine are products of beta and omega 
oxidation (C-3 and C-5 position). The three major oxidative metabolites are 2-propyl-3- 
keto-pentanoic acid, 2-propyl-5-hydroxypentanoic acid, and 2-propyl-glutaric acid. 


INDICATIONS 


DEPAKENE (valproic acid) is indicated for use as sole and adjunctive therapy in the 
treatment of simple and complex absence seizures, including petit mal. DEPAKENE 
may also be used adjunctively in patients with multiple seizure types which include ab- 
sence seizures. 

In accordance with the International Classification of Seizures, simple absence is 
defined as very brief clouding of the sensorium or loss of consciousness (lasting usually 
2-15 seconds), accompanied by certain generalized epileptic discharges without other 
detectable clinical signs. Complex absence is the term used when other signs are also 
present. 


CONTRAINDICATIONS 
DEPAKENE (valproic acid) is contraindicated in patients with known hypersensitivity 
to the drug. 


WARNINGS 


Liver dysfunction including hepatic failure resulting in fatalities has occurred in a few 
patients receiving DEPAKENE and concomitant anticonvulsant drugs. These inci- 
dences have occurred during the first six months of treatment with DEPAKENE. 
Although a causal relationship has not been established, liver function tests should be 
performed prior to therapy and every two months thereafter. Caution should be ob- 
served when administering DEPAKENE to patients with pre-existing hepatic disease. 

Usage in Pregnancy: THE EFFECTS OF DEPAKENE IN HUMAN PREGN ANCY ARE 
UNKNOWN. ANIMAL STUDIES HAVE DEMONSTRATED TERATOGENICITY. 

Studies in rats demonstrated placental transfer of the drug. Doses greater than 65 
mg/kg/day given to rats, mice and rabbits produced an increased incidence of skeletal 
abnormalities of the ribs, vertebrae and palate. In rats, there was a dose-related delay in 
onset of parturition. Postnatal growth and survival of the progeny was unaffected. 
Embryolethality or major developmental abnormalities occurred in rats and rabbits at 
doses of 350 mg/kg/day. Studies are being conducted to determine whether there are 
differences in the toxicity of DEPAKENE (valproic acid) in pregnant rabbits when com- 
pared to non-pregnant rabbits. 

Recent reports suggest an association between the use of anticonvulsant drugs by 
women with epilepsy and an elevated incidence of birth defects in children born to these 
women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed anticonvulsants; less systematic or anecdotal re- 
ports suggest a possible similar association with the use of all known anticonvulsant 
drugs. 

"The reports suggesting an elevated incidence of birth defects in children of drug. 
treated epileptic women cannot be regarded as adequate to prove a definite cause and 
effect relationship. There are intrinsic methodologic problems in obtaining adequate 
data on drug teratogenicity in humans; the possibility also exists that other factors, e.g., 
genetic factors or the epileptic condition itself, may be more important than drug 
therapy in leading to birth defects. 

The great majority of mothers on anticonvulsant medication deliver normal infants. It 
is important to note that anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures because of the strong 

sibility of precipitating status epilepticus with attendant hypoxia and threat to life. 

n individual cases where the severity and frequency of the seizure disorder are such 
that the removal of medication does not pose a serious threat to the patient, discontinua- 
tion of the drug may be considered prior to and during pregnancy, although it cannot be 
said with any confidence that even minor seizures do not pose some hazard to the 
developing embryo or fetus. 

The prescribing physician will wish to weigh these considerations in treating or coun- 
seling epileptic women of child-bearing potential. 


PRECAUTIONS 

General: Because of rare reports of platelet aggregation dysfunction, thrombocytopenia 
and elevated liver enzymes, liver function tests, platelet counts and bleeding time deter- 
mination are recommended before initiating therapy and at periodic intervals. 

Since DEPAKENE (valproic acid) may interact with concurrently administered anti- 
convulsant drugs, periodic serum level determinations of concomitant anticonvulsant 
drugs are recommended during the early course of therapy. (See Drug Interactions). 

DEPAKENE is partially eliminated in the urine as a ketone containing metabolite 
which may lead to a false interpretation of the urine ketone test. 
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Information For Patients: Since DEPAKENE may produce CNS depression, especially 
when combined with another CNS depressant (e.g., alcohol), patients should be advised 
not to engage in hazardous occupations, such as driving an automobile or operating dan- 
gerous machinery, until it is known that they do not become drowsy from the drug. 

Drug Interactions: DEPAKENE may potentiate the CNS depressant activity of alcohol. 

THERE IS EVIDENCE THAT DEPAKENE MAY CAUSE AN INCREASE IN SERUM 
PHENOBARBITAL LEVELS, ALTHOUGH THE MECHANISM OF THE INTERAC- 
TION IS UNKNOWN. ALL PATIENTS RECEIVING CONCOMITANT BARBITURATE 
THERAPY SHOULD BE CLOSELY MONITORED FOR NEUROLOGICAL TOXICITY, 
SERUM BARBITURATE DRUG LEVELS OBTAINED, IF POSSIBLE, AND THE BAR- 
BITURATE DOSAGE DECREASED, IF APPROPRIATE. 

THERE IS CONFLICTING EVIDENCE REGARDING THE INTERACTION OF 
DEPAKENE WITH PHENYTOIN. IT IS NOT KNOWN IF THERE IS A CHANGE IN 
UNBOUND (FREE) PHENYTOIN SERUM CONCENTRATIONS. THE DOSAGE OF 
ERR CAM SHOULD BE ADJUSTED AS REQUIRED BY THE CLINICAL SITUA- 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRO- 
DUCE ABSENCE STATUS. 

Caution is recommended when DEPAKENE (valproic acid) is administered with 
drugs affecting coagulation, e.g., aspirin and warfarin. (See ADVERSE REACTIONS). 

Carcinogenesis, Mutagenesis: There has been insufficient study of the drug in animals 
to determine whether it has carcinogenic potential. Carcinogenicity studies in rats and 
mice are currently in progress. 

Mutagenesis studies on DEPAKENE have been performed using bacterial and mam- 
malian systems. These studies have provided no evidence of a mutagenic potential for 
DEPAKENE. 

Pregnancy: See WARNINGS. 

Nursing Mothers: DEPAKENE is excreted in breast milk. It is not known what effect 
this would have on a nursing infant. As a general rule, nursing should not be undertaken 
while a patient is receiving DEPAKENE. 

Fertility: Chronic toxicity studies in juvenile and adult rats and dogs demonstrated 
reduced spermatogenesis and testicular atrophy at doses greater than 350 mg/kg/day in 
rats and greater than 90 mg/kg/day in dogs. THE EFFECT OF DEPAKENE (VALPROIC 
ACID) ON THE DEVELOPMENT OF THE TESTES AND ON SPERM PRODUCTION 
AND FERTILITY IN HUMANS IS UNKNOWN. 


ADVERSE REACTIONS 

Since DEPAKENE (valproic acid) has usually been used with other anticonvulsant 
drugs, it is not possible, in most cases, to determine whether the following adverse reac- 
tions can be ascribed to DEPAKENE alone, or the combination of drugs. 

Gastrointestinal: The most commonly reported side effects at the initiation of therapy 
are nausea, vomiting and indigestion. These effects are usually transient and rarely re- 
quire discontinuation of therapy. Diarrhea, abdominal cramps and constipation have 
been reported. Both anorexia with some weight loss and increased appetite with weight 
gain have also been reported. 

CNS Effects: Sedative effects have been noted in patients receiving valproic acid alone 
but are found most often in patients receiving combination therapy. Sedation usually 
disappears upon reduction of other anticonvulsant medication. Ataxia, headache, 
nystagmus, diplopia, asterixis, "spots before eyes", tremor, dysarthria, dizziness, and in- 
coordination have rarely been noted. Rare cases of coma have been noted in patients 
also on phenobarbital. 

Dermatologic: Transient increases in hair loss have been observed. Skin rash and 
petechiae have rarely been noted. 

Psychiatric: Emotional upset, depression, psychosis, aggression, hyperactivity and 
behavioral deterioration have been reported. 

Musculoskeletal: Weakness has been reported. 

Hematopoietic: Valproic acid inhibits the secondary phase of platelet aggregation. 
(See Drug Interactions). This may be reflected in altered bleeding time. Relative 
lymphocytosis and mild thrombocytopenia have also been noted in isolated cases. 
Leukopenia has been reported. 

Hepatic: Increases in serum alkaline phosphatase and elevations of serum glutamic 
oxaloacetic transaminase (SGOT) have been noted. Isolated cases of severe hepa- 
totoxicity have been reported. (See WARNINGS). 


OVERDOSAGE 


A single case of overdosage with valproic acid has been reported. After ingesting 36 
grams in combination with phenobarbital and phenytoin, the patient presented in deep 
coma. An electroencephalogram recorded diffuse slowing, compatible with the state of 
consciousness. The patient made an uneventful recovery. 

Since DEPAKENE is absorbed very rapidly, gastric lavage may be of limited value. 
General supportive measures should be applied with particular attention being given to 
the maintenance of adequate urinary output. 


DOSAGE AND ADMINISTRATION 

DEPAKENE (valproic acid) is administered orally. The recommended initial dose is 15 
mg/kg/day increasing at one week intervals by 5 to 10 mg/kg/day, until seizures are con- 
trolled or side effects preclude further increases. The maximum recommended dosage is 
30 mg/kg/day. If the total daily dose exceeds 250 mg, it should be given in a divided regi- 
men. 


The following table is a guide for the initial daily dose of DEPAKENE (valproic acid) 
(15 mg/kg/day): 





Number of Capsules or 
Teaspoonfuls of Syrup 
Dose 1 Dose 2 Dose 3 


Total 
Daily 
Dose (mg) 






Weight 






(Ib) 






















10 — 24.9 22— 549 
25 — 39.9 55 — 87.9 
40 — 59.9 88 — 131.9 
60 — 74.9 132 — 164.9 
75 — 89.9 165 — 197.9 


As the DEPAKENE dosage is titrated upward, blood levels of phenobarbital and/or 
phenytoin may be affected. (See PRECAUTIONS). 

Patients who experience G.I. irritation may benefit from administration of the drug 
with food or by slowly building up the dose from an initial low level. 

THE CAPSULES SHOULD BE SWALLOWED WITHOUT CHEWING TO AVOID 
LOCAL IRRITATION OF THE MOUTH AND THROAT. 


HOW SUPPLIED 

DEPAKENE (valproic acid) is available as orange-colored soft gelatin capsules of 250 
mg valproic acid in bottles of 100 capsules (NDC 0074-5681-13), and as a red syrup con- 
taining the equivalent of 250 mg valproic acid per 5 ml as the sodium salt in bottles of 16 
ounces (NDC 0074-5682-16). envaves 
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Garden City, New York 11530 Please see next page for complete prescribing information. 
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DESCRIPTION SYMMETREL® is designated generically 
as amantadine hydrochloride and chemically 
as 1-adamantanamine hydrochloride. 


* HCI 


Amantadine hydrochloride is a stable, white crystalline substance readily soluble in water. It is readily 
absorbed, is not metabolized, and is excreted unchanged in the urine. 


ACTIONS: The mechanism of action of SYMMETREL® in the treatment of Parkinson's disease and 
drug-induced extrapyramidal reactions is not known. It has been shown to cause an increase in 
dopamine release in the animal brain. The drug does not possess anticholinergic activity in animal 
tests at doses similar to those used clinically. 


The antiviral activity of SYMMETREL* against the influenza A virus in humans is not completely 
understood. The mode of action of SYMMETREL® appears to be the prevention of the release of 
infectious viral nucleic acid into the host cell. SYMMETREL* does not appear to interfere with the 
immunogenicity of inactivated influenza A virus vaccine. 


INDICATIONS: Parkinson's Disease/Syndrome and Drug-Induced Extrapyramidal Reactions: 
SYMMETREL® is indicated in the treatment of idiopathic Parkinson's disease (Paralysis Agitans), 
postencephalitic parkinsonism, drug-induced extrapyramidal reactions, and symptomatic 
parkinsonism which may follow injury to the nervous system by carbon monoxide intoxication. It is 
indicated in those elderly patients believed to aevelop parkinsonism in association with cerebral 
arteriosclerosis. In the treatment of Parkinson's disease, SYMMETREL® is less effective than 
levodopa, (-)-3-(3,4-dihydroxyphenyl)-L-alanine, and its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established. Although anticholinergic type side 
effects have been noted with SYMMETREL* when used in patients with drug-induced extrapyramidal 
reactions, there is a lower incidence of these side effects than that observed with anticholinergic 
antiparkinson drugs. 


Influenza A Virus Respiratory Tract lliness: SYMMETREL* (amantadine hydrochloride) is indicated in 
the prevention (prophylaxis) and symptomatic management of respiratory tract illness caused by 
influenza A virus strains. SYMMETREL® should be considered especially for high risk patients, close 
household or hospital ward contacts of index cases and patients with severe influenza A virus illness. 
In the prophylaxis of influenza due to A virus strains, early immunization as periodically recommended 
by the Public Health Service Advisory Committee on Immunization Practices is the method of choice. 
When early immunization is not feasible, or when the vaccine is contraindicated or not available, 
SYMMETREL® can be used for chemoprophylaxis against influenza A virus illness. Because 
SYMMETREL® does not appear to suppress antibody response, it can be used chemoprophylactically 
in conjunction with inactivated influenza A virus vaccine until protective antibody responses develop. 
There is no clinical evidence that this drug has efficacy in the prophylaxis or symptomatic 
management of viral respiratory tract illnesses other than those caused by influenza A virus strains. 


CONTRAINDICATIONS: SYMMETREL* is contraindicated in patients with known hypersensitivity to 
the drug. 


WARNINGS: Patients with a history of epilepsy or other "seizures" should be observed closely for 
possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be followed closely as 
there are patients who developed congestive heart failure while receiving SYMMETREL®. 


Patients with Parkinson's disease improving on SYMMETREL® should resume normal activities 
gradually and cautiously, consistent with other medical considerations, such as the presence of 
osteoporosis or phlebothrombosis. 


Patients receiving SYMMETREL® who note central nervous system effects or blurring of vision should 
be cautioned against driving or working in situations where alertness is important. 


USE IN PREGNANCY: SYMMETREL® has not been studied in pregnant women. The use of this drug in 
EDO-015S 9/77 


women of childbearing age should be undertaken only after weighing the possible risks to the fetus 
against benefit to the patient. SYMMETREL® has been reported to be embryotoxic and teratogenic in 
rats at 50 mg/kg/day, about 12 times the recommended human dose, but not at 37 mg/kg/day. 
Embryotoxic and teratogenic effects were not seen in rabbits which received up to 25 times the usual 
recommended adult human dose. 


NURSING MOTHERS: Since the drug is secreted in the milk, SYMMETREL® should not be 
administered to nursing mothers. 


PRECAUTIONS: SYMMETREL® (amantadine hydrochloride) should not be discontinued abruptly since 
a few patients with Parkinson's disease experienced a parkinsonian crisis, i.e., a sudden marked 
clinical deterioration, when this medication was suddenly stopped. The dose of anticholinergic drugs 
or of SYMMETREL® should be reduced if atropine-like effects appear when these drugs are used 
concurrently. 


The dose of SYMMETREL® may need careful adjustment in patients with renal impairment, congestive 
heart failure, peripheral edema, or orthostatic hypotension. Since SYMMETREL® is not metabolized 
and is mainly excreted in the urine, it may accumulate when renal function is inadequate. 


Care should be exercised when administering SYMMETREL® to patients with liver disease, a history of 
recurrent eczematoid rash, or to patients with psychosis or severe psychoneurosis not controlled by 
chemotherapeutic agents. Careful observation is required when SYMMETREL® is administered 
concurrently with central nervous system stimulants. 


ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: depression, 
congestive heart failure, orthostatic hypotensive episodes, psychosis, and urinary retention. Rarely 
convulsions, leukopenia, and neutropenia have been reported. 


Other adverse reactions of a less serious nature which have been observed are the following: 
hallucinations, confusion, anxiety, and irritability; anorexia, nausea. and constipation; ataxia and 
dizziness (lightheadedness); livedo reticularis and peripheral edema. Adverse reactions observed less 
frequently are the following: vomiting; dry mouth: headache: dyspnea; fatigue, insomnia, and a sense 
of weakness. Infrequently, skin rash, slurred speech, and visual disturbances have been observed. 
Rarely eczematoid dermatitis and oculogyric episodes have been reported. 


OVERDOSAGE: There is no specific antidote. For acute overdosing, general supportive measures 
should be employed along with immediate gastric lavage or induction of emesis. Fluids should be 
forced, and if necessary, given intravenously. The pH of the urine has been reported to influence the 
excretion rate of SYMMETREL® Since the excretion rate of SYMMETREL® increases rapidly when the 
urine is acidic, the administration of urine acidifying fluids may increase the elimination of the drug 
from the body. The blood pressure, pulse, respiration and temperature should be monitored. The 
patient should be observed for hyperactivity and convulsions: if required, sedation, and 
anticonvulsant therapy should be administered. The patient should be observed for the possible 
development of arrhythmias and hypotension; if required, appropriate antiarrhythmic and 
antihypotensive therapy should be given. The blood electrolytes, urine pH and urinary output should 
be monitored. If there is no record of recent voiding, catheterization should be done. The possibility of 
multiple drug ingestion by the patient should be considered. 


DOSAGE AND ADMINISTRATION: Dosage for Parkinsonism: The usual dose of SYMMETREL® 
(amantadine hydrochloride) is 100 mg twice a day when used alone. SYMMETREL® has an onset of 
action usually within 48 hours. 


The initial dose of SYMMETREL® is 100 mg daily for patients with serious associated medical illnesses 
or who are receiving high doses of other antiparkinson drugs. After one to several weeks at 100 mg 
once daily, the dose may be increased to 100 mg twice daily, if necessary. 


Occasionally, patients whose responses are not optimal with SYMMETREL® at 200 mg daily may 
benefit from an increase up to 400 mg daily in divided doses. However, such patients should be 
supervised closely by their physicians. 


Patients initially deriving benefit from SYMMETREL* not uncommonly experience a fall-off of 
effectiveness after a few months. Benefit may be regained by increasing the dose to 300 mg daily. 
Alternatively, temporary discontinuation of SYMMETREL* for several weeks, followed by reinitiation 
of the drug, may result in regaining benefit in some patients. A decision to use other antiparkinson 
drugs may be necessary. 


Concomitant Therapy: Some patients who do not respond to anticholinergic antiparkinson drugs may 
respond to SYMMETREL*. When SYMMETREL® or anticholinergic antiparkinson drugs are each used 
with marginal benefit, concomitant use may produce additional benefit. 


When SYMMETREL® and levodopa are initiated concurrently, the patient can exhibit rapid therapeutic 
benefits. SYMMETREL® should be held constant at 100 mg daily or twice daily while the daily dose of 
levodopa is gradually increased to optimal benefit. 


When SYMMETREL?® is added to optimal well-tolerated doses of levodopa, additional benefit may 
result, including smoothing out the fluctuations in improvement which sometimes occur in patients 
on levodopa alone. Patients who require a reduction in their usual dose of levodopa because of 
development of side effects may possibly regain lost benefit with the addition of SYMMETREL® 


Dosage for Drug-induced Extrapyramidal Reactions: The usual dose of SYMMETREL® (amantadine 
hydrochloride) is 100 mg twice a day. Occasionally, patients whose responses are not optimal with 
SYMMETREL® at 200 mg daily may benefit from an increase up to 300 mg daily in divided doses. 


Dosage for Prophylaxis and Symptomatic Management of Influenza A Virus Respiratory Tract 
IlIness: Adult: The adult daily dosage of SYMMETREL® (amantadine hydrochloride) is 200 mg: two 
100 mg capsules (or four teaspoonfuls of syrup) as a single daily dose, or the daily dosage may be 
split into one capsule of 100 mg (or two teaspoonfuls of syrup) twice a day. If central nervous system 
effects develop on once-a-day dosage, a split dosage schedule may reduce such complaints. 


Children: 1 yr.-9 yrs. of age: The total daily dose should be calculated on the basis of 2 mg to 4 mg 
per pound of body weight per day (but not to exceed 150 mg per day). The daily dose, given as the 
syrup, should be given in two or three equal portions. 


9 yrs.-12 yrs. of age: The total daily dose is 200 mg given as one capsule of 100 mg (or two 
teaspoonfuls of syrup) twice a day. 


Prophylactic dosing should be started in anticipation of contact or as soon as possible after contact 
with individuals with influenza A virus respiratory illness. SYMMETREL® should be continued daily for 
at least 10 days following a known exposure. If SYMMETREL* is used chemoprophylactically in 
conjunction with inactivated influenza A virus vaccine until protective antibody responses develop, 
then it should be administered for 2 to 3 weeks after the vaccine has been given. When inactivated 
influenza A virus vaccine is unavailable or contraindicated, SYMMETREL® should be administered for 
up to 90 days in case of possible repeated and unknown exposures. Symptomatic management of 
influenza A virus illness should be started as soon as possible after onset of symptoms and should be 
continued for 24 to 48 hours after the disappearance of symptoms. 


HOW SUPPLIED: SYMMETREL® (amantadine hydrochloride) 


CAPSULES: (bottles of 100)-each red, soft gelatin capsule contains 100 mg amantadine 
hydrochloride. 


SYRUP: (1 pint)-each 5 ml (1 teaspoonful) of syrup contains 50 mg amantadine hydrochloride. 


Capsules manufactured by R.P. Scherer Corporation, Detroit, Michigan 48213 for 


€ndo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) xer 
Garden City, N.Y. 11530 
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Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, Iowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effective Jan 1, 1978, transmittal letters to the editor should 
contain the following language: “In consideration of the 
American Medical Association taking action in reviewing and 
editing my submission, the author(s) undersigned hereby trans- 
fers, assigns, or otherwise conveys all copyright ownership to 
the AMA in the event that such work is published by the AMA.” 
We regret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessi- 
tate delay in review of the manuscript. 


X 


Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 


Manuscript Preparation.-Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 em (8% x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.—Titles should be short, specifie, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academie 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 


Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. | 


References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author(s), (2) title, (3) journal name (as abbreviated in 
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Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, (6) 
publisher, and (7) year. Volume and edition numbers, 
specific pages, and name of translator should be included 
when appropriate. The author is responsible for the 
accuracy and completeness of the references and for their 
correct text citation. 

Metrication.— All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 em (6x7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author’s 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 

Legends.—Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents.-A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 

Acknowledgments.—Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher's 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 

Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 cm 
(814 x 11-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 






AUDITORY EVOKED POTENTIALS 


A workshop in the practical 
clinical applications of 
Electrocochleography 

and Brainstem Audiometry 


Sponsored by The Methodist Hospital and the Institute of 
Otorhinolaryngology and Communicative Disorders, The 
Neurosensory Center of Houston. 

November 4, 5, 6, 1978 

This three-day course is designed to familiarize the 
physician and audiologist with clinical applications of the 
“early” auditory evoked potentials. Background information 
on the "middle" and "late" potentials and on cochlear 
potentials is also included. The course relies heavily on 
tutorials and workshops to familiarize the participant with 
instrument operation, response measurement and interpre- 
tation of test results. 

A course syllabus will be distributed to each participant 
prior to enrollment. Each participant may also avail himself 
of an optional self-evaluation examination which will be 
scored and critiqued by the instructors. 









TWO POSTGRADUATE 
FELLOWSHIPS AVAILABLE 


Two fellowships are available in the Center for Physio- 
logic Neurosurgery from July 1, 1978. Experience in the 
medical and surgical management of chronic neurologic 
disorders such as dyskinesias, dystonia, cerebral palsy, 
epilepsy, multiple sclerosis, intractable pain, and spastic 
motor disorders will be offered. Practical experience in 
sophisticated neurophysiologic laboratory procedures for 
the assessment and quantification of the disorders and 
their responses to surgical therapy can be gained. 






























The Center is newly opened on a teaching campus in 
Westchester County, New York. It is well-equipped and in 
pleasant surroundings. Candidates should have at least two 
years experience of residency in Neurosurgery or Neurology. 
Salary is commensurate with experience and training to a 
maximum of $22,000 per annum. Single accommodations 
will be available on site and married accommodations are 
available locally. 















Applications should be sent to: 













Course Instructors: Alfred C. Coats, M.D. 
James F. Jerger, Ph.D. 
and Staff 
Tuition: $325.00 Enrollment limited 


Address inquiries to Alfred C. Coats, M.D., Cochlear Function 
Laboratory, The Neurosensory Center of Houston, 6516 Bertner 
Avenue, Houston, Texas 77030 






I.S. Cooper, M.D. 
Professor and Director 

Center for Physiologic Neurosurgery 
Westchester County Medical Center 
Valhalla, New York 10595 


Valhalla, New York 10595 e (914) 347-7195 
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Hexadrol^ 
dexamethasone, USP 


Decadron^* 
dexamethasone, USP 


Tablets 0.5 mg 
100's 
1000's 



























Tablets 0.5 mg 
30's 
500's 













Tablets 0.75 mg Tablets 0.75 mg 
100's 100's 
1000's 500's 


Tablets 1.5 mg 
50's 





Tablets 1.5 mg 
50's 





Tablets 4.0mg 
100's 









Tablets 4.0 mg 
50's 


*Based on wholesale price to retailer as listed in Drug Topics Red Book 1978. 


Economy...When You Need It, Hexadrol Has 


Organon Pharmaceuticals 
Organon) A Division of Organon Inc. 
West Orange, N.J. 07052 
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bmputerized transaxial tomography (CT scan) is an important new noninvasive technique 
at can help in determining the etiology of epileptic seizures. Shown here is a single slice 
m a color-enhanced CT scan of the brain of a patient with epilepsy. The absence of vascular 
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A proven way 
to start seizure control 


MYSOLI NE 


(pri midone) 2: 
A sinale entity with multiple 
anticonvulsant properties’ 


Primidone itself has anticonvulsant activity. In addition, its major metabolite, 
phenylethylmalonamide (PEMA), exerts an anticonvulsant effect of its own 
and also enhances the anticonvulsant action of the second metabolite, pheno- 
barbital. In patients refractory to phenytoin and phenobarbital, primidone 
may prove effective as the sole therapy.’ 





Multiple indications—grand mal, 
psychomotor, and focal epileptic seizures 


In grand mal, MYSOLINE is comparable i in efficacy to phenytoin and 
phenobarbital. 2:3 In psychomotor seizures, phenobarbital is rarely effective.’ 
In focal seizures, phenytoin used alone is not indicated*~ and, according to 
Forster, MYSOLINE is markedly more effective than phenobarbital, which 
should dispel the misconception that MYSOLINE is "just a Aic 
(See chart below.) 

















Agent Grand Mal Psychomotor Focal 
Efficacy ratings* Mysoline ++++ ++++ ++++ 
of anticonvulsants Rx FREE socie FS oi ERIS MES M 
1 z ydantoinates | 
in epilepsy (phenytoin) TRA +++ pep 
Barbiturates ras Es FS 


(phenobarbital) 








* Relative effectiveness. + +++ being most effective 
Adapted from Forster, F M.3 


Consider it first for major motor epilepsies 


MYSOLINE (primidone) 


See next page for Brief Summary and references. 
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Start seizure control with 
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MYSOLINE oimidone) 


Initial dose in children over 8 years of age 
and adults: 250 mg daily at bedtime 


BRIEF SUMMARY 

(For full prescribing information. see package circular.) 
MYSOLINE® 

Brand of PRIMIDONE Anticonvulsant 

ACTIONS: MYSOLINE raises electro- or chemo- 
shock seizure thresholds or alters seizure patterns in 
experimental animals. The mechanism(s) of 
primidone s antiepileptic action is not known. 


Primidone per se has anticonvulsant activity as do its 
two metabolites. phenobarbital and phenylethylmal- 
onamide (PEMA). In. addition to its anticonvulsant 
activity. PEMA potentiates that of phenobarbital in 
experimental animals. 


INDICATIONS: MYSOLINE. either alone or used 
concomitantly with other anticonvulsants, is indicated 
in the control of grand mal. psychomotor. and focal 
epileptic seizures. It may control grand mal seizures 
refractory to other anticonvulsant therapy. 
CONTRAINDICATIONS: Primidone is contraindi- 
cated in: 1) patients with porphyria and 2) patients who 
are hypersensitive to phenobarbital (see ACTIONS). 
WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes 
several weeks before it can be assessed. 


Usage in pregnancy: The effects of MYSOLINE in 


substantial quantities. Since tests for the presence of 
primidone in biological fluids are too complex to be 
carried out in the average clinical laboratory. it is 
suggested that the presence of undue somnolence and 
drowsiness in nursing newborns of MYSOLINE- 
treated mothers be taken as an indication that nursing 
should be discontinued. : 


ADVERSE REACTIONS: The most frequently oc- 
curring early side effects are ataxia and vertigo. These 
tend to disappear with continued therapy. or with re- 
duction of initial dosage. Occasionally. the following 
have been reported: nausea. anorexia, vomiting. 
fatigue. hyperirritability; emotional disturbances. sex- 
ual impotency. diplopia. nystagmus. drowsiness. and 
morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the 
drug. Megaloblastic anemia may occur as a rare 
idiosyncrasy to MYSOLINE and to other anticonvul- 
sants. The anemia responds to folic acid without neces- 
sity of discontinuing medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 g per day. The initial dose is 
250 mg. Increments of 250 mg are added. usually at 
weekly intervals, to tolerance. or therapeutic effective- 
ness. up to daily doses not exceeding 2.0 g. A typical 
dosage schedule for the introduction of MYSOLINE is 
as follows: 


Adults and Children Over 8 Years of Age 


human pregnancy and nursing infants are unknown. 


Recent reports suggest an association between the use 
of anticonvulsant drugs by women with epilepsy and 











2nd Week 
250 mg b.i.d. 


1st Week 
250 mg daily at bedtime 


an elevated incidence of birth defects in children born 
to these women. Data are more extensive with respect 
to diphenylhydantoin and phenobarbital. but these are 
also the most commonly prescribed anticonvulsants; 
less systematic or anecdotal reports suggest a possible 
similar association with the use of all known anticon- 
vulsant drugs. 


The reports suggesting an elevated incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodologic problems in obtaining adequate data on 
drug teratogenicity in humans; the possibility also 
exists that other factors. e.g.. genetic factors or the 
epileptic condition itself. may be more important than 
drug therapy in leading to birth defects. The great 
majority of mothers on anticonvulsant medication de- 
liver normal infants. It is important to note that anticon- 
vulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major sei- 
zures because of the strong possibility of precipitating 
status epilepticus with attendant hypoxia and threat to 
life. In individual cases where the severity and fre- 
quency of the seizure disorder are such that the re- 
moval of medication does not pose a serious threat to 
the patient. discontinuation of the drug may be consid- 
ered prior to and during pregnancy. although it cannot 
be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or 
fetus. 


The prescribing physician will wish to weigh these con- 
siderations in treating or counseling epileptic women of 
childbearing potential. 


Neonatal hemorrhage. with a coagulation defect re- 
sembling vitamin K deficiency, has been described in 
newborns whose mothers were taking primidone and 
other anticonvulsants. Pregnant women under anti- 
convulsant therapy should receive prophylactic vita- 
min K, therapy for one month prior to, and during. 
delivery. 

PRECAUTIONS: The total daily dosage should not 
exceed 2 g. Since MYSOLINE therapy generally ex- 
tends over prolonged periods, a complete blood count 
and a sequential multiple analysis-12 (SMA-12) test 
should be made every six months. 


In nursing mothers: There is evidence thatin mothers 
treated with primidone. the drug appears in the milk in 





In children under 8 years of age. maintenance levels 
are established by a similar schedule. but at one-half 
the adult dosage. It is best to begin with 125 mg. with 
gradual weekly increases of 125 mg a day. to a daily 
total usually between 500 mg and 750 mg. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage 
of the other drug(s) is maintained or gradually de- 
creased. This regimen should be continued until satis- 
factory dosage level is achieved for combination, or the 
other medication is completely withdrawn. When 
therapy with this product alone is the objective, the 
transition should not be completed in less than two 
weeks. 


MYSOLINE 50 mg Tablet can be used to practical 
advantage when small fractional adjustments (upward 
or downward) may be required. as in the following 
circumstances: for initiation of combination therapy: 
during “transfer” therapy: for added protection in 
periods of stress or stressful situations that are likely to 
precipitate seizures (menstruation, allergic episodes. 
holidays, etc.). 


HOW SUPPLIED: MYSOLINE Tablets—No. 430 
—Each tablet contains 250 mg of primidone (scored), 
in bottles of 100 and 1,000. Also in unit dose package 
of 100. No. 431—Each tablet contains 50 mg of 
primidone (scored), in bottles of 100 and 500. 
MYSOLINE Suspension—No. 3850—Each 5 ml 
(teaspoonful ) contains 250 mg of primidone, in bottles 
of 8 fluidounces. 


References: 1. Woodbury. D. M.. and Fingl. E.. in 
Goodman, L. S.. and Gilman, A. (eds.): The Phar- 
macological Basis of Therapeutics, ed. 5, New York, 
Macmillan Publishing Co.. Inc.. 1975. p. 222. 
2. Rodin, E., in Conn, H. E (ed.): Current Therapy 
1977. Philadelphia, W. B. Saunders Company. 1977. 
p. 716. 3. Forster. F M.: Med. Clin. North Am. 47:1579 
(Nov.) 1970. 4. Physicians Desk Reference. ed. 31, 
Oradell, N.J., Medical Economics Co., 1977. p. 1175. 
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What happened 
- in medicine 
this week that 
could affect 
your practice? 









You'd know, 
if you read 

American 

Medical News 














What is the status of national health 
insurance legislation? What new 
regulations are being promulgated by the 
federal agencies? What's the latest on 
physician advertising? 


This is the kind of news you need to 
know, because what's happening today 
» could affect the way you practice 
| medicine in the future. 


And when it comes to the news in 
medicine, no other publication can match 
American Medical News in timely, 
comprehensive coverage. It's the 

national newspaper of medicine. 


Its staff of professional reporters is 
always where the news is being 

made. . .monitoring. . .analyzing. . .and 
reporting back to you on the latest news 
and trends in medicine. 


Give American Medical News just 30 
minutes a week; it will give you all the 
news you need to know on what's 
happening in the practice of medicine. 


Keeping your finger 
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The practical < 
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antidepressant 
therapy 
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Divide scored Endep tablets 


Add flexibility 





to dosage titration 


Long term treatment of depression with amitriptyline 
requires precise calculation of dosage to meet the individual 
needs of each patient. Because all six strengths of Endep 

are scored, you can easily increase or decrease dosage in half- 
tablet steps, without the bother and expense of a new 


prescription. 


Xe 
Subtract waste and cost 
Scored Endep tablets permit you to adjust the regimen 


without wasting unused tablets or burdening the patient 
with the cost of a new prescription. 


X 


Multiply therapeutic options 


The pharmacokinetic properties of Endep are such that its 
clinical effect is the same whether prescribed t.i.d. or asa 
single daily dose. Thus, once you have established the proper 
dosage, you can prescribe the entire dose h.s., minimizing 


anticholinergic and sedative 
assure patient compliance w 
By prescribing the hi 


side effects, and helping to 
ith this simple regimen. 
gher strength tablets h.s. — 


secure in the knowledge that the dosage can be adjusted 


without resorting to a new prescription —your patient will 


economize further on a per milligram basis. 


Endep 


amitriptyline 
The only antid 
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epressant scored 


for easy division 
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Endep 
amitriptyline HCl/Roche 


Before prescribing, please consult complete 
roduct information, a summary of which 
ollows: 

Contraindications: Known hypersensitivity. 

Do not use with monoamine oxidase (MAO) 

inhibitors or within at least 14 days following 

discontinuation of MAO inhibitors since 
hyperpyretic crises, severe convulsions and 
deaths have occurred with concomitant use; 
then initiate cautiously, gradually increasing 
dosage until optimal response is achieved. Use 
not recommended during acute recovery phase 
after myocardial infarction. 

Warnings: May block action of guanethidine 

or similar antihypertensives. Use with caution 

in patients with history of seizures, urinary 
retention, angle-closure glaucoma, increased 
intraocular pressure. Closely supervise cardio- 
vascular patients, hyperthyroid patients and 
those receiving thyroid medications. (Arrhyth- 
mias, sinus tachycardia and prolongation 

of conduction time reported with use of tri- 

cyclic antidepressants, including amitriptyline 

HCl, PEAN yi in high doses. Myocardial in- 

farction and stroke reported with use of this 

class of drugs.) May impair alertness; warn 

against hazardous occupations or driving a 

motor vehicle during therapy. Weigh possible 

benefits against hazards during pregnancy, 
the nursing period and in women of child. 
bearing potential. Not recommended in chil- 

dren under 12. 

Precautions: May exaggerate symptoms in 

schizophrenic and paranoid patients, or shift 

manic-depressives to manic stage; reduce dose 
or administer major tranquilizer concomi- 
tantly. Close supervision and careful dose 
adjustments required when given with anti- 
cholinergic or sympathomimetic agents, Exer- 
cise Care in patients receiving large doses of 
ethchlorvynol; transient delirium reported 
with concomitant administration. May en- 
hance effects of alcohol, barbiturates and other 

CNS depressants. Because of the possibility of 

suicide in depressed patients, do not permit 

easy access to large drug quantities in these 
patients. Because it may increase hazards of 
electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue 
drug several days before elective surgery. Both 
elevation and lowering of blood sugar levels 
have been reported. 

Adverse Reactions: Note: This list includes a 

few adverse reactions not reported with this 

specific drug but requiring consideration 
because of similarities of tricyclic antidepres- 
sants. Cardiovascular: Hypotension, hyper- 
tension, tachycardia, palpitation, myocardial 
infarction, arrhythmias, heart block, stroke. 

CNS and Neuromuscular: Confusional states; 

disturbed concentration; disorientation; de- 

lusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, 
tingling and paresthesias of the extremities; 
peripheral neuropathy; incoordination; ataxia; 
tremors; seizures; alteration in EEG patterns; 
extrapyramidal symptoms; tinnitus. Anti- 
cholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, 
paralytic ileus, urinary retention, dilatation of 
urinary tract. Allergic: Skin rash, urticaria, 
photosensitization, edema of face and tongue. 

Hematologic: Bone marrow depression includ- 

ing agranulocytosis, eosinophilia, purpura, 

thrombocytopenia. Gastrointestinal: Nausea, 
epigastric distress, vomiting, anorexia, stoma- 
titis, peculiar taste, diarrhea, parotid swelling, 
black tongue. Endocrine: Testicular swelling 
and gynecomastia in the male, breast enlarge- 
ment and galactorrhea in the female, increased 
or decreased libido, elevation and lowering of 
blood sugar levels. Other: Dizziness, weak- 
ness, fatigue, headache, weight gain or loss, 

RACE Aue peiepiracidh: urinary frequency, 

mydriasis, drowsiness, jaundice, alopecia. 

Withdrawal Symptoms: Abrupt cessation of 

treatment after prolonged administration may 

produce nausea, headache and malaise. These 
are not indicative of addiction. 

Supplied: Scored Tablets: 10, 25, 50, 75, 100, 

150 mg. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Not if hes taking 
Cylert (pemoline) (v 








Children can be cruel. Their teasing about taking noontime 
medication can cause serious problems for the child with MBD. 


Here's how Cylert eliminates this problem: 


e Once a day dosage at home 
e Eliminates mid-day school dose 


In addition, Cylert offers these benefits: 


e Avoids ups and downs of drug action brought about by 
multiple daily dosage 


e Control of medication by the parent 

e A chewable dosage form 

e Less physician paper work (Cylert is in schedule IV) 

e Safety and efficacy proven in extensive clinical studies* 


*Copy of the Cylert Monograph available to Physicians on written request. 


When not to use medication 


Cylert should not be used for (and will not ^ disorders, including psychosis. 
be effective in) simple cases of overactivity 


issellocace cidh: The physician should rely on a complete 


history of the child and a thorough descrip- 


Neither should it be used in the child who tion of symptoms from both parents and 
exhibits symptoms secondary to environ- teacher before postulating a diagnosis 
mental factors and/or primary psychiatric of MBD. 8083261 


C) Please see next page for Prescribing Information. 





Cylert and Cylert Chewable Tablets 
(pemoline) 
Prescribing Information € 


Indications: MINIMAL BRAIN DYSFUNCTION IN CHILDREN —as 
adjunctive therapy to other remedial measures (psychological, educational, 
social). 

Special Diagnostic Considerations: The cause of minimal brain dysfunction 
(MBD) is unknown. Diagnosis of MBD involves the use of medical, 
psychological, educational, and social tools, since no single diagnostic test is 
adequate. 

MBD is characterized by chronic moderate to severe hyperactivity, short 
attention span, distractibility, emotional lability, and impulsivity. 
Nonlocalizing (soft) neurological signs, learning disability, and abnormal 
EEG may or may not be present. The diagnosis of MBD must be based upon 
a complete history and evaluation of the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all children with MBD. In the primary 
therapy of MBD, appropriate educational placement is essential and 
psychosocial intervention is generally necessary. When these measures alone 
are insufficient, the decision to prescribe stimulant medication will depend 
upon the physician’s assessment of the chronicity and severity of the child’s 
symptoms. Stimulants are not intended for use in the child who exhibits 
Symptoms secondary to environmental factors and/or primary psychiatric 
disorders, including psychosis. 


Contraindications: Cylert (pemoline) is contraindicated in patients with 
known hypersensitivity or idiosyncrasy to the drug. (See ADVERSE 
REACTIONS.) 


Warnings: Cylert is not recommended for children less than 6 years of age 
since its safety and efficacy in this age group have not been established. 

Sufficient data on the safety and the efficacy of the long-term use of Cylert 
in children with minimal brain dysfunction are not yet available. 

A temporary suppression of the predicted growth rate (weight and/or 
height gain) has been reported for children receiving long-term stimulant 
therapy. A definite causal relationship between stimulant drugs and this 
finding has not been established. 


Precautions: Liver function tests should be performed periodically during 
therapy with Cylert. The drug should be discontinued if abnormalities are 
revealed and confirmed by follow-up tests. (See ADVERSE REACTIONS 
regarding reports of abnormal liver function tests and jaundice.) 

Cylert should be administered with caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs has not been studied in humans. 
Patients who are receiving Cylert concurrently with other drugs, especially 
drugs with CNS activity, should be monitored carefully. 

Cylert failed to demonstrate a potential for self-administration in primates. 
However, the pharmacologic similarity of pemoline to other 
psychostimulants with known dependence liability suggests that 
psychological and/or physical dependence might also occur with Cylert. 
There have been isolated reports of transient psychotic symptoms occurring 
in adults following the long-term misuse of excessive oral doses of pemoline. 
Cylert should be given with caution to emotionally unstable patients who 
may increase the dosage on their own initiative. 

Usage during Pregnancy and Lactation: The safety of Cylert (pemoline) for 
use during pregnancy and lactation has not been established. 

Fertility, reproduction, and teratology studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 mg./kg./day, had no effect on the 
fertility of male or female rats. The drug, when given to pregnant rats (from 
gestation day 15 through weaning) and to rabbits (from gestation days 6-18) 
at these same dosage levels, produced no teratogenic or embryotoxic effects, 
and had no effect on the viability of the young at birth. However, increased 
incidences of stillbirths and cannibalization were observed when pemoline 
was given to rats al these dosage levels, beginning 14 days prior to conception. 


Adverse Reactions: Insomnia is the most frequently reported side effect of 
Cylert; it usually occurs early in therapy, prior to an optimum therapeutic 
response. In the majority of cases it is transient in nature or responds to a 
reduction in dosage. 

Anorexia with weight loss may occur during the first weeks of therapy. In 
the majority of cases it is transient in nature; weight gain usually resumes 
within three to six months. 

Stomach ache, skin rashes, increased irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum LDH have occurred in patients 
taking Cylert, usually after several months of therapy. These effects appear to 
be reversible upon withdrawal of the drug, and are thought to be 
manifestations of a delayed hypersensitivity reaction. There have also been a 
few reports of jaundice occurring in patients taking Cylert; a causal 
relationship between the drug and this clinical finding has not been 
established. 

There have been reports of dyskinetic movements of the lips, face, and 
extremities occurring with the use of Cylert. Convulsive seizures have also 
been reported. A definite causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early during the course of treatment with 
Cylert often remit with continuing therapy. If adverse reactions are of a 
significant or protracted nature, dosage should be reduced or the drug 
discontinued. 


How Supplied: Cylert (pemoline) is supplied as monogrammed, grooved 
tablets in three dosage strengths: 
18.75 mg. tablets (white) in bottles of 100 (NDC 0074-6025-13) 
37.5 mg. tablets (orange-colored) in bottles of 100 (NDC 0074-6057-13) 
75 mg. tablets (tan-colored) in bottles of 100 (NDC 0074-6073-13) 
Cylert Chewable is supplied as monogrammed, grooved tablets in one 


dosage strength: 
37.5 mg. tablets (orange-colored) c 
in bottles of 100 (NDC 0074-6088-13) 





There when it’s 


needed! 


Today's lightest mobile 
system now records the most 
accurate signal. 


Mark III is the mobile lightweight that's heavily loaded 
with the right features—the ones you've always 
wanted in an EEG instrument. 


For example, Mark Ill's servo pen achieves the highest 
level of fidelity. It's the only one that can sweep over 
40mm without distortion. 


Mark Il has a Preselector Override that let's you 
bypass the preselected program on any channel with 
the flip of a switch. 


Mark Ill has a built-in Balance Run that lets you check 
out the recording accuracy of all channels by simulat- 
ing a brain-wave signal. 

The Mark Ill does all this and more in a compact, 
modular 65 Ib. unit that's outstanding for its ease of 
operation and low noise. 

For all the facts, phone toll-free, or write Hittman 
Medcraft. 
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Hittman Medcraft, Box 542, Skippack, PA 19474. 
Phone 800-523-1946. In PA Phone (215) 584-6825. 
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Special Article 


Hemifacial Spasm 


A Vascular Cause 


Joseph C. Maroon, MD 


€ A review of the literature as well as 
recent surgical observations indicate that 
hemifacial spasm may be caused by 
normal or pathological vascular struc- 
tures that cross-compress the facial 
nerve. The critical area of compression is 
invariably found at the brain stem exit 
zone of the seventh cranial nerve. In this 
area the central glial investment of the 
facial nerve changes to peripheral or 
schwannian myelin. It is suspected that 
this anatomical junction zone may be of 
pathophysiologic significance when di- 
rectly compressed or irritated. A retro- 
mastoid craniectomy and vascular de- 
compression operation is highly success- 
ful in relieving hemifacial spasm while at 
the same time preserving facial nerve 
function. This is in contrast to most com- 
monly used destructive operations for 
hemifacial spasm. Microsurgical tech- 
niques, however, must be employed or 
high morbidity and mortality may occur 
from the retromastoid approach. 

(Arch Neurol 35:481-483, 1978) 


emifacial spasm (HFS) is a 
benign but distressing move- 
ment disorder characterized by the 
insidious or subacute onset of involun- 
tary paroxysmal clonic contractions or 
twitches of the face. The spasms 
usually begin in the orbicularis oculi 
muscle and slowly progress to adja- 
cent muscles until the entire muscula- 
ture innervated by the facial nerve is 
involved. It is a disease of middle age 
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and older, affecting predominantly 
women; it is unilateral, may persist in 
sleep, and is usually aggravated by 
emotional stress. Spontaneous remis- 
sions may occur but are rare. The 
spasms cannot be stopped willfully 
and may be increased by light, cold, 
chewing, and speaking. Due to the 
predominant contraction of the orbi- 
cularis and zygomatic muscles, pa- 
tients often appear to have a whim- 
pering and at times sinister smile. 
Most patients have no additional 
neurological findings with the excep- 
tion of occasional facial weakness, 
usually of a slight degree, that may be 
more related to synkinesis. Treatment 
is usually sought from the neurologist, 
otologist, neurosurgeon, and psychia- 
trist. 

Hemifacial spasm must be clinically 
differentiated from blepharospasm 
and also the synkinesis that occurs 
following Bell’s palsy. Blepharospasm 
is always bilateral, affecting primari- 
ly the periorbital muscles, and may 
result in functional blindness.' Hemi- 
facial synkinetic movements may de- 
velop in a small percentage of patients 
with severe Bell’s palsy, but the 
history differentiates this from hemi- 
facial spasm. 

Another possible area of confusion 
is the diagnosis “facial myokymia.” In 
1902, Bernhardt? used this term to 
describe a clinical syndrome identical 
to HFS. Subsequent authors, however, 
have used “facial myokymia” as the 
descriptive term for HFS occurring in 
patients with multiple sclerosis.* In all 
of these latter-reported cases, how- 


ever, additional progressive neurolog- 
ical findings were observed. For prac- 
tical purposes, the terms facial myo- 
kymia and HFS have been used 
synonymously in the medical litera- 
ture, but HFS as presently defined is 
not associated with progressive neuro- 
logical loss. 

Although on rare occasions mass 
lesions in the posterior fossa have 
been associated with HFS, until 
recently the majority of cases have 
been considered to be “idiopathic” or 
“eryptogenic.” Hypotheses as to eti- 
ology, however, are not lacking. Sim- 
ply stated, the three main theories are 
as follows: (1) The neurological hypo- 
thesis affirms that the pathological 
process (of unspecified type) lies 
either in the facial nerve nucleus or 
the nerve itself proximal to the stylo- 
mastoid foramen since the condition is 
unaffected by a stroke, and symptoms 
recur following nerve transection and 
regeneration distal to the foramen.*^? 
(2) The otological theory postulates 
that the causative lesion (again of 
undetermined type) is edema or 
constriction of the facial nerve in its 
course through the temporal bone.** 
(3|) The neurosurgical hypothesis 
states that the syndrome is usually 
due to mechanical compression-distor- 
tion of the facial nerve*''—usually at 
the root entry zone'^'"—by vascular 
structures of either normal or patho- 
logical type and is rarely due to mass 
lesions. Our recent surgical experience 
with the treatment of HFS prompted 
a review of the reported vascular 
causes of hemifacial spasm. 
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Hemifacial Spasm Due to Vascular Compression of the Facial Nerve* 
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Elongation of normal VA or BA 
Elongated VA 


14 13 elongated or tortuous loops of VBA, 1 fusiform 


aneurysm, BA 


Vascular cross-compression by normal blood vessels 
Vascular cross-compression by normal blood vessels 


1 aa aneurysm, BA; 3 redundant ectatic VA 


yk y; cross-compression by normal or ectatic AICA, PICA, or 


Surgery 








Angiography 
Angiography 
Angiography 
Surgery 


Surgery 
Surgery 





*LVA indicates left vertebral artery; VA, vertebral artery; BA, basilar artery; AICA, anterior inferior cerebellar artery; IAC, internal auditory artery; VBA, 
vertebral basilar artery; Ac A, aortic artery; AICA, anterior inferior cerebellar artery; PICA, posterior inferior cerebellar artery; AVMs, arteriovenous 
malformations. 


FINDINGS IN THE LITERATURE 

In 1875, Schultze’ published the 
first autopsy case of a patient with 
typical HFS caused by a "cherry- 
sized" vertebral artery aneurysm 
compressing the seventh nerve. Thir- 
teen years later, Gowers’ in his classic 
description of HFS emphasized the 
causative role of mechanical pressure. 
Others have observed HFS in patients 
with acoustic neurinomas, meningio- 
mas, and cholestatomas,'*'" but Ehni 
and Woltman' and Wartenberg? in 
their monographs on HFS commented 
that such gross organic lesions are so 
rare as to be negligible, although 
these authors offered no better expla- 
nation. 

In 1947, Campbell and Keedy" 
operated on two patients with tic 
douloureux and associated HFS and 
found large cirsoid aneurysms of the 
basilar artery as the cause of both 
conditions. Laine and Nayrae,* in 
1948, found the same abnormality in a 
patient with isolated HFS. 

It was Gardner and Sava,’ however, 
in 1962, who emphasized the vascular 
origin of pathological as well as 
normal aberrant or tortuous blood 
vessels in the etiology of HFS. With 
the greater use of posterior fossa 
angiography, isolated reports of fusi- 
form aneurysms and elongated and 
tortuous vertebral and basilar arteries 
with associated HFS have appeared'* 
*4 (Table). Still, in most patients with 
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HFS, an aneurysm, tumor, or angio- 
graphically discernible ectatic arterial 
loop are not present. 

In 1970, stimulated by the observa- 
tions of Gardner and Sava‘ and their 
own work on the etiology and the 
treatment of tic douloureux, Jannetta 
et al^ postulated that in those cases 
without obvious angiographic abnor- 
malities, HFS might still be caused by 
ectatie or tortuous loops of normal 
vessels cross-compressing the seventh 
nerve at the brain stem level. In the 
last seven years, using the oper- 
ating microscope and microdissecting 
techniques to enter an anatomical 
area formerly associated with high 
morbidity, he and his associates have 
treated approximately 150 patients by 
moving normal or ectatic vessels from 
their compression points on the sev- 
enth nerve or its root exit zone area, 
with generally excellent results and 
no mortality.'^?»?* Ipsilateral hearing 
loss, temporary facial weakness, and 
gait ataxia have been the main opera- 
tive complications.** 

I myself have assisted in or 
performed approximately ten of these 
vascular decompressive operations, 
and in each case the offending vessel 
was compressing the facial nerve 
precisely at its junction with the brain 
stem. These observations on vascular 
eross-compression of the seventh 
nerve in patients with HFS have 
recently been confirmed by other 


surgeons who have also mobilized 
vessels with excellent therapeutic 
results? (J. Hardy, MD, written com- 
munication, June 9-11, 1977). 

The remarkable fact remains not 
that mechanical vascular compression 
is the primary cause of HFS—as 
Gardner and Sava* stated, "only a 
confirmed skeptic witnessing the op- 
eration would question this" —rather, 
it is the relatively rare occurrence of 
this condition. There is abundant 
evidence that nerves may be de- 
formed, stretched, and compressed 
without signs of disordered function. 
Indeed, in his review of the neurovas- 
cular relationships at the base of the 
brain in 210 autopsy subjects, Sunder- 
land”: found 27 instances of pontome- 
dullary deformation by a tortuous 
vertebral artery at the site of origin of 
the seventh nerve. Unfortunately, 
clinicopathological correlation was not 
obtained. Similar observations, how- 
ever, have been made by Sacks and 
Lindenburg.** 


PATHOPHYSIOLOGY 


Exactly why mechanical pressure 
should cause abnormal facial hyperac- 
tivity and synkinesis in some patients 
and not others remains a pathophysio- 
logical uncertainty. Gardner and 
Sava^ summarized various theories 
and postulated "a squeezing together 
of nerve fibers" with a reduction in 
the thickness of myelin and subse- 
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quent transaxonal “short circuiting” 
of the action potential. Support for 
this theory also comes from Granit et 
al? They were able to produce an 
“artificial synapse” between afferent 
and efferent fibers by placing a liga- 
ture about the sciatic nerve, gently 
enough not to interrupt the passage of 
the nerve impulse. They then were 
able to abolish this transaxonal 
response by removing a ligature and 
irrigating the compressed portion 
with Ringer’s solution. 

More recently, Howe et al" have 
added further physiological support 
for this hypothesis. In a series of 
animals, focal demyelination was pro- 
duced by placing a chromic suture into 
the sural nerve or into the intradural 
lumbar dorsal root. Subsequent elec- 
trophysiologic studies showed re- 
flected action potentials at the site of 
chronic injury. In such cases, Howe et 
al found that a single spike from the 
periphery might set up a reverbera- 
tion that would result in a high- 
frequency burst of spikes arriving at 
the central terminals. 

From surgical and autopsy observa- 
tions, the point at which irritative 
lesions are most likely to produce 
disordered nerve function is at the 
brain stem-seventh nerve exit zone. In 
this area, there is an anatomically 
discernible junction between the thin- 
ner central (glial) myelin and the 
thicker peripheral (schwannian) my- 
elin. This area may have a lower phys- 
iological threshold to mechanical de- 
formation and pressure that could 
more easily interfere with axonal 
metabolism and transport and thus 
cause a hyperirritable condition. Fur- 
ther pathophysiological studies, how- 
ever, are clearly needed. 


COMMENT 


These pathological, radiological, 
surgical, and physiological observa- 
tions corroborate the hypothesis that 
HFS can no longer be considered cryp- 
togenic or idiopathic. Rather, the 
etiology is probably related to a patho- 
physiological interference with nor- 
mal seventh nerve conduction by 
compressive forces—in most cases by 
aberrant or tortuous normal vessels 
and rarely by aneurysms, arteriove- 
nous malformations, or tumors. 
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Heretofore, virtually all attempts at 
treatment of this condition have 
involved destructive procedures on the 
peripheral nerve. These have included 
freezing, local anesthetic or alcohol 
injection, decompression in the tem- 
poral bone, neurolysis, stretching, 
avulsion, transection with immediate 
resuture, anastomosing with another 
motor cranial nerve, and various 
forms of neurectomies.;^?* In addi- 
tion, tranquilizers are administered, 
sometimes in toxic doses, and when all 
fails, psychiatrie counseling is usually 
advised. Although these destructive 
peripheral procedures may result in 
temporary relief, the most definitive 
treatment would appear to be removal 
of the offending structure, usually of 
a vascular nature, from the seventh 
nerve. It is stressed that the retromas- 
toid craniectomy approach to the 
seventh nerve should only be done 
with microdissecting techniques and 
the use of the operating microscope; 
without these adjuncts, unacceptable 
morbidity and mortality occur. 
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Internuclear Ophthalmoplegia 


I. Saecades and Dissociated Nystagmus 


Robert W. Baloh, MD; Robert D. Yee, MD; Vincente Honrubia, MD 


è Saccades (horizontal and vertical) 
and dissociated nystagmus were quanti- 
tatively assessed in four patients with 
internuclear ophthalmoplegia. Two pa- 
tients had bilateral medial longitudinal 
fasciculus (MLF) lesions associated with 
multiple sclerosis and two had unilateral 
lesions associated with brain stem vascu- 
lar disease. 

Adducting saccades made on the side 
of an MLF lesion were slowed in each 
patient (P — .01). At the same time, 
abducting saccades in the contralateral 
eye had normal velocity, but consistently 
overshot the target. After the overshoot, 
the eye returned to the target with an 
exponentially decaying course. With large 
angular deviations (usually more than 
15°), the abducting eye developed nystag- 
mus characterized by slow components 
that moved toward the midposition with an 
initially high velocity followed by a 
segment of slower velocity. The adducting 
eye had either no nystagmus or a low- 
amplitude nystagmus characterized by a 
rounded junction between the fast and 
slow component. The saccade abnormali- 
ties and waveform of the dissociated 
nystagmus can be explained by a pulse- 
step mismatch at the agonist motoneu- 
rons. 

(Arch Neurol 35:484-489, 1978) 


he role of the medial longitudinal 

fasciculus (MLF) in the produc- 
tion of eye movements has received 
extensive study since the clinical 
syndrome of internuclear ophthalmo- 
plegia was first recognized in the late 
19th century. The syndrome is mani- 
fested by impaired adduction on the 
side of the MLF lesion and dissociated 
nystagmus of the contralateral ab- 


ducting eye (MLF nystagmus). De- 
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spite the large amount of clinical data 
that has accumulated, the exact role of 
the MLF in the production of differ- 
ent types of eye movements is still 
unclear. Recent studies in animals 
suggest that the MLF not only is 
important for horizontal eye move- 
ments but also plays a role in the 
production of vertical eye move- 
ments.’ In addition, these studies 
indicate that the MLF might partici- 
pate more in the generation of verti- 
cal vestibulo-ocular responses (VOR) 
than in horizontal VOR. To our knowl- 
edge, previous studies of MLF lesions 
in humans have not quantitatively 
investigated horizontal and vertical 
eye movement systems. 

In this study, four patients with 
MLF lesions were selected for de- 
tailed quantitative study of their hori- 
zontal and vertical eye movements. 
Precise visual and vestibular inputs 
were used to induce eye movements 
that were recorded with electrooculog- 
raphy (EOG). In this article, we 
describe features of dissociated nys- 
tagmus and saccadic eye movements 
common to all four patients. The 
second part of this report (see p 490) 
investigates the role of the MLF in 
the production of pursuit, optokinetic, 
and vestibular-induced eye move- 
ments. 

REPORT OF CASES 


All of the patients studied had unequivo- 
cal clinical features of bilateral or unilater- 
al internuclear ophthalmoplegia and no 
noteworthy signs of other eye movement 
abnormalities. Because of the multifocal or 
diffuse character of demyelinating and 
ischemic diseases in these patients, one 
cannot be certain that the only lesions 
affecting eye movements were in the MLF 
and that other lesions in the brain stem 
and cerebellum influencing eye movements 
were not present. However, none of the 
patients had clinical evidence of eye move- 
ment abnormalities characteristic of cere- 
bellar, nuclear, or horizontal gaze center 
lesions. 


Case 1.—A 46-year-old man with relaps- 
ing neurologic symptoms and signs since 
the age of 25 years had bilateral MLF 
nystagmus first noted four years prior to 
testing. The CSF y-globulin level was 
considerably elevated, and the diagnosis of 
multiple sclerosis (MS) was made. Cranial 
nerve examination at the time of testing 
indicated bilateral MLF nystagmus and 
conjugate vertical nystagmus on upward 
and downward gaze (upbeat and downbeat, 
respectively). Adduction was present in 
both eyes, but was limited to 25° in the left 
eye and 30° in the right eye. Visual acuity 
was 20/15 OU, and convergence was 
normal. This patient also had severe spas- 
tic paraparesis, bilateral extensor plantar 
responses, mild weakness of the upper 
extremities but normal coordination, dif- 
fuse hyperreflexia, decreased vibration 
and position sense in the lower extremities, 
and decreased pinprick sensation below the 
midthoracic region. 

This patient with well-documented MS 
had bilateral MLF lesions without other 
cranial nerve findings or signs of cerebel- 
lar involvement. 

CasE 2.-A 38-year-old woman with 
numerous remissions and exacerbations of 
neurologic symptoms and signs since the 
age of 25 years had had bilateral MLF 
nystagmus first noted eight years prior to 
testing. The CSF y-globulin level was 
elevated on several occasions, and the diag- 
nosis of MS was considered definite. Cra- 
nial nerve examination at the time of 
testing showed bilateral MLF nystagmus 
and conjugate vertical nystagmus (upbeat) 
on upward gaze. Adduction was only mildly 
impaired in each eye. Visual acuity was 20/ 
50 OD and 20/30 OS, and there was mild 
disk pallor bilaterally (more noticeable in 
the right eye than in the left). Convergence 
was normal. The remaining findings from 
the cranial nerve examination were unre- 
markable. Other findings on neurologic 
examination included an ataxic, broad- 
based gait; a mild spastic quadraparesis; 
bilateral extensor plantar responses; dif- 
fuse hyperreflexia; mild incoordination of 
the upper extremities; and absent vibra- 
tion and position senses. 

This patient with typical MS had bilater- 
al MLF lesions, mild decreased visual acui- 
ty resulting from optic neuritis and defi- 
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nite, though mild, cerebellar involvement. 
CasE 3.—A 72-year-old man awoke with 
the acute onset of dizziness and horizontal 
diplopia. The dizziness was followed by 
severe nausea and vomiting, and he was 
unable to stand without falling. Approxi- 
mately three weeks prior to this episode, he 
had had a brief period of dizziness and 
confusion. Findings from examination and 
results of laboratory studies were consist- 
ent with infarction in the right side of the 
pons, and his symptoms completely remit- 
ted during a two-week hospitalization. 
Neurologic findings at the time of quanti- 
tative eye-movement testing (performed 
two weeks after discharge and four weeks 
after the onset of symptoms) were MLF 
nystagmus with gaze to the left, limitation 
of adduction of the right eye to 10°, conju- 
gate vertical nystagmus on upward gaze 
(upbeat), mild right central facial weak- 
ness, bilateral extensor plantar responses, 
and ataxia and dysmetria of the left 
extremities (more so in the lower than in 
the upper extremities). Convergence was 
normal. Visual acuity was 20/20 OU with 
spectacle correction. 
This patient had a unilateral right MLF 
lesion resulting from pontine infarction. 
Case 4.—A 62-year-old man had experi- 
enced the acute onset of dizziness, diplopia, 
dysarthria, and weakness of the lower 
extremities four years previously. These 
symptoms cleared over a period of several 
weeks, but he continued to complain of 
intermittent diplopia and weakness of the 
lower extremities. Findings from exami: a- 
tion and results of laboratory stud es 
performed at the time of the acute episcde 
were consistent with infarction in the left 
side of the pons. Neurologic findings at the 
time of quantitative eye-movement testing 
(four years after the brain stem infarction) 
were MLF nystagmus on gaze to the right, 
limitation of adduction in the left eye to 
30°, conjugate vertical nystagmus on 
upward gaze (upbeat), slight left central 
facial weakness, mild ataxia on tandem 
gait, diffuse hyperreflexia, and decreased 
position sense and vibration in both feet. 
Convergence was normal. Visual acuity 
was 20/20 OU with spectacle correction. 
This patient had a unilateral left MLF 
lesion caused by a pontine infarction four 
years previously. 


METHODS 


Monocular, direct current electrooculo- 
grams (EOG) of horizontal and vertical eye 
movements were recorded with electrodes 
near the inner and outer canthi of each eye, 
above and below the left eye, and at the 
forehead for reference ground. Complete 
details of the specially designed amplifiers 
are reported elsewhere.‘ The bandwidth of 
these amplifiers is from 0 to 100 Hz (—3 
dB). 
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In each case, the patient was seated in a 
chair, the head was mechanically fixed, and 
the patient was asked to refixate between 
and maintain fixation on a series of dots at 
different horizontal and vertical angular 
deviations from the midposition (5° to 35°). 
Eye movements were also recorded during 
eccentric horizontal gaze, monocular occlu- 
sion of each eye, and in total darkness with 
eyelids opened. The patient was then asked 
to follow a target displayed on a modified 
60-em television screen as it moved 
through a standard tracking-test se- 
quence.’ All EOG signals were recorded 
simultaneously by a polygraph for quick 
visual reference and by a frequency-medu- 
lation tape recorder. Plots of saccadic 
maximum velocity vs amplitude and histo- 
grams of saccadic reaction time were 
constructed by a laboratory digital comput- 
er as previously described.** To study exact 
eye movement waveform without distor- 
tion from the curvilinear pen recorder, 
segments of the data were reproduced on 
the computer module (digitization rate, 200 
samples per second). 


RESULTS 
MLF Nystagmus 


As indicated in the case histories, 
patients 1 and 2 had bilateral MLF 
nystagmus and patients 3 and 4 had 
unilateral MLF nystagmus. Figure 1 
illustrates typical features of disso- 
ciated horizontal nystagmus in pa- 
tient 1 (bilateral MLF lesions) and 
patient 4 (left MLF lesion). Neither 
patient had nystagmus in the midpo- 
sition, but with a 15°-gaze to the right, 
each had a low-amplitude nystagmus 
with the fast component toward the 
periphery. With greater angular de- 
viations, the abducting nystagmus 
increased in frequency in patient 1 
and increased in amplitude in patient 
4. Both patients had mild limitation of 
adduction to the right, but were able 
to maintain 20° deviation to the right 
in the paretic eye. In patient 1, 
nystagmus in the adducting eye 
during gaze to the right did not devel- 
op; whereas, in patient 4, nystagmus 
in the adducting eye did develop, but 
was of a lesser amplitude than in the 
abducting eye. In all four patients, 
this pattern of asymmetric, disso- 
ciated nystagmus in lateral gaze, 
which has been described in many 
other patients with MLF lesions, 
developed. 

Covering the abducting or adduct- 
ing eye had no notable effect on the 
dissociated nystagmus. Similarly, the 
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nystagmus was unchanged during 
eccentric gaze in the dark, indicating 
that target-eye position error signals 
were not necessary for generation of 
the nystagmus. 

The waveform of the abducting 
nystagmus was of particular interest. 
To illustrate the characteristic wave- 
form, a segment of the dissociated 
nystagmus from patient 4 is enlarged 
in Fig 2. The recording was repro- 
duced from a graphical display by a 
digital computer so that the wave- 
forms were not distorted by a curvilin- 
ear recorder. The slow component of 
nystagmus in the abducting eye indi- 
cated an initial exponentially decay- 
ing course, giving the nystagmus 
waveform the appearance of a series 
of sharp peaks rather than the usual 
saw-toothed configuration that has 
slow components of constant velocity. 
Mathematical analysis of the slow 
component confirmed the initial ex- 
ponential drift of the eye toward the 
midposition. 

Conjugate vertical nystagmus was 
seen in all four patients. The nystag- 
mus was present on upward and 
downward gaze in patient 1 and only 
on upward gaze in the other patients. 
The amplitude of the vertical nystag- 
mus increased, with increased angular 
deviation from the midposition. Un- 
like the horizontal nystagmus, the 
waveform was of a typical saw- 
toothed pattern with slow components 
of constant velocity. 


Saccadic Eye Movements 


Horizontal saccadic eye movements 
showed characteristic abnormalities 
in each patient. Figure 3 illustrates 
these abnormalities in patient 1 (bilat- 
eral MLF lesion) as he followed a 
target moving in random step-wise 
jumps. As expected, adducting sac- 
cades were slow compared with sac- 
cades of equal amplitude made by the 
contralateral abducting eye. Plots of 
saccadic maximum velocity vs ampli- 
tude were constructed for each eye in 
each direction, and confirmed signifi- 
cant (P — .01) slowing of saccades in 
the adducting eye on the side of an 
MLF lesion. 

In each patient, adducting saccades 
on the side of an MLF lesion were 
hypometric; whereas abducting sac- 
cades were hypermetric. As seen in 
Fig 3, patient 1 consistently overshot 
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the target by approximately 20% 
when attempting to make saccades by 
an abducting eye. A similar degree of 
overshooting was seen in each of the 
other three patients. Of particular 
interest was the waveform of over- 
shooting abducting saccades (Fig 4). 
After overshooting the target, the 
abducting eye returned toward the 
target with a smooth movement that 
had an exponentially decaying course. 
This was proved by curve-fitting 
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several digitized return «segments 
with the exponential equation 
y = Ae'7/*, The time constant of the 
exponential return was approximately 
0.2 seconds in each patient. With large 
angular deviation from the midposi- 
tion (greater than 25°), the return was 
regularly interrupted by small abduct- 
ing saccades, producing the pattern of 
abducting nystagmus. The waveform 
of the fast components of the abduct- 
ing nystagmus was identical to that of 
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Fig 1.—Horizontal dissociated nystagmus (polygraph recordings) on gaze to right in 
patient 1 (bilateral MLF lesions) and patient 4 (left MLF lesion). Arrows mark occurrence 
of eyelid blink monitored in third channel. Peaked nystagmus waveform in abducting eye 
is shown. 
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Fig 2.—Enlarged display of dissociated nystagmus in patient 4 as he attempts to maintain 
30? horizontal deviation to right. Waveforms were graphically displayed on computer 
module after digitization of raw data at rate of 200 samples per second. 


486 Arch Neurol—Vol 35, Aug 1978 


P ET ad cadi POT ade VN PETTY were A m" E VES 


- Ir + 


the overshooting saccades (Fig 2). 
Undershooting saccades in the ad- 
ducting eye had glissade-like wave- 
forms, as have been described pre- 
viously. The overshooting wave- 
forms of saccades in the abducting eye 
and the undershooting waveforms in 
the adducting eye persisted during 
verbally directed eye movements in 
total darkness and with either eye 
covered, indicating that retinal error 
or other visual stimuli were not impor- 
tant in the generation of these saccad- 
ic abnormalities. 

Vertical saccades (upward and 
downward) had normal maximum ve- 
locity-amplitude relationships in each 
patient. Vertical saccades did not 
consistently overshoot or undershoot 
the target, but the end position could 
not be maintained and the eye 
returned toward the midposition. The 
rate of this return increased with 
increased angular deviation from the 
midposition; attempts to maintain a 
large angular deviation (more than 
25°) resulted in vertical nystagmus. 

Saccade reaction times or latencies 
(both horizontal and vertical) were 
normal in all patients. Histograms of 
delay time between target jump and 
eye jump were constructed for the 
standard saccade sequence (ie, 66 
random target jumps). The mean and 
standard deviation of these histo- 
grams were not significantly differ- 
ent from those of normal subjects 
tested in our laboratory. 


COMMENT 


Although pathological confirmation 
of MLF lesions in the patients studied 
would be highly desirable, previously 
published reports show a reliable 
correlation between the clinical syn- 
drome of internuclear ophthalmople- 
gia and MLF lesions.** The absence of 
third and sixth nerve palsies in our 
patients suggests that the MLF 
lesions were between the third and 
sixth nerve complexes. From the 
study of several patients with differ- 
ent causes and degrees of MLF 
involvement, a pattern of features 
common to MLF lesions has evolved. 
Clinical studies in patients are partic- 
ularly important, since patients can 
cooperate in voluntary pursuit and 
saccadic eye movement tasks that 
would be difficult in animal studies. 
These results can then be compared 
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with those from animal studies in 
which precise MLF lesions have been 
produced. In addition, the results of 
quantitative testing in patients can 
suggest specific questions to be inves- 
tigated in more controlled animal 
studies. 

To understand the saccade abnor- 
malities seen in patients with MLF 
lesions, it is helpful to review saccade 
generation in normal subjects. To 
produce a saccade of normal ampli- 
tude and velocity, the agonist oculo- 
motor neurons abruptly increase their 
firing rate to a high level that is 
maintained until the new eye position 
is reached. It has been shown that this 
increase in oculomotor neuron firing 
rate is proportional to both the eye 
velocity and the angular deviation of 
the eye.'^ When the eye has reached 
its new position in the orbit, the oculo- 
motor neuron firing rate is reduced to 
a level appropriate to maintain the 
new position. This sequence of events 
can be schematically represented as 
though the oculomotor neurons were 
receiving an input signal with a 
temporal course of an initial brief 
pulse followed by a longer step of 
smaller magnitude (Fig 5a). The pulse 
is necessary to rapidly accelerate the 
globe so that it moves from one posi- 
tion to another in the shortest possible 
time. The step input is necessary to 
hold the eye at the new position when 
the pulse input is terminated. Normal- 
ly, the pulse and step inputs are 
precisely balanced so that the step will 
be appropriate to maintain the posi- 
tion change induced by the pulse. 

For horizontal saccades, the pulse 
and step change in oculomotor neuron 
firing rate is believed to originate 
from neurons in the parapontine retic- 
ular formation.'''* These signals (at 
least in part) reach the oculomotor 
neurons via axons running in the 
MLF. It is not surprising, therefore, 
that MLF lesions can interfere with 
the pulse and step input to the oculo- 
motor neurons. 

The simplest abnormality to explain 
is the slowing of adducting saccades 
on the side of an MLF lesion. Most 
likely, some MLF fibers are complete- 
ly transected while others are only 
partially damaged, permitting some 
impulse transmission (although trans- 
mission is slowed because of demyeli- 
nation). It is an established principle 
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that partially damaged axons trans- 
mit low-frequency signals better than 
high-frequency signals (Wedensky 
phenomenon).'*?^* Since both the pulse 
and step must travel up the damaged 
MLF to reach the oculomotor neurons, 
the high rate of firing in the pulse is 
impaired more than the slower firing 
step. Therefore, the oculomotor neu- 


rons receive a substantially dimin- . 


ished amplitude and temporally dis- 
persed pulse and relatively normal 
step input (Fig 5b). In our patients, 
adducting saccades up to 20? past 
midline were slowed but eventually 
reached the target, reflecting the 
nearly normal step input. 

The overshooting saccades of the 
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` abducting eye and the dissociated 


nystagmus are more difficult to 
explain. Pola and Robinson? have 
recently offered explanations for 
these phenomena on the basis of their 
observations of MLF lesions in mon- 
keys and the assumption that inhibi- 
tory fibers to the contralateral antag- 
onist medial rectus, and excitatory 
fibers to the ipsilateral agonist medial 
rectus travel in the MLF. According to 
these authors, during saccades, the 
extraocular muscles produce pulse and 
step changes in force. Excitation and 
disinhibition of the agonist and inhi- 
bition and disfacilitation of the antag- 
onist all contribute to these force 
changes. Since, for adducting saccades 





Fig 3.—Horizontal saccades (polygraph recordings) induced by target moving in steps of 
random amplitude and frequency in patient 1 (bilateral MLF lesions). Saccades made by 
adducting eye are slow, while saccades made by abducting eye are of normal velocity 


but consistently overshoot target. 
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Fig 4.—Enlarged display of overshoots to right by abducting right eye in patient 4 (left 
MLF lesion). Waveforms generated are same as those in Fig 2. 
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Fig 5.—Schematic summary of saccadic generation in normal subject (a) and in patient 
with MLF lesion (b,c,d). In a, pulse and step are precisely matched so that position 
reached by induced saccade is maintained. In b, pulse duration is increased in attempt to 
overcome impaired transmission in damaged MLF. Despite increased pulse duration, 
firing rate of medial rectus oculomotor neurons is decreased and induced saccade is 
slow. In c, same pulse (increased duration) and step are transmitted to abducens 
oculomotor neurons without alteration (since signals do not travel through damaged 
MLF). Induced saccade overshoots target because pulse is too large for step. In d, 
impaired position maintenance is combined with pulse-step mismatch at abducens 
nuclei, resulting in nystagmus with waveform similar to that shown in Fig 1. 


the excitatory pulse input to the agon- 
ist medial rectus is much more impor- 
tant than inhibition of the antagonist 
lateral rectus, loss of this excitatory 
input from an MLF lesion results in 
ipsilateral adducting saccades with 
greatly reduced velocity (glissade-like 
waveform). 

The MLF does not contribute to the 
excitation and inhibition of agonist 
and antagonist lateral recti during 
abducting saccades. However, inhibi- 
tion of the ipsilateral antagonist 
medial rectus does contribute to the 
pulse and step changes in force during 
abducting saccades. Assuming inhibi- 
tory fibers to the antagonist medial 
rectus travel in the contralateral MLF 
and cross over in the midbrain, an 
MLF lesion will decrease the pulse and 
step changes in force during an 
abducting saccade. There will be an 
approximately 25% decrease in the 
step, but only a minimal decrease in 
the pulse, since the most important 
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component of the pulse, the excitation 
of the agonist lateral rectus, is intact. 
The result will be an overshooting 
waveform of the abducting eye in 
which the initial rapid movement just 
reaches (or falls slightly short) of the 
target and the eye then exponentially 
drifts away from the target due to the 
diminished step. As the eye slips away 
from the target, another corrective 
abducting saccade with an overshoot- 
ing waveform is generated. Repeti- 
tion of this cycle produces dissociated 
nystagmus. 

Some of our observations would 
require modifications of this hypothe- 
sis. Our recordings prove that abduct- 
ing saccades not only have overshoot- 
ing waveforms but they are actually 
hypermetric, ie, they overshoot the 


. target. An increase in the gain of the 


saccadic eye movements system would 
have to be added to the hypothesis to 
explain this observation. In addition, 
in our patients the overshooting wave- 


form of saccades and the dissociated 
nystagmus were present in total dark- 
ness. Therefore, target-eye position 
errors and corrective saccades cannot 
be the only explanation for dissociated 
nystagmus in long-standing MLF 
lesions. 

We propose an alternative explana- 
tion for overshooting of abducting 
saccades and dissociated nystagmus 
based on an adaptive mismatching of 
the pulse and step signals from the 
parapontine reticular formation. Pa- 
tients with internuclear ophthalmo- 
plegia can suffer from three forms of 
visual aberration. Limitation of ad- 
duction in the eye on the side of the 
MLF lesion results in diplopia with 
eccentric horizontal gaze. Blurring of 
visual images is produced by abnor- 
mally slow and prolonged saccades in 
the paretic adducting eye, and oscil- 
lopsia is perceived during eccentric 
gaze when dissociated nystagmus de- 
velops. Saccades of 20° and 40° have 
durations of approximately 80 and 120 
m/s, respectively, in normal subjects.° 
With ophthalmoplegias from several 
disorders (eg, myasthenia gravis, pro- 
gressive external ophthalmoplegia, 
and cranial nerve palsies), durations 
of abnormally slow saccades are often 
increased up to 900 m/s.'^'" In our 
patients, durations of undershooting 
adducting saccades of 25° ranged 
from 300 to 700 m/s. Partial suppres- 
sion of sensory perception occurs 
while the eyes are in motion during 
saccades of normal duration and 
visual blurring does not occur. When 
there is asymmetric slowing of the 
two eyes, as in our patients, visual 
perception from the slower eye will 
probably not be suppressed, and visual 
blurring will result. 

In an attempt to minimize visual 
blurring resulting from slowing of 
adducting saccades, the oculomotor 
control system might adaptively in- 
crease the pulse innervation to the 
medial rectus motoneurons in an 
attempt to increase the velocities and 
shorten the durations of the slow 
saccades. For saccades greater than 
10°, this increased innervation can be 
accomplished only by increasing the 
pulse duration." The step input need 
not be proportionally increased, since 
it is affected relatively little by the 
MLF lesion. Although the step change 
in firing rate is thought to be derived 
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from an integration (in the mathe- 
matical sense) of the pulse change, the 
gain of this integration apparently 
can be decreased; that is, although the 
step input is still derived from the 
pulse input, it can represent a smaller 
proportion of the pulse than normal. A 
mismatch of the pulse and step inputs 
to the abducens nucleus is the result. 
An adaptive pulse-step mismatch of 
this type would explain the observed 
overshoots of abducting saccades in 
our patients (Fig 5c). The abducting 
saccade overshoots the target, since 
the pulse input has been increased 
over that which is normally appro- 
priate for a refixation saccade of a 
particular amplitude. Since the step 
input has not been increased propor- 
tionally, the abducting eye does not 
maintain its position, but returns 
toward the target at an exponential 
rate dependent on the viscoelastic 
characteristics of the globe and 
orbit.'* 

Kommerell et al" have recently 
observed adaptive pulse step mis- 
matching in a patient with an abdu- 
cens nerve palsy who fixated with his 
paretic eye. Abducting saccades made 
by the paretic eye were slow and had a 
glissade waveform, while contralater- 
al adducting saccades by the nonpar- 
etie eye were larger and were followed 
by a rapid return drift. This suggested 
that the pulse input to the nonparetic 
eye had been increased out of propor- 
tion to the step input. Immediately 
after covering the paretic eye and 
forcing the patient to fixate with his 
nonparetic eye, adducting saccades 
made by the nonparetic eye consist- 
ently overshot the target and re- 
quired a series of corrective saccades 
(which also overshot the target) in 
order to achieve fixation. After patch- 
ing the paretic eye for three days, 
however, adducting refixation sac- 
cades by the nonparetic eye returned 
to normal, proving the ability to re- 
adapt to a normal relation between 
phasic and tonic innervation. 

The fact that vertical saccades have 
a normal trajectory in patients with 
MLF lesions suggests that the MLF 
does not transmit a major part of the 
pulse input to the vertical oculomotor 
neurons. This is consistent with the 
findings of burst-tonic (pulse-step) 
neurons that discharge in relation to 
vertical saccades in the mesencephalic 
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reticular formation.” The return drift 
toward the midposition seen after 
some vertical saccades suggests, how- 
ever, that the vertical motoneurons 
receive an input via the MLF that is 
important in position maintenance. 

In our explanation for the observed 
pulse-step mismatching in our pa- 
tients, we suggest that visual blurring 
is the impetus for adaptive changes in 
the saccade generating system. After 
a period of time, these changes are no 
longer dependent on visual stimuli, 
since we observed that overshooting 
waveforms of saccades and disso- 
ciated nystagmus persisted in total 
darkness and with monocular occlu- 
sion of either eye. However, it is possi- 
ble that the saccade abnormalities and 
nystagmus would resolve with long- 
term monocular occlusion, as shown by 
Kommerell et al in patients with 
lateral rectus palsies. 

Figure 5d illustrates how a pulse- 
step mismatch of this type with an 
impaired position-maintenance signal 
would result in a dissociated nystag- 
mus identical to that recorded in 
patients with MLF lesions. After an 
overshooting saccade to the periphery 
by the abducting eye, the eye rapidly 
rebounds with an exponential velocity 
because the pulse was too large for the 
step. Added to this is a slower drift 
back to the midposition resulting from 
impaired position maintenance. A sac- 
cade is induced to correct the drift 
away from the target, but, because 
the pulse gain has been increased for 
the reasons previously mentioned, the 
corrective saccade overshoots and the 
cycle of return drift and corrective 
saccade continues. This mechanism 
would explain the unusual waveform 
of the slow components recorded in 
Fig 2 and shown graphically in Fig 5d. 
The initial rapid phase is due to elastic 
restoring forces that bring the eyes to 
a position that can be maintained by 
the step, and the later slower phase is 
due to impaired position-maintenance 
signals transmitted to the abducens 
nuclei through the MLF. Vertical 
saccades, on the other hand, have a 
normal pulse-step relationship, but 
have impaired position maintenance. 
This results in a vertical nystagmus 
with a saw-toothed waveform similar 
to vertical gaze nystagmus of other 
causes. The reason for-the-impaired 
horizontal and vertieal position main- 
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tenance with MLF lesions is un- 
known. 
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Internuclear Ophthalmoplegia 


II. Pursuit, Optokinetic Nystagmus, and Vestibulo-Ocular Reflex 


Robert W. Baloh, MD; Robert D. Yee, MD; Vincente Honrubia, MD 


* Smooth pursuit, optokinetic nystag- 
mus (OKN) and the vestibulo-ocular reflex 
(VOR) were studied in four patients with 
internuclear ophthalmoplegia (two with 
bilateral and two with unilateral lesions). 
Horizontal smooth pursuit by an adduct- 
ing eye on the side of a medial longitudi- 
nal fasciculus (MLF) lesion was normal in 
three of four patients; vertical pursuit was 
abnormal in all four. The horizontal VOR 
gain of slow components made by an 
adducting eye on the side of an MLF 
lesion was normal in all four patients. The 
vertical VOR gain was decreased in the 
two patients tested. 

It is concluded that either there are 
pathways independent of the MLF for hori- 
zontal pursuit and vestibular signals that 
are not available to vertical signals, or 
vertical pursuit and vestibular eye move- 
ments require a higher rate of oculomotor 
neuron firing than equal-velocity horizon- 
tal eye movements. 

(Arch Neurol 35:490-493, 1978) 


ur other study (see p 484) demon- 
strated characteristic abnormali- 

ties of rapid eye movements (sac- 
cades) and in maintenance of eccen- 
tric gaze in patients with internuclear 
ophthalmoplegia (INO). In this article, 
abnormalities of smooth pursuit and 
induced nystagmus are shown. Al- 
though several workers have studied 
optokinetic and vestibular nystagmus 
in patients with INO,'* quantitative 
analyses of smooth pursuit and opto- 
kinetic and vestibulo-ocular responses 
in the horizontal and vertical planes 
have not, to our knowledge, been 
reported. Recent studies in monkeys 
have investigated saccades and ves- 
tibulo-ocular responses in the horizon- 
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tal and vertical planes.* 

We found (1) relatively normal gain 
of smooth pursuit, optokinetic re- 
sponses, and  vestibulo-ocular re- 
sponses in the horizontal plane and (2) 
decreased gain of smooth pursuit and 
vestibulo-ocular responses in the ver- 
tical plane. 


METHODS 


Monoeular vertical and horizontal dc 
electrooculograms were recorded in the 
patients previously described (see p 484). 
Horizontal and vertical smooth pursuit was 
tested with the patient seated (head 
mechanically fixed) in front of a modified 
television set that displayed a target 
moving in ramps of constant velocity (7? /s, 
22°/s, and 37°/s)* The target had a maxi- 
mum angular deviation of 18? from the 
center. Horizontal optokinetic nystagmus 
(OKN) was induced by a cloth drum that 
completely surrounded the patient and 
moved at a constant velocity (30?/s).* 

Horizontal and vertical vestibular nys- 
tagmus were induced with the patient 
seated in an automated rotatory chair, 
with head fixed in the plane of the horizon- 
tal semicircular canals (head upright tilted 
30? forward) and approximately in the 
plane of the right posterior and left anteri- 
or canals (head tilted backwards and to the 
right shoulder) The chair velocity and 
acceleration were precisely controlled via 
an electronic feedback system. Four mag- 
nitudes of sinusoidal rotation (15°/s, 30°/s, 
60°/s, and 120°/s, maximum velocity) were 
used at 0.05 Hz, and a maximum velocity of 
30°/s was used at several other frequencies 
(0.01 to 0.32 Hz). The vertical canals could 
not be tested in patients 3 and 4 because 
lateral neck flexion was severely limited by 
cervical osteoarthritis. 

Data recorded on tape were digitized at a 
rate of 200 samples per second and 
analyzed with a laboratory digital comput- 
er. Computer programs have been devel- 
oped to (1) identify minimum and maxi- 
mum points (slow and fast components) in 
digitized nystagmus data,” (2) construct 
slow-component velocity plots of induced 
nystagmus, (3) construct eye velocity histo- 
grams for each of the three pursuit veloci- 
ties," and (4) graphically display the data. 


RESULTS 
Smooth Pursuit 


Horizontal smooth pursuit was bet- 
ter than vertical smooth pursuit in 
each patient (Fig 1). To quantify the 
pursuit accuracy, the gain (average 
eye velocity after removing saccades 
divided by target velocity) for hori- 
zontal and vertical pursuit of the 22°/s 
target was calculated in each patient 
and in normal subjects for comparison 
(Table). Three of the four patients had 
normal horizontal smooth pursuit, but 
all four had abnormal vertical smooth 
pursuit. The gain of horizontal smooth 
pursuit was more than twice that of 
vertical smooth pursuit in each pa- 
tient. In the two patients with unilat- 
eral medial longitudinal fasciculus 
(MLF) lesions, there was no differ- 
ence between pursuit in the adducting 
eye toward or away from the side of 
the MLF lesion. 


Optokinetic Nystagmus 


Horizontal OKN showed a charac- 
teristic abnormality in each patient. 
Figure 2 illustrates OKN amplitude 
and slow-component velocity asymme- 
try between the two eyes in patient 2, 
who had bilateral MLF lesions. Wave- 
forms were reproduced from comput- 
er graphic display of eye movements 
to avoid artifacts of the curvilinear 
chart recorder. With bilateral INO, 
when the drum movement required a 
fast component in an adducting eye 
(Fig 2, lower trace), the nystagmus in 
that eye was decreased in amplitude 
and the nystagmus waveform had a 
rounded junction between the end of a 
fast component and beginning of a 
slow component. The slow-component 
velocity of these rounded nystagmus 
beats was significantly (P < .05) de- 
creased compared with that of normal 
subjects. By contrast, the nystagmus 
waveform in the other eye had a 
sharply peaked junction between the 
end of the fast component and the 
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beginning of the slow component (Fig 
2, upper trace). This produced a slow 
component with an initial velocity 
greater than the drum velocity, 
followed by a ramp of lower velocity 
approximating the drum velocity. The 
gain of these ramps made by an 
adducting eye was normal in each 
patient (Table) In calculating the 
OKN gain for the adducting eye, the 
average velocity of ramp segments 
was determined and compared with 
drum velocity after removing the 
initial exponential segment. These 
ramp segments of the adducting eye 
should reflect the influence of signals 
traveling via the damaged MLF to 
ipsilateral medial rectus motoneu- 
rons. 

With unilateral INO, when the 
drum rotation was away from the side 
of the MLF lesion requiring the eye on 
the side of the lesion to generate an 
adducting slow component, the nys- 
tagmus in both eyes had a convention- 
al saw-tooth waveform with normal 
slow-component velocity. 
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Vestibulo-Ocular R Reflex (VOR) 


Horizontal vestibular nystagmus in- 
duced by sinusoidal rotation in the 
dark showed abnormalities similar to 
those seen with OKN (Fig 3). With 
bilateral INO, when the paretic 
adducting eye was required to produce 
a fast component, the nystagmus in 
that eye was decreased in amplitude 
and had reduced slow-component ve- 
locity (SCV). On the other hand, the 
nystagmus in the other eye had the 
peaked waveform described previous- 
ly. With unilateral INO, when the 
paretic eye produced an adducting 
slow component, the nystagmus in 
both eyes had a conventional saw- 
tooth waveform. From plots of SCV 
(lower half of Fig 3), the vestibulo- 
ocular reflex gain (peak SCV divided 
by peak chair velocity) was deter- 
mined for adducting slow components. 
The gain of adducting slow compo- 
nents was normal in each patient 
(Table). In the patients with unilater- 
al MLF lesions, velocity of slow 


Pursuit, Vestibulo-Ocular Reflex (VOR), and Optokinetic Nystagmus (OKN) 
Gain Measurements 


VOR (0.05 Hz, 
Maximum Velocity, 120°/s) 
— M7 


Smooth Pursuit 
(Target Velocity, 22°/s) 
Panen, 


Horizontal* Vertical; 


Horizontal* 


OKN (Drum 
Velocity, 30°/s) 


Vertical} Horizontal* 


0.91 0.27 0.63 0.21 0.73 


0.68 0.23 
0.77 0.32 
0.95 0.45 
= 
normal 


limit? 


0.67 0.29 0.87 
0.38 0.83 
0.52 0.73 





>0.67 


*Average of right and left eye adducting movements. 
TAverage of up and down movements of left eye only. Horizontal limits for 25 normal subjects, 


vertical limits from five normal subjects. 
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Fig 1.—Horizontal and vertical smooth pursuit (polygraph recording, left eye) in patient 1 


(bilateral MLF lesions). Target velocity, 22? /s. 
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medial rectus on the side of the lesion 

was identical to velocity of slow 
components made by the medial 
rectus on the side without a lesion. 
Vertical vestibular nystagmus had a 
normal saw-toothed appearance, but 
the VOR gain was decreased com- 
pared with an equal stimulus in the 
horizontal plane and compared with 
that of normal subjects (Table). 


COMMENT 


The alteration in horizontal nystag- 
mus waveform in patients with INO 
can be explained on the basis of 
altered fast components. When a slow 
component (optokinetic or vestibular) 
was made by the adducting muscle on 
the side of a MLF lesion, it had normal 
velocity for the stimulus magnitude. A 
fast component made by the abduct- 
ing muscle of the same eye had a 
normal maximum velocity, but 
showed evidence of the pulse-step 
mismatch (see p 484). The junction 
between the end of the abducting fast 
component and beginning of the 
subsequent slow component was 
peaked, with the slow component 
having a brief initial high velocity 
before beginning the slower ramp 
change in velocity (Fig 2, upper trace). 
This suggests that the pulse increase 
in firing arriving at the abducens 
motoneurons was too large for the 
step increase (ie, the same phenomena 
seen with voluntary saccades). The 
reason for the decreased velocity of 
abducting slow components in the eye 
on the side of a MLF lesion can be 
traced to the impaired corrective 
adducting fast component (Fig 2, 
lower trace) This corrective fast 
component is slowed and increased in 
duration so that its delayed ending 
subtracts from the initial part of the 
slow component in the opposite direc- 
tion. This latter mechanism was 
initially proposed by Dell'Osso et al* to 
explain OKN asymmetry in MLF 
patients and is now found to be consist- 
ent with quantitative assessment of 
both OKN and vestibular nystagmus. 

Although our findings of abnormal 
vertical and normal horizontal pursuit 
and VOR gain in patients with MLF 
lesions are contrary to some tradition- 
al concepts of MLF function, they are 
consistent with recently reported 
findings in monkeys who had bilateral 
MLF lesions. Evinger et al’ found that 
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one month after surgery, monkeys 
had normal horizontal smooth pursuit 
and VOR gain, but vertical smooth 
pursuit and VOR gain were severely 
impaired. These data (animal and 
human) suggest that the MLF trans- 
mits both vertical pursuit and VOR 
signals to the oculomotor complex. An 
alternative explanation would be that 
the defect is not in the vertical pursuit 
system, but is rather an inability of 
the pursuit system to overcome the 
vertical recentering drift seen with 
MLF lesions. If this were the explana- 
tion, however, vertical pursuit would 
be impaired only with large deviations 
from the midposition rather than the 
uniform impairment seen in patients 
with MLF lesions. 

The finding of normal horizontal 
pursuit and slow components of the 
VOR in the presence of MLF lesions 
can be explained in two ways: (1) 
during horizontal pursuit and the 
VOR, innervation of the ocular motor 
nuclei is conducted via the damaged 
MLF, but these low-frequency signals 
(10 to 100 pps) are transmitted rela- 
tively normally, while high-frequency 
signals (200 to 500 pps) during the 
pulse innervation of saccades are 
transmitted after considerable loss of 
amplitude and temporal dispersion; or 
(2) alternate pathways exist that 
conduct signals from the pons to the 
ocular motor nuclei and are indepen- 
dent of the damaged MLF. As sug- 
gested by our previous findings (see p 
484), the observation that damaged 
nerves transmit low-frequency sig- 
nals better than signals of high 
frequency is well documented. If this 
were the complete explanation for the 
difference between horizontal slow 
and fast eye movements with MLF 
lesions, however, we would not expect 
to find impaired vertical pursuit and 
VOR eye movements, unless vertical 
pursuit and vestibular eye movements 
require a higher rate of oculomotor 
neuron firing than do equal-velocity 
horizontal eye movements. 

The concept that there are alternate 
pathways for horizontal pursuit and 
VOR that can be used in the face of 
impaired transmission via the MLF is 
not a new concept. In the early 1930s, 
Lorente de No" found that normal- 
appearing horizontal nystagmus could 
still be induced after MLF lesions in 
cats and postulated a direct vestibu- 
lar-oculomotor pathway through the 
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pontine reticular formation. A similar 
direct extra-MLF pathway may also 
exist from the “pontine horizontal 
gaze center” to the oculomotor com- 
plex. Whether these pathways are 
functioning normally or only when 
there is an interruption of the MLF is 
not known. These pathways might 
compensate for impaired horizontal 
pursuit and vestibular eye movements 
after an acute MLF lesion. However, 
saccadic eye movements remain slow 


Arf. eye 


Lf. eye 


"—TTITUEXCO€*DGpyptee-— 


years after an acute MLF lesion, 
suggesting that alternate pathways 
cannot produce the high pulse rate of 
firing needed for normal velocity 
saccades. This may result from the 
fact that the alternate pathways are 
(1) multisynaptie, (2) slow conducting 
with small diameter fibers, or (3) 
limited in total number of fibers. 
Assuming that the same command 
signal is distributed to the medial and 
lateral rectus motoneurons and that 


5o 


| sec 
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Fig 2.—Waveform recorded in patient 2 (bilateral MLF) as displayed on computer module. 
Drum is moving counterclockwise at a constant velocity of 30°/s. 
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Fig 3.—Vestibular-induced nystagmus in patient 2 (bilateral MLF lesions). Upper half, 
polygraph tracings show variable nystagmus waveform at different parts of the cycle 
(maximum chair velocity 60? /s, .05 Hz). Lower half, slow component velocity plots of 


nystagmus in same patient. 


Internuclear Ophthalmoplegia—Baloh et al 





P 


Medial 
rectus 
motoneurons 


Lateral 
rectus 
motoneurons 


Orbital 
low pass 
filter 


Orbital 
low pass 
filter 





Fig 4.—Low-pass filter effect from the damaged MLF. Command signal (A) for single beat of nystagmus reaches lateral 


rectus motoneurons without change (B.), but signa 


| reaching medial rectus (B,) has been altered by damaged MLF. 


Signals B, and B, are converted to eye movements C, and C, by low-pass filter properties of orbital structures. 


the orbital mechanics are similar for 
adducting and abducting eye move- 
ments, then the transmission proper- 
ties of the damaged MLF and any 
alternate pathways that might exist 
can be determined by comparing 
induced eye movements in the two 
eyes. This approach is diagrammati- 
cally illustrated in Fig 4 by following 
the command signal for a single beat 
of nystagmus from its generation in 
the pons to the final induced eye 
movement in each eye. The command 
signal (with a pulse step mismatch) 
reaches the lateral rectus motoneu- 
rons without change, whereas the 
signal reaching the medial rectus has 
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been altered by the low pass filter 
properties of the damaged MLF or 
alternate pathways. The orbital me- 
chanies act as another low pass filter 
changing the oculomotor neuron fir- 
ing (B,, B;) into the induced eye move- 
ments C, and C.. The low-pass filter 
properties of the orbital structures 
have been well documented." The 
properties of the low pass filter 
between A and B, can be determined 
by passing C, through low-pass filters 
with decreasing bandwidths until a 
waveform identical to C, is produced. 
This experiment was conducted on 
OKN data from patient 2 (data illus- 
trated in Fig 2) and it was found that 
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Substantial Spontaneous 


Long-term Improvement 


in Subacute Sclerosing Panencephalitis 


Six Cases From the Middle East and a Review of the Literature 


Winthrop S. Risk, MD, PhD; Fuad Sami Haddad, MD; Raymond Chemali, MD 


€ Of 118 cases of subacute sclerosing 
panencephalitis identified in an extensive 
follow-up study in the Middle East, six 
patients were found by personal interview 
to have experienced substantial sponta- 
neous long-term improvement. To our 
knowledge, this rate of 5% for such 
improvement is presently the most ac- 
curate estimate available. 

Relative to the onset of clinical illness, 
the conditions of two patients are still 
improving four to five years later, two are 
stable four to six years later, one relapsed 
and died recently after eight years, and 
one is currently in relapse after 11 years. 
The condition of five patients had not 
progressed beyond stage 2 before im- 
provement began. 

All patients had characteristic clinical 
and electroencephalographic features. 
Two patients had brain biopsy specimens 
showing panencephalitis without inclu- 
sions. Five patients had highly elevated 
levels of serum and CSF measles anti- 
bodies. 

In this article, the course of illness and 
extent of disability are described, pub- 
lished reports of improvement are re- 
viewed, and the possibility of subclinical 
illness is discussed. 

(Arch Neurol 35:494-502, 1978) 
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he natural history of subacute 

sclerosing panencephalitis 
(SSPE) is still inadequately known, 
especially for evaluating the effects of 
therapy, because large representative 
series with good follow-up are diffi- 
cult to obtain. The high incidence of 
SSPE in the Middle East' permitted 
the SSPE Registry of Lebanon to 
identify from a few sources a large 
number of cases (118). Concentration 
of these cases in a relatively small 
geographie area permitted compre- 
hensive case indentification and ex- 
tensive follow-up. One hundred four- 
teen patients were followed up, 108 by 
personal interview. 

Six patients (5%) experienced sub- 
stantial spontaneous long-term im- 
provement (Table 1). Substantial 
means that a bedridden patient, 
incapable of self-care, becomes ambu- 
latory and can tend to his basic needs. 
To our knowledge, this rate of 5% is 
currently the best estimate available. 
The one study larger than ours (507 
patients in the SSPE Registry of the 
United States) has not yet obtained 
comparable follow-up data because its 
many sources are scattered over a 
large geographic area (J. T. Jabbour, 
MD, oral communication, October 
1977). 

When apparent recovery occurs, a 
diagnosis of SSPF is commonly sus- 
pect for several reasons. Almost all 
reported cases have ended fatally, so 
some physicians consider death a 


diagnostic feature. Koch’s postulates 
have not been satisfied in SSPE and 
alternate postulates? do not permit 
unequivocal diagnosis in an individual 
case. Available diagnostic tools are 
not absolutely specific. In other CNS 
disorders, characteristic myoclonus 
and electroencephalographie bursts 
occur occasionally? and paretic colloi- 
dal gold curves and elevated IgG 
levels in the CSF occur frequently. 
Measles antibodies occur in multiple 
sclerosis‘ and rarely, serum measles 
titers are elevated in patients not 
suffering from either measles or 
SSPE.’ Measles antibodies in the CSF* 
and measles-specific viral fragments 
and antigens in brain tissue may 
prove to be pathognomonic but are not 
found in all cases of SSPE. 


MATERIALS AND METHODS 


Nearly all of the 118 patients were eval- 
uated at two major referral centers for 
neurology in the Middle East: the Amer- 
ican University Medical Center and the 
Orient Hospital, Beirut, Lebanon. General 
methods of search, diagnosis, and follow-up 
are described elsewhere.' 

Table 2 gives the diagnostic criteria. 
Since no single criterion permits a 
completely reliable diagnosis, all cases of 
neurological diseases entering the differ- 
ential diagnosis of SSPE seen at our 
centers in the last 20 years were analyzed; 
those with a questionable diagnosis were 
followed up and the literature dealing with 
these same disorders was extensively 
reviewed. In all instances, no evidence 
appeared that indicated that any disease 
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Onset, yr/Age at 
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Table 1.—Data on Six Cases of SSPE Reported in This Paper 


EEG 


Time 


of Lab 
Studies 


Measles 
Antibodiesi After 


CSF:* 
Gum IgG/ 


Bursts 
Rhythmic 
None 


SSPE Onset, yr 
1/M/3/8 


4-6/min 


2/M/12/12 


3/F/1%/13 0-15/min 


4/F/1%2/11 
1%-3/min 
None 
None 
8-10/min 
0-15/min 
20/min 
9-12/min 
9-12/min 


5/F/6/13 


6/M/2/7 


Mastic 


1%-3/min ND 


Protein Biopsyj Serum CSF 


3333321000 


4444444100 
3221100000 
0000000000 


4444443100 


*IgG/protein indicates IgG in mg/dl/total protein in mg/dl.ND indicates not done. 
Brain biopsy specimen: plus (+) indicates panencephalitis and minus (—), no inclusions. 
tinverse titers are listed (complement fixation method). 


Table 2.—Summary of Diagnostic 
Criteria of SSPE Satisfied by 
Each Patient 


Criterion* 





*A indicates characteristic clinical picture: 
progressive behavior changes, mental deteriora- 
tion, and rhythmic jerks in previously healthy 
individual; B, characteristic EEG: generalized, 
bilateral, synchronous, rhythmic bursts that 
coincide with jerks; C, paretic gum mastic curve; 
D, immunoglobin G levels in CSF elevated above 
upper limit of normal either absolute or relative 
to total CSF protein; E, brain biopsy specimen of 
changes of panencephalitis without inclusions; 
F, complement fixation titers for measles greater 
than or equal to 1:256 in serum and greater than 
or equal to 1:8 in CSF. Plus (+) indicates test 
done, criterion satisfied; minus (—), test done, 
criterion not satisfied; ND, test not done. Satis- 
faction of criteria A + B + E or F = diagnosis 
of SSPE. Satisfaction of more than these criteria 
further confirm diagnosis. 


other than SSPE satisfies the combination 
of criteria A and B plus E or F (Table 2). 

Although measles antibody titers in 
SSPE ean reach remarkably high values, 
the levels adequate for a firm diagnosis are 
relatively low when considered in combina- 
tion with characteristic clinical and electro- 
encephalographic features. The levels used 
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in this study are based on the following 
results: Sever and co-workers* showed that 
the average complement fixation titer 
(CF) in the CSF of 59 patients was about 
1:16 and that only in SSPE is the CSF titer 
greater than 1:2. They also showed that the 
average serum titer was about 1:256 and 
that a level of 1:64 or greater gave good 
diserimination against other disorders; 
Adels et al' showed that the serum CF titer 
in normal children dropped from an 
average of 1:260 at the time of ordinary 
measles infection to 1:20 two years later 
unlike the hemagglutination inhibition 
titer, which may remain elevated for years. 
Jabbour et al" observed that several years 
after ordinary measles infection the serum 
CF titer dropped to a range of 1:8 to 1:16. 

Measles antibody titers were measured 
initially at the Lebanese Government 
Central Laboratory, Beirut, and later at 
the Infectious Disease Branch of the 
National Institute of Neurological and 
Communicative Disorders and Stroke, Na- 
tional Institutes of Health (NIH), Bethes- 
da, Md. 

Stages of SSPE adopted in this study are 
as follows: stage 1, progressive behavioral 
changes and mental deterioration; stage 2, 
progressive myoclonic jerks eventually im- 
mobilizing the patient; stage 3, extreme 
mental and physical debility that may 
include coma and death; stage 4, long-term 
improvement, either modest or substantial; 
and stage 5, relapse. 

Survey of the literature included all list- 
ings under SSPE from 1958 to August, 1977 


Onset 


Time to Time to Total 
Start Stop Present Duration, 

Remission Improving Condition yr 

16 mo 28 mo In relapse 

since 1 

yr 
Died after 

relapse 


15 mo 
25 mo 


1st, 10 mo 
2nd, 16 
mo 


Stable 


Slowly im- 
proving 


Stable 


Slowly im- 
proving 





in Index Medicus that referred explicitly to 


long-lived patients. Additional reports 
without such explicit reference were iden- 
tified by a comprehensive but incomplete 
search of the general literature on SSPE. 


REPORT OF CASES 


Case 1.—This child, born in 1958 in 
Aleppo, Syria, had uncomplicated measles 
at age 3 years. Early health and develop- 
ment were normal. He started school at age 
7 years, did well, and was beginning to 
read. In second grade, he became forgetful, 
withdrawn, and dropped to the bottom of 
his class. In September 1967, on entering 
the third grade, occasional head-nodding 
spells developed. Progressive myoclonic 
jerks of the extremities appeared, even- 
tually causing him to fall, but with prompt 
recovery. After two months, these drop 
attacks, lasting a few seconds each, 
occurred every one to two minutes. Dysar- 
thria and speech interruptions appeared. 

In November 1967, he was mentally 
impaired, disoriented in time, person, and 
place, and unable to respond properly to 
simple questions or to do simple arithmetic. 
He could not sit unassisted because of head 
nodding, frequent jerks lasting one to two 
seconds, and occasional athetotic move- 
ments. Skull roentgenograms were normal. 
An EKG showed generalized high-voltage 
slow activity, 2 to 4 Hz, with recurrent 
bursts of generalized bilaterally synchro- 
nous atypical spike and wave complexes. 
Gum mastic curve (serial 1:2 dilutions) was 
44444. A pneumoencephalogram (PEG) 
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suggested minimal atrophy in the left 
hemisphere. 

The next follow-up was in November 
1974, at his home. The illness had 
progressed with excessive yelling and 
crying for about one month after dis- 
charge. Then, for three to four months 
there was noticeable improvement, the 
jerks becoming inapparent. After one year, 
his condition no longer improved. 

On physical examination, he was 
oriented to person and to place but not to 
time. He knew family members and the 
name of the president of Syria. He could 
answer simple questions, count on com- 
mand in order up to ten, name simple 
objects, and obey simple orders. He could 
no longer recite the alphabet, nor do simple 
arithmetic, nor count correctly the number 
of objects presented to him. He could not 
learn again to recognize letters or digits by 
name. Spontaneous speech was minimal. 
He was ambulatory with moderate right- 
sided spasticity, more in the lower extrem- 
ities. There were Babinski signs bilaterally 
and generalized hyperreflexia but no 
clonus. Muscle strength was good. Gait was 
slow and lacked grace. Rapid alternating 
movements were greatly impaired. Com- 
plement fixation test for serum measles 
antibodies in November 1974, January 
1975, and August 1975 gave titers of 
greater than or equal to 1:256 on all three 
occasions. Results of an EEG in January 
1975 were normal. In August 1975, his 
neurological status was unchanged, but in 
August 1976, there was a suggestion of 
decreased mental alertness. 

Follow-up in June 1977 showed notice- 
able deterioration. Although still mobile, 
he had to be led around, he no longer 
conversed nor understood simple conversa- 
tions, and he barely knew his father. He 
intermittently lost sphincteric control and 
would sit for a long time with his feet held 
unsupported a few centimeters above the 
floor. He spoke spontaneously only a few 
incoherent words, usually in response to 
extraneous noises. There were echolalia, 
stereotyped movements, generalized hy- 
perreflexia, bilateral ankle clonus, ridigity 
of both upper extremities, and a Hoff- 
man's sign on the left side. 

Levels of IgG in the CSF were 21 mg/dl 
(23% of the total protein) Complement 
fixation measles antibody titers measured 
at the NIH were 1:2,048 in the serum and 
1:128 in the CSF. Hemagglutination inhibi- 
tion titers were 1:256 in the serum and 1:32 
in the CSF. The total course of illness from 
the end of the second grade when school 
performance deteriorated substantially 
was 11 years. 

CasE 2.—A boy, born in 1956 in Latakia, 
Syria, had measles at the age of 1% years 
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that was complicated one to two weeks 
later by a recurrent gastroenteritis, which 
took about one year to resolve. Early 
health, development, and school progress 
were otherwise good until January 1968, 
when his memory and schoolwork deterio- 
rated. Also, behavior changes appeared, 
including cursing and abusing his siblings; 
jerky movements of his right hand caused 
him to drop things, and when erect, his 
right knee would give way without causing 
him to fall. He failed his class. 

In June 1968, he had jerky movements of 
the face, hands, arms, and shoulders, espe- 
cially apparent when he tried to write. His 
writing deteriorated after a few lines. 
Skull roentgenograms were normal, but 
the EEG suggested SSPE (Fig 1). A right 
carotid arteriogram and a PEG were both 
normal. A brain biopsy specimen showed 
mild cortical astrogliosis and microgliosis, 
one neuronophagic nodule in the cortex, 
moderate subcortical white matter gliosis, 
and several blood vessels cuffed with 
lymphocytes and pleomorphic histiocytes. 
No inclusion bodies were identified. In 
August 1968, he seemed to have regained 
partial use of his hand; however, retropul- 
sive attacks appeared, he was no longer 
eating well, and he had a left-sided facial 
paresis and hemianopsia. 

In November 1973, his father replied to a 
follow-up letter. During the first three 
months after his return home, the patient 
became paralyzed and blind. Attacks of 
extensor rigidity with drooling and postic- 
tal sleep developed, occurring five to ten 
times a week. During the succeeding four 
to five months, his sight improved, the 
paralysis was relieved, and he was able to 
sit up and walk. Then he relapsed and 
became bedridden with extensor spasms. 
After one month, his condition improved 
again, but he had daily shaking spells. 
These spells were partially controlled with 
antiepileptic therapy and they began to 
subside spontaneously. He became mobile 
by June 1969, but with left-sided paresis, 
difficulty in speaking, and severe mental 
impairment. By February 1970, he was free 
of attacks. At times, he had difficulty 
sitting down or standing up. He was 
nervous and irritable but could dress, eat, 
and go to the store by himself. He 
remained this way until about January 
1975 when he exhibited a reduction in 
spontaneous movement, arms flexed at the 
elbows, and extensor spasms. He had flexor 
spells during which, if he were sitting, he 
would flex his lower extremities at the hips 
and knees lifting his feet off the floor and 
he would remain seated this way for a long 
time. 

Follow-up in March 1975 at his home 
confirmed the aforementioned findings. 


He was oriented to person but not to time 
or place. He knew family members and 
could name simple objects, including five- 
and ten-lira bank notes. He could not 
remember that he lived in Latakia, Syria, 
although he was told this a few minutes 
earlier and he could not do simple arith- 
metic nor count the number of objects 
presented to him. Conversational ability 
was minimal and responses were often 
inappropriate. He obeyed very simple 
instructions, he was free of myoclonic 
jerks, had a left-sided hemiparesis, spas- 
ticity in all joints, generalized hyperre- 
flexia, and positional clonus, but no 
Babinski signs. He was mobile with a left- 
sided limp. Complement fixation serum 
measles antibody titers were less than 
1:4. 

His condition continued to deteriorate; 
he became mute and immobile, and died in 
May 1976, eight years and four months 
after the onset of deteriorating school 
performance. 

Case 3.—A girl, born in 1957, in Deir-es- 
Zour, Syria, had severe measles at the age 
of 1! years that lasted two weeks. Early 
health and development were normal and 
school progress was above average. How- 
ever, in November 1970, she fell while 
going down the stairs on the way to school. 
Since then, there was progressive deterio- 
ration in school performance, clumsiness, 
an ataxic gait, dropping of objects from 
her hand, interrupted speech, and occa- 
sional episodes during which she would 
suddenly change the topic of conversation 
and talk very rapidly about another 
subject. In October 1971, after another fall 
down the stairs, she was observed to have 
left-sided weakness, repetitive words, dys- 
arthria, and dysphagia. An EEG showed a 
disturbed pattern in the frontal area, more 
on the right side. 

In November 1971, she had an indif- 
ferent expression, was oriented and still 
quite alert mentally, but she had speech 
interruptions and repetitions. There was a 
left-sided hemiplegia and myoclonic jerks 
with absence that prevented her from 
walking without assistance. Skull roent- 
genograms were normal. An EEG sug- 
gested SSPE (Fig 2). A right carotid 
arteriogram and brain scan were both 
normal. The gum mastic curve was 
3333321000 and IgG levels in the CSF were 
32 mg/dl (63% of the total protein). 
Complement fixation serum measles anti- 
body titers were 1:128. 

The next follow-up was in November 
1974, at her home. Shortly after discharge, 
her condition had begun to improve. The 
jerks subsided permitting her to walk 
unassisted. Physical examination showed a 
healthy, intelligent girl with apparent 
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insight into her previous illness. She had 
regained her ability to read and write, but 
had not returned to school. Intelligent 
conversation was possible. She said the 
jerks used to come by themselves without 
warning or pain and they felt like elec- 
tricity shooting down her right arm and 
leg. A previous dysarthria, which had 
almost disappeared, was associated with a 
feeling that her tongue was turning 
inward. She still thought her tongue was 
heavy. During her illness, she used to cry 
because she could not go to school, but did 
not go outside because she believed there 
was something wrong with her and she did 
not want people to see her. She said her 
fellow citizens have primitive minds and 
she did not want them to talk about her. 
During the interview, the patient fre- 
quently exhibited brief periods during 
which she seemed to tire excessively from 
the conversation, would sigh, and would 
have to be coaxed to continue. She seemed 
mildly depressed, had a left-sided hemipa- 
resis, and a mild left-sided facial paresis; 
she had spasticity and clonus in elbow, 
wirst, and knee joints, more on the left 
side. Her left forearm was completely 
paralyzed and was carried in a flexed posi- 
tion with an inward-turning wrist. There 
was abduction contractures of both feet, 
more severe on the left side, and she 
walked with a left-sided limp. Complement 
fixation and hemagglutination inhibition 
serum measles antibody titers measured at 
the NIH were both 1:128. 

Follow-up in June 1977 showed no 





substantial changes clinically. A gum 
mastic curve was 4444410000 and IgG 
levels in the CSF were 10.5 mg/dl (14.6% of 
the total protein) Complement fixation 
measles antibody titers, determined at the 
NIH, were 1:1,024 in the serum and 1:64 in 
the CSF. Hemagglutination inhibition tit- 
ers were 1:128 in the serum and 1:8 in the 
CSF. The total course of illness since the 
first fall down the stairs was six years and 
seven months. 

Case 4.—A girl, born in 1960 in Beirut, 
Lebanon, had uncomplicated measles at the 
age of 144 years. Growth and development 
were normal and she entered school at age 
5 years. Initial performance was average, 
but each year was progressively worse. She 
learned to read and write at a fifth grade 
level but failed sixth grade twice. At age 13 
years, in the sixth grade for the third time 
and no longer able to learn, she was kept at 
home after a "fall" at school. 

In June 1974, she frequently disobeyed 
her parents' instructions, complained of 
chronic fatigue, and sometimes slept all 
day. In December 1974, she "fell" again. In 
January and February 1975, dizzy spells 
and frequent falls with quick recovery 
occurred. In March 1975, behavior changes 
and forgetfulness increased, recurrent 
tremors of the hands appeared, and sudden 
occipital headaches occurred that were 
associated with palor and generalized 
shaking spells lasting about half an hour. 
She forgot how to dress herself. She was 
seen by one of us (R. C.) who found only 
mild tremors in the hands. 





A one-week stay at the St George Hospi- 
tal, Beirut, in May 1975, was uneventful. 
Major convulsions developed shortly after- 
ward and increased to several a day. 
Dysphagia, inability to eat unassisted, 
negativistic behavior, hallucinations, and 
delusions developed. She was admitted to a 
psychiatric hospital in Beirut in May, and 
returned home without a diagnosis. An 
EEG was normal except for repetitive 
generalized bilateral synchronous bursts 
every 20 to 40 seconds, which were thought 
to be movement artifacts. Readmitted in 
June, she had logorrhea and stereotyped 
and repetitious speech. The psychiatrist 
suspected an organic disease and again 
referred her to one of us (R. C.) at the Hotel 
Dieu Hospital, Beirut. 

Her history included wishing to die, 
crying frequently because of her errors, 
aggressiveness, erratic eating habits, in- 
termittent loss of sphincteric control, and 
daily grand mal seizures. 

On physical examination, there were 
mild intermittent tremors of the hands, an 
ataxic gait, reduction in spontaneous 
speech, failure to respond to simple ques- 
tions, logorrhea, and coprolalia. Several 
generalized tonic seizures occurred. Skull 
roentgenograms, a right carotid arterio- 
gram, a PEG, and a brain scan were all 
normal. Levels of IgG in the CSF were 36 
mg/dl (60% of the total protein). Repeated 
EEG suggested SSPE (Fig 3). A brain 
biopsy specimen showed scattered perivas- 
cular cuffing, occasional glial clusters in 
the cortex, cortical microgliosis, and sub- 


Fig 1.—Electroencephalogram of case 2, five months after onset of clinical illness. Well-organized 9-Hz a rhythm is present 
with bursts superimposed at approximately nine-second intervals. Scale is same in all figures: 100 uV/cm vertically and 400 
msec/cm horizontally, except for horizontal scale in Fig 3, which is 800 msec/cm. L-shaped marker represents 1 cm on each 


side. 





Fig 2.—Electroencephalogram of case 3, 12 months after onset of clinical illness. Poorly organized 
9-Hz a rhythm is present with bursts superimposed at seven (+1)-second intervals. 
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cortical astrogliosis. No inclusions were 
identified. Complement fixation titers for 
measles antibodies in the serum and the 
CSF were both less than one fourth. In 
spite of this and the lack of definite 
myoclonus in her history, the diagnosis was 
probable SSPE on the basis of the clinical 
findings, EEG, elevated IgG levels, and the 
brain biopsy specimen. 

After discharge, she lost her ability to 
speak, frightening hallucinations, patho- 
logical blinking with slight turning of the 
head to one side, and mild jerks of all 
extremities developed. Mild head-nodding 


spells rapidly became severe. Severe gener- ' 


alized trunkal jerks with flexion of the 
head forward increased in frequency to 
every few seconds. She became unrespon- 
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sive and immobile in the fetal position with 
severe stiffness. Her mouth had to be 
forced open to feed her. Her condition 
remained unchanged for about 16 months 
until February 1977, when spasticity 
decreased and spontaneous movements 
increased. In March 1977, she could walk 
with assistance and speak a few words. An 
EEG was normal. Gait, speech, and general 
condition steadily improved so that by July 
1977, she was fully mobile, conversant, and 
able to care for herself. 

Myoclonic jerks that did not interfere 
with her mobility occurred irregularly a 
few times a day. An EKG in July 1977, was 
completely normal except for generalized 
fast 8 rhythm at 18 Hz. Repeated CSF 
studies showed a gum mastic curve of 


"n 


PP roy Je ^^ yore Ramen ah Ol pn a NO at, S 


me ee, 


ERTS ; mime m. 
- e> 
2 e-s E - ca > & 


4444444100, and IgG levels of 27 mg/dl 
(37.5% of total protein). Complement fixa- 
tion measles antibody titers measured at 
the NIH were 1:256 in the serum and 1:8 in 
the CSF. Hemagglutination inhibition ti- 
ters were 1:32 in the serum and 1:8 in the 
CSF. The total duration of illness from the 
time when she first failed the sixth grade 
was five years and three months. 

Case 5.—A girl, born in 1959 in Freetown, 
Sierre Leone, of Lebanese parents from 
south Lebanon, returned to Lebanon in 
1962, where she had uncomplicated measles 
at the age of 6 years. Early health and 
development were normal and school 
progress was average. However, in October 
1972, memory and schoolwork deteriorated. 
She became devilish in school, started 
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Fig 3. olatfroanperiHafodram of case 4, 39 months after onset of clinical illness. Myoclonic jerks had not yet 
developed, although patient suffered from recurrent falling spells. Serum and CSF titers were negative at this 
time. Bursts are separated by 14- and 22-second intervals. More than five years after onset of illness, EEG 
returned to normal, although measles titers in serum and CSF had become highly elevated. Myoclonic jerks, 


which had previously become extremely severe, had subsided to a few a day. 
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Fig FA VIE ENE TIA of case 5, 16 months after onset of clinical illness. Clinical EERE was well ERAT Bursts 
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occurred at three to five-second intervals and were associated with almost imperceptible rotation of patient's head. Electroen- 
cephalogram four months earlier was almost identical, but bursts were associated with prominent myoclonic jerks. 















m Mf ai — ——— P, ————— M Á—— ar ee — a 


Jea P 7 "Tc < -~ - : - — dE. 4 


— dn” naka a 9 =e Le, MP I NN m a UT 
urne Oe g—ü ae — UI AÀÀ e P 8 oe meme as ile a KS 
rs : p : ~ £ pas - i thew, ~~ pe f fe Lo A 

— RUIT P OME EIT E275 ey eH RRS cU cR oe eire dete —~ eS rv 





Fig 5.—Electroencephalogram of case 5, 4% years after onset of clinical illness. Clinical improvement 


tt 





had stabilized. Electroencephalographic bursts, which in anteroposterior leads were little higher than 
background, are seen clearly in transverse leads and occur almost metronomically every 27? to three 


seconds. 
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Measles Studies 
Sex/Age CSF: Antibodies s After Condition Total 
at SSPE EEG Colloidal IgG/ m SSPE Time to at Last Duration, 
Source Onset, yr Bursts Gold Proteint Biopsyi Serum CSF Onset Remission Report yr 


Lorand et al’ F/9 6-8/hr ND ND ND ND iud 12 mo 24 mo Improved 
D ND we 


4 

Hommes and F/14 6-10/min Paretic High N 10 mo 30 mo Improved 6 
Prick" 20-30/min Paretic High a a diis 27 mo 

Legg" M/17 ‘ae "mw ND ND nés 40 16 mo * Recovered 5 
10 58 mo 


Cobb and Mor- M/21 15/min 5432100000 ND vd 7 mo 18 mo Stable 9 
gan-Hughes" 15/min 2211000000 Ka ks d eda bak 18 mo 
Absent cu UN x He ica 28 mo 
M/17, 13 6/min 5544332100 +e 12 mo 31 mo Improved 3% (7) 
12/min 25 aight bos vw T^ 17 mo 
Absent d. ya^ pati T 39 mo 


Kennedy" Present 1112220000 ND jan Si LOK. Improving 


Himmelhoch F/38 Episodic Negative qu 2 mo Worsening 
et al’ Absent ava yas TM y parapleg- 
ic 
Donner et al F/8'5 10-20/ min m» <a ist, 30 mo Improved 
Irregular 322 "— 2nd, 11% yr 
M/7 15/min ae ai 16 mo Stable 
Absent 
Absent 


Mattson'* Periodic 20 mo Stable 
Periodic 


M. Donner, MD M/9 iT acis id | High HUN 48 mo Improved 


(oral communi- F/5 TP Mt Vies RÀ High i. 1st, 24 mo Improved 
cation, October, 2nd, 12 yr 
1975) 


Vandvik et al" Typical 384 8 3 yr 4 yr Improved 
48,000 128 4 yr 


*Patients in whom substantial improvement occurred without relapse at time of last report. 

TlgG /protein indicates percentage of total protein distribution by IgG. 

iPlus (+) indicates panencephalitis; minus (—), no inclusions; and ND, not done. 

§inverse titers listed (complement fixation, case 3 and 8; hemagglutination, case 13; not specified, case 7). 





Table 4.—Data on Six Cases of SSPE Reported in the Literature* writing down the paper instead of on the 
lines, and said she could not see well. An 
Method of Duration of ophthalmologist reported that her vision 
! Source Diagnosis Duration of Remission lliness, yr was intact. Dropping things and salaam- 
uae B and Cirucal, biopsy; autopsy *w ep like attacks that caused her to fall 

Krucke” Clinical, autopsy Short intermittent peri- 9 increased to several a day ` 
ods in early years In August 1973, typical drop attacks 
Landau and Luse” Clinical, biopsy, autopsy 1st, starting 18 mo af- were observed. An EEG suggested SSPE 
ter onset, lasting > 2 (Fig 4). Gum mastic curve was 3221100000 
yr 2nd, starting 5 yr and IgG levels in the CSF were 6.8 mg/ml 
prende lasing (21% of the total protein). Complement 
Resnick et al? and Clinical, blopsy, EEG, fixation serum measles antibody titers 

Sever (oral commu- gold curve, measles were 1:128. 
nication, October antibody titers She was followed up in February 1974 at 
1975) home. Her condition continued to deterio- 
Zwozdziak" Clinical, EEG, gold rate after returning home and she showed 
webs itid decreased understanding and a reduction 
Dubois-Dalcq et al^ Clinical, biopsy, autop- Starting 18 mo after in spontaneous speech, became bedridden 
sy, EEG, CSF IgG onset, lasting > 8 yr as aresult of the myoclonic jerks. However, 
measles antibody ti- by October 1973, the patient's devilish 
ters behavior had stopped and the myoclonic 
*Patients in whom one or more substantial remissions occurred, but in whom a final relapse ended jerks were subsiding. 

in death. On physical examination, she could carry 


Arch Neurol—Vol 35, Aug 1978 Subacute Sclerosing Panencephalitis—Risk et al 499 





on a very simple conversation, she knew 
family members, named simple objects, 
knew the alphabet, was barely able to write 
her name and to read a few simple words, 
could add identical but not nonidentical 
digits, had difficulty in carrying out simple 
instructions, and showed perseveration of 
action. There were generalized hyperre- 
flexia, impaired rapid alternating move- 
ments, and a wide-based gait. Occasional 
extensor spasms lasted several seconds 
during which she was aphasic; the spasms 
included flexing the trunk at the waist, 
extending all extremities, and bowing the 
head. Myoclonic jerks were not apparent. 
The EEG was essentially unchanged (Fig 
4). The electroencephalographic bursts 
were coincident with almost imperceptible 
brief jerks of the head. The gum mastic 
curve was a series of ten zeros; CSF IgG 
levels were 6.4 mg/dl (12.8% of the total 
protein); CF measles antibody titers were 
less than 1:4 in the serum and 1:8 in the 
CSF. 

At follow-up in May 1975, the patient 
greeted us at the door, remembered who 
we were, and invited us in. Her conversa- 
tion was more advanced and she told us 
about family activities. She understood 
television programs to some extent. Exten- 
sor spasms (four to five times a day), which 
she did not remember, were preceded by 
feelings of dizziness, of something walking 
in her head, and of being off by herself. 
She could add identical digits spontaneous- 
ly and nonidentical digits on her fingers. 
She had constructional apraxia and could 
follow only simple instructions. She had 
impaired rapid alternating movements and 
hyperreflexia especially on the left side. 
Questionable jerks of the head occurring 
about five to ten times a minute needed an 
electroencephalographic correlate to con- 
firm their presence. 

Follow-up in June 1977 showed no 
substantial clinical changes. The extensor 
spasms were controlled by 400 mg of diphe- 
nylhydantoin daily. A repeated EEG (Fig 
5) showed no clinical correlates to the 
bursts, which had diminished amplitude 
but increased repetition rate. Complement 
fixation serum measles antibody titers 
measured at the NIH were 1:1,024 and 
hemagglutination inhibition titers were 
1:256. The total duration of illness from the 
onset of deteriorating schoolwork was four 
years and eight months. 

Case 6.—A boy, born in 1966, had uncom- 
plicated measles at the age of 2 years. He 
was doing well until the end of the third 
grade at the age of 7 years when he 
received a smallpox vaccination after 
which he became febrile. A week later, 
evening head nodding, falling spells, and 
difficulty in communicating developed. He 
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had two nocturnal clonic seizures. Other- 
wise, his condition remained unchanged 
until ten months later when the head- 
nodding spells increased to every few 
seconds during the next two months. At 
times, these attacks caused him to fall if 
not supported. An EEG showed general- 
ized bilateral synchronous bursts of slow 
waves every five to seven seconds. The 
gum mastic curve was 4444432100. Levels 
of IgG in CSF (12 mg/dl) were 50% of the 
total protein. Measles antibody titers were 
1:64 in the serum and 1:16 in the CSF. 
Seven months later, his condition was 
somewhat worse. Head nodding occurred 
at five to ten-second intervals. Out- 
stretched arms sagged during an attack 
and if they were not supported he collapsed 
to the floor with atonia. He still understood 
simple commands, tried to execute them, 
and tried to respond to simple questions. 
These efforts were interrupted by the 
atonia, and he would not resume where he 
left off when tone was regained. At times, 
he banged on the table with his fist strug- 
gling to respond. He was slightly dysarth- 
ric, fearful of innocuous objects, cried 
excessively at anything that frightened 
him, and was incontinent of urine. A 
second EEG showed generalized bilateral 
synchronous bursts of spike-wave com- 
plexes every four to eight seconds followed 
by a brief interval of burst suppression. 
Serum measles antibody titers were less 
than 1:4. 

Three months later, his dysarthria, 
which had become worse after his last visit, 
had subsequently improved, he had re- 
gained urinary continence, and his mobili- 
ty improved. The attacks caused him to fall 
less frequently. He played spontaneously 
with his siblings but was more forgetful 
than before. Complement fixation serum 
measles titers were greater than 1:256 and 
remained as high seven months later. For 
the next 29 months, his condition deterio- 
rated gradually and he responded mini- 
mally to simple questioning and com- 
mands. Irrelevant spontaneous speech be- 
came more prominent. However, communi- 
cability, urinary continence, and ability to 
walk short distances without support fluc- 
tuated a great deal every few to several 
weeks. Examined in August 1975, he was in 
his worst mental state, showing little 
ability to recognize those around him and 
to answer simple questions. He was some- 
times incontinent of urine and stools, but 
his ability to walk unassisted was better 
than the previous year. Results of neuro- 
logical examination were otherwise nega- 
tive. 

Follow-up in June 1977 showed contin- 
ued fluctuations in the aforementioned 
deficits until February 1977, when he 


began to walk using the wall for support. 
As the head nodding subsided, he walked 
progressively longer distances unassisted, 
and by May, he had only occasional falls 
and episodes of ataxia. Physical examina- 
tion showed a healthy, completely mobile 
boy with no evidence of head nodding. 
There were mild rigidity of the left upper 
extremity that was held slightly flexed at 
the elbow, mild drooling, and an ability to 
answer simple questions and to name some 
but not all common objects presented to 
him. He could not put on a pair of 
sunglasses, nor could he count the number 
of fingers presented to him, but he could 
read a few simple words and distinguish 
the largest denomination of several bank 
notes presented to him. He could not copy a 
circle or a square and he said sketches of a 
man and a bird were rabbits. No additional 
laboratory studies were performed at this 
time. The total duration of illness since the 
smallpox vaccination was four years. 


OTHER REPORTS OF 
SUBSTANTIAL IMPROVEMENT 
IN SSPE 


The first report that we could find 
that indicates substantial improve- 
ment, with adequate clinical and elec- 
troencephalographic evidence for the 
diagnosis of SSPE is that of Lorand et 
al? This case and 12 others in which 
fatal relapse did not occur are given in 
Table 3. 

There are six reports since 1950 in 
which substantial improvement was 
followed by relapse and death after 
5% or more years of illness. These are 
given in Table 4. The report of the 
patient described by Resnick et al?? is 
particularly well documented. 

Several reports exist of cases with a 
progressive downhill course ending in 
death after a duration as long as four 
to five years with or without superim- 
posed stable periods and improve- 
ments of various degrees and dura- 
tions. Often, these are mentioned only 
as part of a larger series.*?** We have 
shown in the analysis of our own 
cases! that the number of patients 
who survive less than six years can be 
represented by an exponential curve 
with a half-life of about 12 months, 
and the number of patients who 
survive six or more years is sub- 
stantially greater than would be 
expected by such an exponential 
curve. At least six patients who 
survived more than six years have 
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been described.**:?":*°*? Vander Zwaag 
et al? reported 9 (31%) of 29 patients 
survived more than six years. We have 
seen eight such cases of 118. 

Since the early 1960s, there are 
several other reports of remittent, 
chronic, and atypical cases diagnosed 
as SSPE. Three reports of nearly 
complete recovery ?*:^* are inadequate- 
ly documented. Seggiaro et al 
reported a case of eight years' dura- 
tion that clinically was probably SSPE 
but that electroencephalographically 
was not particularly characteristic. 
Alberca et al* and Nazor et al” 
described patients who experienced 
substantial improvement for three 
and seven years, respectively. The 
conditions of both patients subse- 
quently relapsed to a deteriorated 
state. Some reports*^** were not avail- 
able to us. 

Conversations with neurologists in 
the United States indicated that 
several cases may not have been 
reported. 


COMMENT 


Some of the laboratory findings in 
our eases are noteworthy. Case 2 was 
found after seven years to have a 
negative (< 4) complement fixation 
serum titer for measles. That this does 
not rule out the diagnosis of SSPE is 
evidenced by negative serum titers in 
cases 4 and 6 on one occasion, although 
the titers were elevated on other occa- 
sions. Fluctuations in titers have been 
observed in other patients in our 
series, especially the longer-lived pa- 
tients. Serum titers seem to be only 
partially correlated with clinical im- 
provement, whereas the CSF may 
indicate lingering infection. Some- 
what similar findings have been noted 
in the cases reported by Legg"! (serum 
titer dropped five years after onset of 
illness at a time of clinical remission), 
Resnick et al? (titers were lower but 
highly elevated at a time of clinical 
remission), and Mattson" (titers were 
still marginally elevated at a time of 
clinical remission). For case 5, as with 
some of our other patients with SSPE, 
an absolute elevation of the CSF titer 
in the presence of a low serum titer 
suggests local production of anti- 
bodies in the CNS. A reduced ratio of 
serum to CSF titers has also sug- 
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gested this. In four patients with 
SSPE,‘ this ratio ranged from 25 to 50 
for measles antibodies vs 80 to 160 for 
adenovirus. The ratios are available 
for cases 1,3, 4, 5, and 6, and are 16, 16, 
4, 0.5, and 4, respectively. 

Improvement in the EEG seems to 
be the rule in the case of remissions. 
However, our case 5 had progressive 
increase in burst repetition rate at the 
time when her clinical and serological 
pietures were improving. Like our 
case 1, Himmelhoch et al'* and Matt- 
son'^ reported a normal EEG in the 
presence of continued neurological 
deficits. For one patient in our series 
of 118, after three years of illness that 
has left him in a vegetative state, the 
EEG has returned within normal 
limits. Similar findings have been 
reported by Nagel et al. Hence, the 
improvement in the EEG may coin- 
cide only with a decreased activity of 
disease independent of neurological 
deficit and may not correlate with a 
specific degree of improvement of 
neurological function. 

Considering that the patient de- 
scribed by Dubois-Daleq et al’ had a 
relapse and died after ten years, 
relapse and death could in principle 
occur at any time after the initial 
recovery. Our case 3, like the case 
reported by Landau and Luse” illus- 
trates, further, that rarely more than 
one relapse with substantial recovery 
can occur. Whether these relapses are 
reinfections or reactivations of a 
single latent infection is still un- 
known. The latter possibility seems 
more likely in view of the several 
cases of continually elevated titers 
during clinical remission. 

In most patients showing sub- 
stantial remission, SSPE developed 
quite slowly, did not progress beyond 
stage 2, and became symptomatic at 
an older age. Two thirds (four) of the 
six patients became symptomatic at 
age 10 years or older vs one third of 
the remaining 112 (P~.05). This 
could mean that they had “mild” cases 
or that their immune system was in 
some ways less impaired than in other 
patients. 

The possibility must be considered 
of atypical patients who recover and 
in whom the diagnosis of SSPE is 
overlooked. Such patients may be 


difficult to find since it is usually the 
myoclonic jerks that suggest a diag- 
nosis of SSPE. Regular myoclonic 
movements characterized all of our 
patients and were the most prominent 
clinical feature of the illness once they 
appeared. None of our 118 patients 
and few patients in the literature 
were diagnosed prior to the onset of 
motor disturbances. However, the pa- 
tients described by Lorand et al? and 
by Cobb and Morgan-Hughes” did not 
exhibit these movements. The patient 
described by Himmelhoch et al,'* a 35- 
year-old woman, exhibited predomi- 
nantly psychiatric symptoms. Pettay 
et al^ emphasized the poor academic 
performance of several of their 
patients long before the appearance 
of typica! SSPE symptoms. Hence, 
there may be mild infections that are 
apparent only with minimal behav- 
ioral changes and slight mental dull- 
ness and that recover before the onset 
of motor abnormalities. Search for 
such patients among children display- 
ing behavioral and learning problems 
may be very fruitful. 

The possibility of subclinical infec- 
tions in illnesse: traditionally consid- 
ered to be invariably fatal has been 
raised by the work of Doege and 
Northrup.'* These authors show that 
individuals and animals in endemic 
rabies areas have elevated serum anti- 
body titers to rabies without known 
exposures to rabies and without signs 
of clinieal illness. However, until an 
antibody fraction specifie to SSPE is 
identified that does not cross-react 
with ordinary measles virus antigens, 
similar studies to establish immunity 
to SSPE in healthy individuals are not 
possible. To the extent that elevated 
measles antibodies in the CSF are 
specific to SSPE,* they may permit 
the identification of subclinical cases 
and of individuals immune to SSPE. 


CONCLUSIONS 


The occurrence of a sizable number 
of prolonged fluctuating courses of 
SSPE, including substantial long- 
term improvements has been firmly 
established. However, the question of 
whether SSPE is invariably fatal 
remains unanswered. The importance 
of the answer to this question for 
understanding the basic pathogenesis 
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of the disease and for interpreting the 
results of therapy ^'^^" makes it 
essential that long-term remissions be 
documented and followed up regu- 
larly. The possibility of recovery in 
atypical or even subclinical cases that 
may go undetected is another area 
where further study is needed. 
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Bromocriptine in Parkinsonism 


A Long-term Study 


Andrew J. Lees, MB, MRCP; Selim Haddad, FRCS; Kenneth M. Shaw, MB, MRCP; 
Ladislav J. Kohout, DPhil; Gerald M. Stern, MD, FRCP 


e Bromocriptine was given in a con- 
trolled trial to 86 parkinsonian patients. 
Eight of 30 previously untreated patients 
with early and mild disease showed 
sustained benefit for two years and did not 
develop “on-off” effects or dyskinesias. 
Only two of 23 patients unable to tolerate 
or failing to respond to levodopa benefited 
from bromocriptine. Thirty-three patients 
with residual disabilities despite maxi- 
mum tolerated doses of levodopa were 
also given bromocriptine: although bene- 
fit accrued, treatment was abandoned 
because of unacceptable side effects, and 
there was no improvement in the 11 with 
severe “on-off” disabilities. 

Although it was found that benefit from 
70 mg daily of bromocriptine was compar- 
able to that from 750 mg of levodopa with 
carbidopa, bromocriptine seems to offer 
no advantage to the majority of patients 
who have received or are receiving levo- 
dopa and/or carbidopa. 

(Arch Neurol 35:503-505, 1978) 


evodopa alone or in combination 
with a peripheral dopa decarbox- 

ylase inhibitor produces worthwhile 
and sometimes dramatic improve- 
ment in approximately 75% of pa- 
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tients with idiopathic parkinsonism. 
However, waning of response may 
begin after two years of sustained 
treatment, and by five years many 
patients are again approaching their 
premedication level of disability.’ 
Long-term side effects, which include 
dyskinesias, “on-off” effects, and psy- 
chiatric disturbances, become increas- 
ingly frequent as treatment contin- 
ues. 

In an attempt to extend and 
improve the period of effective medi- 
cal treatment, bromocriptine, an ergot 
polypeptide derivative, has been in- 
troduced. This long-acting, selective 
inhibitor of prolactin secretion proba- 
bly acts as a dopaminergic agonist 
with both presynaptic and postsynap- 
tie effects? It has been shown to 
possess potent antiparkinsonian prop- 
erties in animal models** and also in 
man, but its role in the treatment of 
parkinsonism is not yet established. 
This trial was designed to clarify the 
long-term value of bromocriptine in 
the management of Parkinson’s dis- 
ease. 


PATIENTS AND METHODS 


To facilitate assessment, patients were 
divided into four groups. Group 1 consisted 
of 30 patients with idiopathic disease who 
had not received levodopa treatment (mean 


age, 61 years; mean duration of disease, 
three years; mean stage, 2 Yahr classifica- 
tion). Group 2 consisted of 11 patients with 
idiopathic disease who had been desig- 
nated “levodopa failures” (mean age, 62 
years; mean duration of disease, ten years; 
mean stage, 3) and who were no longer 
taking levodopa. 

Group 3 consisted of 12 patients with 
chronic postencephalitic disease who were 
unable to tolerate levodopa (mean age, 60 
years; mean duration of disease, 42 years; 
mean stage, 4). Group 4 comprised 33 
patients already receiving maximum toler- 
ated doses of levodopa with or without 
carbidopa (mean age, 64 years; mean dura- 
tion of disease, ten years; mean stage, 3). 
Bromocriptine was also given to five 
patients with the Steele-Richardson- 
Olzewski syndrome and two with the Shy- 
Drager syndrome. Initial investigations 
included a complete blood cell count, blood 
urea level and electrolyte determinations, 
an electrocardiogram, and endocrine stud- 
ies including growth hormone and prolac- 
tin levels. Lumbar puncture was performed 
after informed consent in six previously 
untreated patients before treatment and 
again after three months’ treatment with 
bromocriptine. Each patient was given a 
loading dose of probenecid, 1 g every six 
hours for 48 hours, and rested in bed for 
four to six hours prior to lumbar punc- 
ture. 

Patients were seen at 14-day intervals 
by the same assessors, wherever possible in 
the presence of a close relative. The Web- 
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ster^ and Northwestern University’ disa- 
bility scales, supplemented by computer- 
ized tracking techniques, were used to 
assess disabilities, and patients with "on- 
off" effects were instructed in the use of a 
self-scoring diary. 

All patients were first given bromocrip- 
tine. An initial dose of 2.5 mg daily was 
increased by increments of 2.5 mg every 
third day up to 40 mg daily. Above 40 mg, 
increases of 10 mg were made twice weekly 
up to a maximum tolerated dose or an 
arbitrary upper limit of 120 mg daily. 

After a minimum period of four weeks of 
maximum dosage and at varying intervals 
(unknown to patient or assessor), placebo 
medication indistinguishable from bromo- 
criptine was given. Bromocriptine was 
then reintroduced two weeks later and 
continued for another month. At this stage 
the trial ceased for patients in groups 2, 3, 
and 4. In the previously untreated patients 
(group 1), levodopa with carbidopa was 
then added in an open manner and built up 
to an optimum tolerated dose over four to 
six weeks. After four weeks on maximum 
dosage of levodopa plus carbidopa and 
bromocriptine, placebo bromocriptine was 
reintroduced at a time unknown to the 
patients. Finally; bromocriptine therapy 
was recommenced and continued until the 
end of the trial. 


RESULTS 


The mean daily dose of bromocrip- 
tine was 70 mg in group 1, 57 mg in 
group 2, 47 mg in group 3, and 30 mg 
in group 4. All 30 patients in group 1 
completed the first phase of the trial 
with active and placebo bromocrip- 
tine. Eight had so little residual disa- 
bility at the end of this phase that 
levodopa plus carbidopa was not 
added. Five patients, who were subse- 
quently unable to tolerate bromocrip- 
tine in the long term, later did well on 
a regimen of levodopa plus carbidopa; 
17 patients in group 1 completed the 
whole trial. Results of the last three 
evaluations on those taking bromo- 
criptine and levodopa plus carbidopa 
were compared with those on patients 
taking placebo (Table 1). Two patients 
reduced their bromocriptine dosage at 
the end of the trial as they were 
unconvinced of benefit above 40 and 
45 mg, respectively. Three other 
patients deteriorated initially on 
doses below 10 mg daily before 
improving on higher doses of bromo- 
criptine. 

Although statistically significant 
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Webster Scale* 
Placebo 


Bromocriptine 
Difference 


Northwestern University Scaley 
Placebo 


Bromocriptine 
Difference 








Table 1.—Results in Group 1: All Phases (N = 17) 


No Levodopa 


12.38 


40.38 
42.38 
—2.00 


Levodopa Difference 
8.69 3.69 
6.77 2.77 
1.92 

43.00 —2.62 
44.38 —2.00 


—1.38 


* AII differences are significantly different from zero except that between bromocriptine alone and 
levodopa plus placebo bromocriptine. Levodopa and bromocriptine appear additive. 
TThe level of significance here is not as high as that seen on the Webster Scale. 


Table 2.—Mean Total Rating Scores for Different Groups Receiving 
Bromocriptine 


Webster Scale 


+ SD 
Group 1 
Active 8.23 
Placebo 11.45 


Group 2 
Active 
Placebo 


Group 3 
Active 
Placebo 

Group 4 
Active 
Placebo 


14.94 
16.24 


19.42 
19.58 


11.38 
12.38 


Northwestern University Scale 
D BESSER EDS REND No Ee 
Score + SD P 


Table 3.—Side Effects of Bromocriptine and Their Relative Frequency 


No. (96) of Side Effects 


Group 1 (N = 30) Groups 2 & 3(N = 23) Group 4 (N = 33) 


Nausea 15 (50) 
Visual hallucinations 6 (20) 
Dyskinesias 0 (0) 

Postural hypotension 5 (16) 
Dizziness 11 (38) 
Sedation 7 (24) 
Lethargy 10 (33) 
Urinary bladder dysfunction 4 (12) 
Anorexia 6 (20) 
Constipation 6 (20) 
Digital vasospasm 2 (7) 

Vasculitis 2 (7) 

Ergotism 1 (3.5) 
Nasal Congestion 4 (13) 
Vomiting 1.(8.5) 
Hematemesis 1 (3.5) 





results occurred in groups 1, 2, and 4 
(Table 2), in the majority of patients 
in groups 2 and 4 side effects were so 
frequent and disabling that treatment 
was abandoned. 

Cerebrospinal fluid results showed 
no statistically significant change in 
homovanillic acid (HVA) or 5-hydrox- 
yindoleacetic acid levels before treat- 


4 (17.5) 
3 (13) 7 (20) 
6 (25) 23 (70) 
2 (8.5) 3 (9) 
4 (17.5) 1 (3) 
4 (17.5) 1 (3) 
1 (4) 0 (0) 
3 (13) 1 (3) 
1 (4) 3 (9) 
1 (4) 1 (3) 
1 (4) 1 (3) 
0 (0) 0 (0) 
0 (0) 0 (0) 
1 (4) 0 (0) 
2 (8.5) 3 (9) 
0 (0) 0 (0) 


4 (12) 


ment and after continuous treatment 
with bromocriptine for three months, 
although with the exception of one 
patient all showed a slight fall in HVA 
levels. 


Side Effects 


The incidence and type of side 
effects were similar to those reported 
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in similar trials and to those seen with 
levodopa plus a dopa decarboxylase 
inhibitor (Table 3). Visual hallucina- 
tions were particularly common in 
patients already receiving levodopa, 
in one patient, distressing hallucina- 
tions persisted for seven days after 
bromocriptine withdrawal. Nausea 
and anorexia were frequent complica- 
tions although bromocriptine was tak- 
en immediately after meals, and 
hematemesis occurred in one patient 
who subsequently had a normal bar- 
ium study. As well as digital vaso- 
spasm in two patients and livedo in 
two, one patient developed classical 
ergotism. This was in a previously 
untreated woman who had taken 70 
mg daily with benefit for 18 months 
and who had no previous history of 
peripheral vascular disease. She devel- 
oped claudication with loss of pedal 
pulses and marked pallor of the digits 
and nose with associated burning 
sensations of the extremities. Gradual 
recovery of pulses occurred following 
cessation of bromocriptine therapy. 
Urinary bladder dysfunction with fre- 
quency and occasional incontinence 
developed, and abnormal movements 
were common in those patients who 
had received levodopa. Coexistent hy- 
pertension was adequately controlled 
in eight patients, permitting with- 
drawal of antihypertensive agents in 
two, but escape from this effect was 
frequent. During treatment, three 
chronic migraine sufferers were re- 
lieved of headache. 


COMMENT 


Calne and Teychenne and col- 
leagues** were the first to demon- 
strate the antiparkinsonian effect of 
bromocriptine in levodopa-treated pa- 
tients; subsequent trials in untreated 
patients confirmed this observa- 
tion.^" In a double-blind study, 
Gerlach" showed levodopa plus ben- 
serazide to be significantly superior to 
bromocriptine in a mean dose of 30 
mg, but suggested that higher dosage 
might produce better results. Kartzi- 
nel et al," in further studies using a 
mean dose of 79 mg daily, claimed 
that bromocriptine was marginally 
superior to levodopa and produced a 
mean 74% reduction in levodopa 
dosage with a 19% overall improve- 
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ment and a 50% amelioration of 
tremor. In the latter trial, partial 
substitution and not complete replace- 
ment of levodopa with bromocriptine 
occurred and comparison of efficacy 
was therefore difficult. Parkes et al," 
in a long-term study, showed a 20% to 
30% reduction in disability in both 
untreated and levodopa-treated pa- 
tients. They found it of little use in 
“levodopa failures” and no use in 
patients who had lost their response to 
levodopa. Lieberman et al, however, 
have recently claimed that bromocrip- 
tine given in very high doses can be of 
benefit to some patients who have lost 
all response to levodopa. Several trials 
have described improvement of "on- 
off” effects'''^ by partial substitution 
of bromocriptine for levodopa. 

Our results confirm that bromocrip- 
tine is an effective, rapidly acting 
agent, but only for a minority of 
previously untreated patients with 
idiopathic Parkinson's disease. Seven 
of our eight patients whose mild 
symptoms were almost totally re- 
lieved by bromocriptine have sus- 
tained their benefit for two years. Of 
the patients unable to tolerate levodo- 
pa preparations, only two of 23 have 
derived lasting benefit. Patients who 
are losing their response to levodopa 
derive little benefit, and those who 
have lost their response altogether, 
none at all. We were unable to demon- 
strate improvement of severe "on- 
off" disabilities following the addition 
or partial substitution of bromocrip- 
tine for levodopa. Bromocriptine was 
ineffective in the treatment of the 
Steele- Richardson-Olszewski syn- 
drome and markedly aggravated pos- 
tural hypotension in two patients with 
the Shy-Drager syndrome. 

Bromocriptine is a new and current- 
ly expensive preparation, and has no 
clear advantage over levodopa with a 
dopa decarboxylase inhibitor. For pa- 
tients unable to tolerate levodopa, 
those with disabling “on-off” fluctua- 
tions, or those losing their response to 
levodopa, bromocriptine would seem 
to have little to offer. However, the 
absence of "on-off" effects in eight of 
the 30 hitherto untreated patients 
following therapy with bromocriptine 
alone for two years (mean daily dose, 
80 mg) is encouraging. If this 


response can be confirmed in more 
patients treated for longer periods, 
and it can then be shown that such 
patients subsequently respond well to 
levodopa, then bromocriptine might 
become a useful initial treatment for 
patients with early Parkinson's dis- 
ease. 


Professor G. Curzon of the National Hospital 
for Nervous Disease, London, performed the CSF 
biochemistry studies. Sandoz Pharmaceuticals, 
Hanover, NJ, provided bromocriptine and place- 


bo. 


Nonproprietary Name 
and Trademark of Drug 


Bromocriptine mesylate— Parlodel. 
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Block Design Performance 


Following Callosal Sectioning 


Observations on Functional Recovery 


Joseph E. LeDoux, PhD; Donald H. Wilson, MD; Michael S. Gazzaniga, PhD 


e A patient with complete surgical 
section of the corpus callosum was tested 
on a constructional task 17 months post- 
operatively. The left and right hands were 
separately tested under conditions of free 
visual exposure and lateralized visual 
field exposure. The results suggest that 
the typically observed improved perfor- 
mance of the right hand with increasing 
postoperative time is attributable to the 
acquisition of homolateral control over 
the right hand by the right hemisphere. 
The implications for left-right brain orga- 
nization and the syndrome of construc- 
tional apraxia are considered. 

(Arch Neurol 35:506-508, 1978) 


Bom surgical section of the 
corpus callosum, split-brain pa- 
tients perform poorly on constructive 
tasks when using their right hands.’ 
For example, on the block design task, 
a sample design is visually examined 
and the subject is provided with four 
patterned cubes that are to be manu- 
ally arranged to form the design. The 
right hand is usually found to be much 
less efficient than the left on this 
constructional task. The implication of 
such observations is that constructive 
skills are poorly represented in the 
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left hemisphere. However, with in- 
creasing postoperative time, the right 
hand becomes more adept.’ This 
suggests that either the left hemi- 
sphere acquires constructive skills 
following disconnection from the 
right half-brain, or the right hemi- 
sphere comes to exercise homolateral 
control over the right hand. The 
following observations were aimed at 
elucidating the nature of this recovery 
phenomenon. 

The observations to be described 
involve a patient who was tested on 
the block design task one month after 
surgery.’ At this time, he showed the 
typical split-brain syndrome. The left 
hand completed more designs in a 
shorter period of time than did the 
right. The question addressed in this 
report was how would he perform 17 
months postoperatively on a lateral- 
ized version of the task. If recovery 
involves the acquisition of construc- 
tional skills by the left hemisphere, 
then the right hand should perform 
best when the designs are exposed to 
the left hemisphere. However, if 
instead the right hemisphere gains 
homolateral control over the right 
hand, then the right hand should 
perform best when the lateralized 
information is presented to the right 
hemisphere. 


REPORT OF A CASE 


The patient was a 16-year-old, right- 
handed boy. At about 2 years of age, he 
experienced a series of partial motor and 


generalized tonic-clonic seizures that were 
satisfactorily managed with anticonvul- 
sants. Subsequently, he apparently devel- 
oped normally until age 10, when complex 
partial seizures began and became intract- 
able. In. February 1976, at age 15, the 
patient was operated on for complete 
surgical section of the corpus callosum. A 
more complete medical history of this 
patient can be found elsewhere.* 

Neurological examination is best de- 
scribed in terms of the patient's disconnec- 
tion syndrome. In brief, each half visual 
field was full. Yet, because of the callosal 
surgery, information presented in the left 
visual field was not transferred to the left 
hemisphere, and consequently could not be 
verbally described by the patient. In the 
motor sphere, each hemisphere was easily 
capable of controlling the contralateral 
arm and hand. Each hemisphere could also 
contro] the ipsilateral arm, but good 
performance with fine control of the ipsi- 
lateral hand was not seen. The patient's 
general mental status did not change 
postoperatively and was in the low-normal 
range, as defined by the WAIS. 


METHOD 


The subject sat in front of a rear projec- 
tion screen. Prior to the initiation of each 
trial, he was instructed to fixate a small dot 
in the center of the viewing area. Subse- 
quently, a stimulus pattern was tachisto- 
scopically exposed for 100 ms in either the 
left or right visual field (left visual field 
exposure lateralizes visual input to the 
right hemisphere, and right visual field 
exposure lateralizes input to the left hemi- 
sphere). The order of visual field exposure 
was determined on a psuedorandom basis. 

The lateralized visual patterns consisted 
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of color slides of six block design patterns 
(Fig 1). In all, 24 trials were run. The six 
patterns appeared in each visual field 
twice. 

On each trial, a design was lateralized 
and the subject was required to construct 
the design, using the four patterned cubes. 
Each hand attempted to construct each of 
the six patterns after left and after right 
visual field exposure, thus accounting for 
the 24 trials. Hand use was switched every 
three trials in a counterbalanced order. 

Because this task is usually performed 
under free vision, where the subject is 
allowed to repeatedly compare his progress 
with the sample, repeated exposures of the 
lateralized patterns were allowed. So, if 
after the first exposure, the subject 
required another look at the pattern, the 
sample was again presented in the same 
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Fig 1.—Left and right hand performance under lateralized expo- 
sure conditions. Within each cell is shown whether design was 
completed correct (C) or incomplete or incorrect (I). Designs 
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visual field. No limit was set as to the 
number of times a design could be 
exposed. 

The performance of each hand was sepa- 
rately timed. Timing stopped during reex- 
posure to the sample. A total of 60 seconds 
was allowed on each trial. 

Two days after lateralized testing, the 
subject was tested in the traditional 
manner, using the same designs. The left 
hand was tested first. 


RESULTS 


The main results are shown in Fig 1. 
Following left visual field exposure, 
the left hand completed five of the six 
designs correctly and partially com- 
pleted the remaining design correctly. 
This was accomplished in 181 seconds 
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partially correct are depicted in appropriate cell. In addition, 
amount of time taken and number of exposures required in 
attempt to contruct design are shown in each cell. Totals of 
various measures for each visual field/hand combination are 


provided below each column. 
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Fig 2.—Left and right hand performance under free 
exposure conditions. Numbers in cells represent 
time (in seconds) required to construct designs. 


and with eight lateralized exposures. 
After left field exposure, the right 
hand completed three designs correct- 
ly and two others partially correctly. 
This required 247 seconds and 12 expo- 
sures. Following right field exposure, 
only one design was correctly com- 
pleted by each hand within the time 
limit. This was design 5, which the left 
hemisphere characterized as “easy, 
it’s a diamond.” The right hand failed 
to complete all other designs after 
right field exposure, and the left hand 
failed to complete four of the other 
designs, with design 3 being partially 
correct. The right hand reached its low 
level of proficiency in 355 seconds and 
with 15 exposures; the left hand 


LEFT HAND RIGHT HAND 
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required 287 seconds and 20 exposures 
after right field stimulation. 

Figure 2 shows the performance of 
the left and right hands in the condi- 
tion in which the subject was allowed 
to examine the sample patterns in 
free vision while constructing the 
designs. Both hands constructed all 
six designs correctly. The left hand 
had a clear time advantage (89 vs 128 
seconds). The efficiency of perfor- 
mance in this condition relative to the 
lateralized condition is most likely 
attributable to the ease of comparison 
of progress with the sample designs. 
Since this condition was administered 
after the lateralized trials, it could be 
argued that the more efficient per- 
formance was attributable to a prac- 
tice effect. However, there was no 
indication that either hand became 
more efficient during the lateralized 
test. 

In summary, under free visual expo- 
sure, the subject was able to construct 
all six block design patterns with ei- 
ther hand 17 months postoperatively, 
although more efficiently with the 
left hand. Under conditions of lateral- 
ized presentation, both hands per- 
formed poorly following right field 
(left hemisphere) exposure. While the 
left hand outperformed the right hand 
following left field (right hemisphere) 
exposure, the performance of the 
right hand was noticably better 
following left field exposure than 
following right field exposure. 


COMMENT 


The improved performance of the 
right hand of split-brain patients on 
the block design task with increasing 
postoperative time seems to be attrib- 
utable to an increased capacity of the 
right hemisphere to homolaterally 
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direct the constructive activities of 
the right hand. The inefficiency of 
homolateral control is indicated by the 
deficient performance of the right 
hand relative to the left hand follow- 
ing left visual field exposure. Yet, 
homolateral right hemisphere control 
is nevertheless substantially more 
efficient than left hemisphere guided 
performance with either hand. 

That the right hand loses much 
(though not all) of its capacity to 
perform on the block design task in 
free vision immediately after brain 
bisection suggests that the efficient 
performance of the right hand in 
normal subjects is highly dependent 
on commissural connections. Thus, the 
mechanisms involved in the recovery 
observed are not the same as those 
involved in the normal mediation of 
performance. 

The striking inability of the left 
hemisphere to mediate block design 
performance raises the question of 
what is lacking in the left hemisphere. 
In an earlier report, we showed that 
both hemispheres of this patient 
performed well on a perceptual match- 
ing test using the block design 
patterns.' This observation is consis- 
tent with observations on other split- 
brain patients? and suggests that the 
left hemisphere deficit is more in the 
realm of response production than 
stimulus perception. Consequently, we 
have suggested that deficits on the 
block design task are more appro- 
priately termed "manipulospatial," 
as opposed to the usual characteriza- 
tion of such defects as "visuospa- 
tial." 

While the left hemisphere thus 
seems to lack the capacity to perform 
on the block design task, as well as the 
ability to acquire this skill, damage to 
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Subacute Demyelinating Polyneuropathy 


Responding to Corticosteroid Treatment 


Shin Joong Oh, MD 


è Ten patients with subacute demyeli- 
nating neuropathy responded satisfactori- 
ly to corticosteroid treatment. The most 
prominent features in these cases were 
(1) subacute progression of diffuse poly- 
neuropathy over weeks and months, (2) 
high spinal fluid protein level, (3) marked 
nerve conduction abnormalities, and (4) 
high rate of relapse. The sural nerve biop- 
sy specimen showed “demyelinating neu- 
ropathy.”’ 

This subacute demyelination neuropa- 
thy appears to be a distinct and clinically 
identifiable entity in which corticosteroid 
treatment is indicated. 

(Arch Neurol 35:509-516, 1978) 


I 1958, Austin' reported a remark- 
able case of recurrent polyneurop- 
athy with dramatic response to vari- 
ous corticosteroid agents. Since then 
there have been a few additional 
reports describing corticosteroid-re- 
sponsive polyneuropathy.*-* 


In the past six years, my colleagues 


and I have observed ten cases of sub- 
acute demyelinating neuropathy that 
responded to corticosteroid treatment. 
We describe here the clinical, electro- 
physiological, and pathological find- 
ings of these cases. 


METHODS 


Mayer's method” was used for the study 
of nerve conduction velocity. The skin 
temperature of the patient's extremities in 
our laboratory ranged from 32 ?C to 34 ?C. 
When the value deviates more than two 
standard deviations from the mean, it is 
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considered abnormal. For the needle elec- 
tromyography (EMG) study, we used Buch- 
thal’s method." The mean duration of 
motor unit potential (MUP) is compared 
with his normal values. 

The sural nerve biopsy was done by the 
standard method." Paraffin sections were 
stained with hematoxylin-eosin, Gomori's 
trichrome, Luxol fast blue myelin, and 
Holme's silver stains. For histochemical 
studies of the nerve, we followed Morgan- 
Hughes and Engel’s method,? using 10- 
p-thiek frozen sections. Amyloid or meta- 
chromatie neuropathy was ruled out by 
congo red and cresyl fast violet stains, 
respectively. For calculation of nerve fiber 
density and distribution according to diam- 
eter, we followed O'Sullivan and Swallow's 
method.'* For teasing of the nerve fibers, 
we followed Dyck and associates' meth- 
od.'? 

To compare the degree of disability, we 
have devised a disability scoring system 
(Table 1). According to this system, 0 is 
normal and 20 is maximally disabled. The 
disability score is the total sum of scores of 
four different modalities. 

In all of these patients, diabetic, nutri- 
tional, toxic, porphyric, and vasculitic 


neuropathy were ruled out by appropriate 
tests. 


RESULTS 
Clinical Features 


There were three female and seven 
male patients, ranging in age from 11 
to 58 years (Table 2). All of these 
patients had slow progressive courses. 
Duration of progression from onset to 
maximal disability ranged from five 
weeks to one year. Antecedent non- 
specific infection was noted in two 
eases (No. 1 and 4). None of these 
patients had any family history of 
neuropathy. Except for cases 9 and 10, 
there had not been any similar prior 
episodes of neuropathy. We saw 
patients 9 and 10 at the time of the 
second relapse. 

The most common initial symptom, 
observed in six cases, was weakness of 
the legs. Weakness of the arms was 
the initial symptom in two cases and 
sensory symptoms in another two 
cases. 

Motor weakness was the chief 


Table 1.—Disability Score of Peripheral Neuropathy 


Sensory Functions 


Pain and Touch 
0 Normal 


1 Diminished (dim) to ankle or wrist; total loss to 


toes or fingers 


2 Dim to knee or elbow; total loss to midcalf or 


midforearm 


3 Dim to shoulder or hip; total loss to knee or elbow 


4 Total loss up to shoulder or hip 


Vibration and Position Sense 
Normal 
Dim to toes or fingers 


Dim to knee or elbow; total loss 
to ankle or wrist 


Dim to shoulder or hip; total loss 
to knee or elbow 


Total loss up to shoulder or hip 


Motor Functions 


(ee o 


Distal Muscles 
0 Normal 


1 Weak hand grip or toe movement; combined Medi- 
cal Research Council (MRC) score,'®9t 


No useful hand or toe movement; combined MRC 


score, 7-8t 





Yar ST ER CUN 
Proximal Muscles 
Normal 
Combined MRC score, 12-14* 


Combined MRC score, 8-11 


* Biceps, triceps, and deltoids; or hip flexor, quadriceps, and hamstring. 
T Forearm extensor and flexor, or plantar extensor and flexor. 
t More involved extremity, either leg or arm, is chosen for scoring. 
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complaint in eight patients while 
sensory symptoms predominated in 
two. Although the degree of impair- 
ment varied, all of these patients had 
classical findings of peripheral neu- 
ropathy: motor weakness, worse dis- 
tally; sensory impairment, worse dis- 
tally; and weak or absent muscle 
stretch reflexes. None of these pa- 
tients had any cranial nerve involve- 
ment, respiratory distress, or palpable 
thickened nerves. Fasciculation was 
observed in two cases. Mild atrophy of 
involved muscles was noted in three 
cases. 


Spinal Fluid Findings 


Protein concentration was elevated 
in seven patients, ranging from 58 to 
770 mg/dl, and normal in two. 
Lymphocyte count and glucose level 
were normal in all cases. Colloidal gold 
curve was abnormal in two cases and 
normal in one case. Electrophoresis of 
protein gave normal findings in two 
tested cases. 


Nerve Conduction Velocity 


Terminal latency was markedly pro- 
longed in all cases except case 6 (Table 
3). In general, mean terminal lateacy 
in all of the tested nerves was about 
three times normal. Terminal latency 
in peroneal and posterior tibial nerves 
ranged from 8.3 to 38.0 ms, while in 
median and ulnar nerves it ranged 
from 4.1 to 24.3 ms. To obtain the 
evoked muscle potentials, the longest 
duration and highest voltage of the 
stimulus pulse was necessary in most 
cases. The evoked muscle potentials 
were invariably small in amplitude, 
multiphasic, and prolonged in dura- 
tion. 

The motor nerve conduction veloci- 
ty (NCV) was remarkably slow in 
almost all cases. In general, mean 
motor NCV in all of the tested nerves 
was less than 50% of normal values. 
The motor NCV in peroneal and poste- 
rior tibial nerves was remarkably slow 
in all cases, ranging from 13.5 to 36.0 
m/s. The motor NCV over the forearm 
segment of the median and ulnar 
nerves was also remarkably slow in all 
cases, with a range of 15.0 to 40.0 m/s. 
The motor NCV over the upper arm 
segment of the median and ulnar 
nerves was slowed remarkably in nine 
cases and normal in one case. In case 
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Table 2.— 
rN meee 
1 2 3 
Sex/ Age at onset M/1!. M/56 M/ 58 
Duration from onset to 
maximal disability 3 mo 6 wk 1 yr 


Initial symptom 


Neurological findings 
Motor deficit* 


Weakness of legs 


Numbness and 
weakness of 
arms and legs 


Weakness of legs 














Upper extremity +++ + ++ 
Lower extremity ++ + +++ 
Sensory deficit* 
Upper extremity + + 
Lower extremity ++ ++ +++ 
Reflexest 
Upper extremity D D A 
Lower extremity A A A 
Fasciculation 
Atrophy of muscle + 
Cranial nerves 
Disability scores 15 9 15 
Antecedent events Rubella 
Previous attack 
Spinal fluid levels 
Protein, mg/dl 195 142 
Cells 4 0 
Steroid treatment 
Time of first 
clinical improvement 4 days 4 days 2 wk 
Daily maximum dosage, mg 60 100 10C 
Duration of treatment 1 yr 1 yr 6 mo 
Disability score at 
best improvement 0 0 4 
Disturbing side Swelling of legs » 
effects 


Maintenance dosage, 
mg every other day 


Follow-up period, yr 5 
Present status 


No relapse 


1.5 1 
No relapse No relapse 


* Plus signs indicate severity, from mild (+) to marked (+++). 


T D indicates decreased; A, absent. 
t Azathioprine, 100 mg/day, was added later. 


10, there was no recordable muscle 
potential by stimulation of the ulnar 
and median nerves at the elbow and 
axilla. 

Sensory nerve potential over the 
hand was not obtainable in eight 
cases. In case 5, sensory NCV in the 
ulnar and median nerves was slow. 
Sensory nerve potential in the sural 
nerve was also absent in four of the 
five tested cases. In case 9, sensory 
NCV in the ulnar, median, and sural 
nerves was normal. Mixed nerve 
potentials over the forearm and upper 
arm were absent in five cases. In 
three patients who had mixed nerve 
potentials, conduction velocity was 
slow except in patient 5, who had 
normal NCV over the median nerve. 
Thus, marked abnormality was noted 


in sensory and mixed nerve conduc- 
tion velocities. 


Electromyography 


Needle EMG showed typical find- 
ings of a widespread dene:vation 
process in all ten cases. Fibiillation 
and positive sharp waves were seen in 
all cases, more prominent in distal 
muscles. These abnormal spontaneous 
potentials were minimal in four cases 
(No. 2, 3, 6, and 9). Fasciculation was 
noted in four cases (No. 2, 7, 9, and 10). 
Mean duration of MUP was normal in 
five cases and increased in three. 
Mean amplitude of MUP ranged from 
857 to 2,163 nV. In two cases, the 
number of MUPs on minimal contrac- 
tion was too small to caleulate mean 
duration and amplitude of MUP. 
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summary of Clinical Features and Corticosteroid Treatment 


Case 
E a o 
4 5 6 7 8 9 10 
^ F/25 F/43 F/25 M/51 M/37 M/39 M/54 
3.5 mo 9 mo 6 mo 1 yr 8 wk 6 mo 9 mo 
Weakness of legs Weakness of Numbness ofthighs Weakness of fingers Weakness of legs Weakness of legs Weakness of arms 
left arm and legs 
++ ++ + +++ +++ + +++ 
+++ + +++ +++ ++ + +++ 
+ + ++ + + + 
++ +++ + + + 
A A A A A A 
A D A A A A A 
+ + 
+ + 
13 8 11 10 12 6 8 
Sore throat 
+ + 
770 37 86 95 155 43 58 
0 0 3 0 0 2 2 
4 days 4 wk 4 days 7 days 2 wk 3 days 2 wk 
100 150 60 100 100 100 100 
2mo 6 mot 1.5 yr 5 yr 5 yr 1.5 yr 4 yr 
4 0 <7 0 2 0 0 
Psychosis, Moon face, 
moon face chemical diabetes 
20 5 20 15 20 
1 4 1.5 6 6 1.5 4 
No relapse One relapse One relapse with One relapse with Two relapses with Corticosteroid- Four relapses with 
withdrawal of withdrawal of withdrawal of dependent withdrawal of 
corticosteroid; corticosteroid; corticosteroid; corticosteroid; 


corticosteroid- 


dependent 


Giant MUP was seen in two cases (No. 
7 and 10). The proportion of polypha- 
sic MUP was invariably increased in 
all cases. Marked reduction of recruit- 
ment of MUP was noted in all cases on 
maximal contraction. 


Histological Findings 


Sural nerve biopsy was done in all 
patients (Table 4). There was no histo- 
logical evidence of vasculitis, amyloid, 
or metachromatic substance. Perivas- 
cular or perineural infiltrations of 
inflammatory cells were not observed. 
In four cases in which histochemical 
staining with DPNH dehydrogenase 
was performed, there was no evidence 
of “myelin digestion chamber" sug- 

— gestive of Wallerian degeneration. In 
one case, onion-bulb formation was 
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corticosteroid- 
dependent 


noted (Fig 1). The density of myeli- 
nated fibers in five cases ranged from 
397/sq mm to 5,570/sq mm, which was 
compared with the control range of 
3,980/sq mm to 7,780/sq mm.’ In two 
cases, the density of myelinated fibers 
was less than the lower limit of the 
control range. In five cases in which 
the distribution of fiber in diameter 
was studied, the large fiber peak was 
absent in all cases, suggesting the 
predominate pathological  involve- 
ment of the large myelinated fibers. 
Examination of teased fiber prepara- 
tions in four cases disclosed that 12% 
to 33% of the teased fibers showed 
segmental demyelination (Fig 1). Ax- 
onal degeneration (coiling and/or 
clubbing of axon) was not seen in 
these cases. 


corticosteroid- 
dependent 


corticosteroid- 
dependent 


Luxol fast blue myelin and Holme’s 
axon staining showed varying degrees 
of demyeliation and relative sparing 
of axon in the demyelinated fibers. 


Corticosteroid Responses 


The follow-up period ranged from 
one to six years (Fig 2). In all ten 
cases, there was slow progression of 
neuropathy until corticosteroid thera- 
py was begun. Definite clinical im- 
provement was recorded in all cases, 
repeatedly in five cases. In all cases, a 
single daily dose of prednisone, 40 to 
150 mg, was given until definite clini- 
cal improvement was observed. This 
was followed by the single-dose, alter- 
nate-day program. Clinical improve- 
ment was manifested within one week 
in six cases, within two weeks in 
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Terminal latency, ms 
Forearm, m/s 
Arm, m/s 


Ulnar 
Terminal latency, ms 23.5 


Forearm, m/s 
Arm, m/s 


Peroneal 
Terminal latency, ms 


Leg, m/sec 


Posterior tibial 
Terminal latency, ms 38.0 


* No potentials present. 
+ No recordable muscle potential is noted although muscle movement is present. 


Table 3.—Nerve Conduction Velocities 
Case 
MM Á—— 


1 3 4 5 6 7 8 3 10 Mean+1SD Mean+1SD 
Sensory nerve conduction, m/s 
Median NP* NP NP NP 25.0 NP NP NP 42.4 NP 58.0 + 9.1 
Ulnar NP NP NP 23.2 NP NP NP 40.6 NP 55.4 + 8.4 
Sural NP NP NP 37.1 38.8+3.3 
Mixed nerve conduction, m/s 
Median 
Forearm NP NP NP NP 43.7 50.0 NP NP NP NP 62.4 + 8.0 
Arm NP NP NP NP NP 59.5 NP 18.4 40.7 NP 68.0 + 9.7 
Ulnar 
Forearm NP NP NP NP 44.4 45.9 NP 28.0 NP NP 61.8 + 8.3 
Arm NP NP NP NP NP 38.2 NP NP 38.7 NP 65.1 + 89 
Motor nerve conduction 
Median 


23.8 6.2 7.7 4.5 7.9 





NP 8.6 105 249 9.2 11.4 


Holme's Axon Stain 


Luxol Fast 
Blue Stain: 
Case Demyelination 


Axon 
Population 


Axon 
Degeneration: Routine Stains: 
Coiling or 
Clubbing 


Myelin 
Digestion 
Chambers 


Onion-Bulb 
Formation 


Histochemical Stains: 
Teasing Fibers: 


Demyelination,% No./sq mm 


Patient Normal 
































3.5 + 0.3 
61.1 = 8.5 


15.4 3- 11.7 
28.8 t 7.6 
28.9 + 14.6 










11.15. 6.8 
28.4 + 7.6 
22.6 + 11.4 









62.1 + 8.2 
64.3 + 8.3 









13.6=. 7.7 
23.9+ 7.4 





51.8+5.8 








17. S1T.2 
21.6 £ 5:0 





50.7 £ 7.1 


Kulschitsky Stain 


Density of Diameter of 

Myelinated Predominant 
Fibers, Myelinated 

Fibers, u 


Segmental 


1 Mild Normal = = = 
2 Moderate Mild decrease de 


Moderate 
decrease 


3 Severe 


" = 33 
= T = 397 6-11 


10 Moderate Mild decrease 


three, and within four weeks in one. 
In case 5, clinical improvement was 
initially minimal with prednisone 
therapy, but became dramatic when 
azathioprine was added. However, 
high-dose prednisone therapy pro- 
duced psychosis and moon face. 

During corticosteroid therapy, we 
encountered major side effects in 
three cases: swelling of the legs in 
case 3, psychosis and moon face in case 
5, and plethoric moon face and abnor- 
mal glucose tolerance in case 8, who 
has been receiving corticosteroids con- 
tinuously for six years. 

In the past, we made every effort to 
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discontinue corticosteroid therapy 
when there was substantial clinical 
improvement, in order to minimize 
side effects. Clinical exacerbation or 
relapse of neuropathy after corticoste- 
roid therapy was withdrawn was 
observed in cases 1, 6, 7, 8, and 10. 
When corticosteroid therapy was rein- 
stated, clinical response occurred in 
every case. Average duration of re- 
mission was about three months, with 
a range from one month to three 
years. 

We followed up nine cases with 
serial nerve conduction studies over 
one to six years. In general, nerve 


30 


conduction velocities improved with 
clinical improvement. In cases 1, 2, 
and 9, clinical improvement was 
accompanied by proportional electro- 
physiological improvement (for exam- 
ple, in the peroneal nerve of case 2, 
terminal latency was improved from 
28.8 to 11.0 ms and motor NCV from 
21.0 to 36.7 m/s). In others, electro- 
physiological improvement was mini- 
mal compared with clinical improve- 
ment. In cases 3, 5, 7, and 10, nerve 
conduction was grossly abnormal even 
when the patients were free of func- 
tional disability. In patients 1 and 2, 
whose nerve conductions were almost 
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normal at the time of corticosteroid 
withdrawal, there was no clinical 
exacerbation or relapse of neuropathy 
during the follow-up period of four 
and 1.5 years, respectively. In con- 
trast, nerve conduction was substan- 
tially abnormal in those cases (No. 5, 6, 
8, and 10) that showed clinical exacer- 
bation or relapse of neuropathy when 
corticosteroids were withdrawn. From 
this experience, we have maintained a 
low dosage of corticosteroid (predni- 
sone, 5 to 15 mg every other day) in 
cases 7 through 10 for two to six years 
regardless of clinical status, as long as 
nerve conduction was substantially 
abnormal. No major clinical exacerba- 
tion or relapse of neuropathy has 
occurred so far in these cases. 


COMMENT 
We have described ten patients 
with idiopathic polyneuropathy char- 
acterized by (1) subacute progression 
of neuropathy over weeks and months, 
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(2) marked nerve conduction abnor- 
malities, and (3) consistent clinical 
response to corticosteroid treatment. 
The sural nerve biopsy specimens 
showed demyelinating neuropathy. 
Thus, we term this polyneuropathy 
“subacute demyelinating polyneurop- 
athy.” 

The long-term observation of these 
cases suggests that there are two 
distinct groups: (1) monophasic poly- 
neuropathy and (2) relapsing polyneu- 
ropathy. Cases 1 through 4 belong to 
the former and cases 5 through 10 to 
the latter. Diagnosis of chronic relaps- 
ing polyneuropathy was possible in 
cases 9 and 10 at the time of initial 
evaluation because of a prior episode 
of polyneuropathy. Prineas*' and 
Dyck" had similar experiences. Pri- 
neas termed the monophasic group 
"subacute idiopathic polyneuropathy" 
and the relapsing group "recurrent 
idiopathic polyneuropathy.” Dyck" 
termed the former “chronic progres- 


A ; AVE a 

Fig 1.—A, B, and C, Case 6. Teased sural nerve fibers after staining with osmium tetroxide (A, x 400; B and C, 
x 100). D, E, and F, Case 2. Teased nerve fibers (x 100). Solid arrows indicate segmental demyelination in A 
through E and paranodal demyelination in F. Open arrows in F indicates remyelinated segment. G, Case 6. 
Transverse section of nerve (Kultschistky's hematoxylin, x 100). Substantial loss of large myelinated fibers and 
increase of small thinly myelinated fiber. H, Case 3. Transverse section of nerve (Kultschistky's hematoxylin, 
x 400). Arrows indicate '"onion-bulb formation." 


sive segmentally demyelinating neu- 
ropathy" and the latter “chronic 
relapsing segmentally demyelinating 
neuropathy." In 1975, Dyck et al" 
included these two groups under the 
term "chronic inflammatory polyra- 
diculoneuropathy." 

The clinical features that can be 
said to be typical of subacute demyeli- 
nating neuropathy in our series are 
summarized as follows: 

l. The neurological symptoms and 
signs were those of a diffuse predom- 
inantly motor polyneuropathy with 
subacute progression over weeks and 
months. Weakness was proximal as 
well as distal, with greater involve- 
ment distally. A complete loss of 
muscle stretch reflexes was an almost 
invariable finding. Some objective 
sensory impairment was also present. 
Muscle wasting was often less severe 
than that expected from the duration 
and severity of the paralysis. Cranial 
nerves were not affected in our series. 
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Antecedent history of infection or 
event was rare. There was no family 
history of a similar disease in any 
case. 

2. The spinal fluid protein level was 
high in most of the cases. The fluid 
was acellular in all cases. 

3. Marked nerve conduction abnor- 
malities were invariable findings. 
They were often more severe than 
would be expected from the duration 
and severity of paralysis. 

Mean terminal latency in all of the 
tested nerves was about three times 
longer than normal value, and mean 
motor NCV in all of the tested nerves 
was less than 50% of the normal value. 
Sensory and mixed nerve potentials 
were absent in the majority of cases. 
These electrophysiological findings 
are indi^ative of extensive segmental 
demyelination. We believe these ab- 
normalities are the most important 
objective clue suggestive of subacute 
demyelinating neuropathy. 

4, There was a high rate of relapse. 
In our cases, relapse occurred in two 
cases prior to the initial evaluation 
and in five cases during subsequent 
fcllow-up. Contrary to the widely held 
view, there is a group of patients with 
monophasic polyneuropathy. Mono- 
phasic polyneuropathy was noted in 
40% of our cases. 

Clinical features of our patients are 
surprisingly similar to those of Aus- 
tin’s patient with recurrent polyneu- 
ropathy in whom the attacks of neu- 
ropathy undoubtedly responded to 
corticotropin or corticosteroids.’ 
Further, they are quite similar to 
cases reported under the various titles 
of Guillain-Barré syndrome with slow 
progressive onset and persistent ele- 
vation of spinal fluid protein level,’ 
subacute idiopathic polyneuropathy,’ 
chronic relapsing or recurrent idio- 
pathic polyneuropathy,?* steroid-re- 
sponding or dependent neuropathy,’ 
and chronic inflammatory polyradicu- 


Fig 2.—Clinical improvement with cortico- 
steroid treatment in cases 1 through 10. 
Horizontal scale represents month and 
year of each evaluation. Vertical scale 
represents disability score (0, normal; 20, 
maximal disability) in upper portion and 
daily dosage of prednisone in lower 
portion. Broken line in case 6 represents 
period during which author was not direct- 
ly involved in treatment. 


Arch Neurol—Vol 35, Aug 1978 


loneuropathy (except duration of ill- 
ness to maximal disability).'* 

The 54 cases from the literature''* 
(excluding chronic inflammatory poly- 
radiculoneuropathy) were analyzed. 
There were 33 male and 19 female 
patients, ranging in age from 3 to 69 
years. Fourteen had a history of ante- 
cedent infection. Duration of illness 
up to maximum disability ranged 
from four weeks to 16 months in 50 
cases. Three cases had a three-week 
and one a two-year duration. Predomi- 
nant motor impairment was noted in 
37 cases and predominant sensory in 
three. In the other 14 cases, motor and 
sensory functions were equally im- 
paired. In 14 cases cranial nerves were 
affected, the facial nerve most com- 
monly. More than one relapse was 
noted in 47 cases, many developing 
after withdrawal of corticosteroid 
treatment. High spinal fluid protein 
levels were reported in 47 cases. Cells 
in the spinal fluid were increased in 
four cases. Thirty-three of 34 patients 
in whom quantitative information on 
nerve conduction was available 
showed marked slowing of nerve 
conduction. This analysis shows that 
the clinical features of chronic relaps- 
ing neuropathy or steroid-responding 
neuropathy are essentially similar to 
those of subacute demyelinating neu- 
ropathy, suggesting that we are deal- 
ing with the same disease entity. 

Dyck et al analyzed 53 patients 
with chronic inflammatory polyradic- 
uloneuropathy. Patients whose neu- 
ropathy had shown no improvement or 
was still worsening at six months 
after onset of illness and those with 
recurrent course were considered to 
have chronic inflammatory polyradic- 
uloneuropathy. Except for duration of 
illness to maximal disability, other 
clinical characteristics are similar to 
those of our series. 

The pathological hallmark of sub- 
acute demyelinating polyneuropathy 
is primary demyelination. This is 
shown by segmental demyelination in 
the fiber teasing and demyelination 
with sparing of axon in the myelin- 
axon staining. Segmental demyelina- 
tion was also shown to be the predom- 
inant lesion in all studied cases of 
steroid-responding neuropathy or 
chronic relapsing neuropathy. Addi- 
tionally, onion-bulb formation and 


perivascular collection of lymphocytes 
were reported in some cases. The 
marked abnormality of nerve conduc- 
tion in this polyneuropathy as well as 
the rapidity with which motor weak- 
ness recovers is explained by the 
essential pathological lesion, segmen- 
tal demyelination. 

As the pathological hallmark in 
chronic inflammatory  polyradiculo- 
neuropathy, Dyck et al'* described the 
serous ‘edema, perivascular and dif- 
fuse mononuclear cell infiltrates, and 
segmental demyelination with or 
without hypertrophic neuritis. Con- 
trary to the widely known observa- 
tions, including our own, they de- 
scribed “degeneration into rows of 
myelin ovoids" as the most frequent 
abnormality in the sural nerve. They 
assumed that the brunt of the patho- 
logie process in roots and proximal 
parts of nerves caused transection of 
nerve fibers and subsequently pro- 
duced Wallerian degeneration in a 
distal nerve. In the Guillain-Barré 
syndrome, segmental demyelination 
and presence of inflammatory cells 
have been described as the predomi- 
nant pathological lesions.”° 

In all of our cases, definite clinical 
improvement occurred with cortico- 
steroid treatment. Clinical improve- 
ment within a few days or weeks of 
corticosteroid treatment after slow 
progression of neuropathy over weeks 
or months is not likely to be due to a 
spontaneous remission. A consistent 
and predictable pattern of response to 
corticosteroids in repeated relapses or 
exacerbations in some cases also 
supports this view. 

Corticosteroid therapy has been 
used in various forms of polyneuropa- 
thy with varying results. In the Guil- 
lain-Barré syndrome, two controlled 
trials of corticosteroid therapy have 
been performed. Swick and McQuil- 
len's study? showed that the time 
from onset of illness to recovery was 
significantly less in patients treated 
with corticotropin. Frick and Angst- 
wurm?” also found that the rate of 
improvement was better in the corti- 
costeroid-treated group than in the 
control group. Prineas* reported an 
excellent result with corticosteroids in 
four cases of subacute idiopathic poly- 
neuropathy and no effect in chronic 
idiopathic polyneuropathy. Prineas 
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and McLeod’ also observed improve- 
ment with corticosteroid therapy in 
three cases of subacute idiopathic 
polyneuropathy. 

The most consistent and remark- 
able effectiveness of corticosteroid 
treatment has been reported in 
chronic recurrent or relapsing poly- 
neuropathy.'?-*5*.* The inherent diffi- 
culty with this concept is that it does 
not present clear-cut indications for 
corticosteroid treatment at the initial 
attack of polyneuropathy. Further- 
more, in many cases, there is some 
evidence to suggest that recurrence or 
relapse of polyneuropathy may occur 
on withdrawal of corticosteroids. We 
have had a similar experience in four 
cases. Dyck et al'? reported that there 
was no effect in 47%, improvement in 
39%, and worsening in 14% of 38 
patients with chronic inflammatory 
polyradiculoneuropathy who were 
treated with corticosteroids. 

Although our study included no 
controls, it suggests that corticoste- 
roid therapy is effective in improve- 
ment of clinical symptoms and sup- 
pression of relapse in a majority of 
cases of subacute demyelinating neu- 
ropathy. 

Diagnosis of this entity is based on 
the typical clinical features: (1) sub- 
acute progression of diffuse polyneu- 
ropathy, (2) high spinal fluid protein 
level, and (3) marked nerve conduction 
abnormalities. The most helpful objec- 
tive finding in diagnosis is marked 
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slowing of nerve conduction velocity. 
We believe these clinical characteris- 
ties can be used as indications for 
corticosteroid treatment in idiopathic 
polyneuropathy. The most important 
advantage of the present indications 
is that they can be applied at the 
initial attack of polyneuropathy and 
to monophasic as well as relapsing 
polyneuropathy. 

We believe subacute demyelinating 
neuropathy is an intermediate form of 
polyneuropathy, between the Guillain- 
Barré syndrome and chronic relapsing 
neuropathy. This term should be 
reserved for monophasie neuropathy 
and the first attack of relapsing 
neuropathy, when three diagnostic 
criteria are fulfilled. Once relapse is 
confirmed, the diagnosis of chronic 
relapsing neuropathy may be more 
appropriate. 

We believe there is a_ possible 
common pathogenetic mechanism for 
the Guillain-Barré syndrome, sub- 
acute demyelinating neuropathy, and 
chronic relapsing neuropathy. Howev- 
er, we view subacute demyelinating 
neuropathy as a distinct clinical enti- 
ty. This separation is clinically useful 
because the natural history is differ- 
ent and there are many clinical, elec- 
trophysiological, and therapeutic dif- 
ferences. In the Guillain-Barré syn- 
drome, rapid progression of illness, 
the frequent history of antecedent 
infection, frequent occurrence of 
cranial nerve involvement, less 
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Periventricular Leukomalacia 


Clinicopathological Study of Four Cases 


Jacques L. De Reuck, MD, Henri M. Vander Eecken, MD 


è The pathological findings in four 
patients with courses characterized by 
acute coma and respiratory insufficiency 
occurring in obscure circumstances are 
presented. Carbon monoxide intoxication 
was excluded. After an early partial recov- 
ery from coma, the patients remained in a 
persistent vegetative state, with a tetrapy- 
ramidal syndrome. Pathologic changes 
consisted of infarction and demyelination 
of periventricular white matter, with asso- 
ciated necrotic foci in the basal ganglia in 
some cases. 

We propose that the prolonged hypoxia 
and ischemia produce a “no reflow” 
phenomenon causing brain edema (more 
pronounced in the white matter); this 
resulted in infarctions of white matter in 
the periventricular arterial end and border 
zones. 

(Arch Neurol 35:517-521, 1978) 


phe leukomalacia is a 
common neuropathological entity 
in the infant, resulting from ischemic 
infarction in the periventricular arte- 
rial end and border zones at birth.' In 
the adult, its occurrence is rare. 
However, it has been described in a 
case of carotid thrombosis associated 
with pulmonary edema, in one of 
meningocortical arteriovenous mal- 
formation,’ and in other cases of late 
radiation encephalopathy.’ The fol- 
lowing four cases display the same 
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pathological features, although their 
origin remains obscure. 


MATERIALS AND METHODS 


The brain was fixed in a 4% formalde- 
hyde solution. Paraffin-embedded sections 
were stained with hematoxylin-eosin, 
phosphotungstie acid hematoxylin, cresyl 
violet, Bodian’s silver method, and Heiden- 
hain-Woelcke’s method for myelin. 


REPORTS OF CASES 


Case 1.—A 78-year-old woman was 
admitted to the university hospital in a 
coma. The day prior to admission, she had 
appeared to be in good health. The neuro- 
logical examination showed brisk tendon 
reflexes, and Babinski signs were present 
bilaterally. Although she was hypotonic, 
the four limbs were moved on painful 
stimulation. The optic fundi and the cranial 
nerves were normal. 

Laboratory studies, including blood ana- 
lyses, chest roentgenogram, and ECG, 
showed no abnormalities except for tachy- 
cardia. The blood pressure was 90/60 mm 
Hg. The carboxyhemoglobin level was 3%, 
and toxicologic and CSF analyses showed 
no abnormalities. 

The patient was treated with oxygen 
and digitalis. The same day she had a short 
period of difficulty in breathing, auricular 
tachycardia, and sudden fall in blood pres- 
sure, which was quickly restored with a 
dextran 40 infusion. Her breathing was 
assisted by respirator. In a few days the 
patient became alert, although she re- 
mained bradykinetic. A progressively in- 
creasing lead-pipe rigidity of the four 
limbs with very brisk tendon reflexes and 
presence of Babinski signs developed. The 
EEG showed continuous triphasic waves. 
Results of a radioactive brain scan were 
normal. Several blood analyses showed no 
abnormalities, except for an increased 
sedimentation rate and leucocytosis. 


in Adults 


After the 12th hospital day, the course 
was characterized by numerous instances 
of aspiration bronchopneumonia, with se- 
vere hypoxic episodes and increasing 
stupor leading to coma and death one 
month later. Necropsy disclosed severe 
coronary atherosclerosis with several small 
cardiac infarcts and bronchopneumonia. 

The fresh brain weighed 1,275 g. There 
was pronounced atherosclerosis of the 
arteries at the base of the brain, without 
stenosis or occlusion. The dura, the dural 
sinuses, and the external surface of the 
cerebral hemispheres showed no abnormal- 
ities. Coronal sections showed several small 
and confluent necrotic foci near the 
ventricular wall and in the central white 
matter of the frontal, parietal, and occipi- 
tal lobes. The basal ganglia and the cere- 
bral cortex appeared macroscopically to be 
spared. Horizontal sections of the brain 
stem and the cerebellum showed no abnor- 
malities. 

Microscopically, the central white matter 
of the cerebral hemispheres contained a 
diffuse area of demyelination, with loss of 
oligodendroglial cells and with prolifer- 
ation of protoplasmic astrocytes. Lytic 
areas filled with macrophages were pres- 
ent at a 2- to 3-mm distance from the 
ventricular wall. The white matter under- 
neath the ependyma and the arcuate fibers 
were spared (Fig 1). In addition, small lytic 
areas filled with fatty macrophages were 
observed in the right parietal cortex, in an 
arterial border zone distribution, and in the 
left globus pallidus. 

The cerebral cortex, including the hippo- 
campus, thalamus, brainstem, and cerebel- 
lum, were normal. The perforating arteries 
displayed no abnormalities. 

Case 2.—A 63-year-old alcoholic man was 
admitted to the hospital in a stupor. The 
neurological examination, including fun- 
duscopy, showed no other abnormalities. 
The blood glucose level reached 10 g/liter, 
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Fig 1.—Case 1. Coronal sections of white 
matter at external angle of right frontal 
horn (left) and at level of occipital horn 
(right) shows diffuse demyelination of 
central white matter with lytic areas 
(arrows) located 1 mm from ventricular 
wall. Corpus callosum, cerebral cortex, 
arcuate fibers, caudate nucleus, and small 
band of white matter under ependyma are 
spared (arrowheads) (myelin stain, origi- 
nal magnification »x 5). 


and the urine contained a large amount of 
glucose and acetone. The patient was 
immediately treated with a physiological 
saline infusion, insulin, and vitamin B 
complex. 

After initial complete recovery of con- 
sciousness, he became comatose again two 
days later. The blood glucose value was 
then 0.4 g/liter. The same day, he was 
transferred to the university hospital. 
Glucose was administered intravenously, 
and one hour later the glucose level reached 
3 g/liter. He became more alert but 
remained in a global confusional state 
during the next few days. Results of the 
neurological examination were otherwise 
normal. 

Four days later he became more 
obtunded, with spasticity of the right arm, 
bilateral brisk tendon reflexes (more 
pronounced on the right), and bilateral 
Babinski signs. The cranial nerves ap- 
peared to be intact. On painful stimulation, 
decerebrate rigidity on both sides devel- 
oped. He needed assisted respiration. At 
that time, there was no evidence of severe 
metabolic disorder and the blood glucose 
concentration was 2 g/liter. The arterial 
oxygen pressure was 56 mm Hg; carbon 
dioxide pressure, 24 mm Hg; and pH, 7.14. 
The EEG showed diffuse ô and 6 activity, 
with flattening of the pattern in the left 
temporoparietal region. The CSF examina- 
tion and bilateral carotid and vertebral 
angiograms showed no abnormalities. 

The next day he was more responsive but 
remained spastic in all limbs, without clear 
involvement of the cranial nerves. The 
course was characterized by numerous 
instances of bronchopneumonia, while the 
neurological state remained unchanged 
until his death one month after admis- 
sion. 

Only the brain was available for post- 
mortem examination. It weighed 1,300 g in 
the fresh state. The arteries at the base 


Fig 2.—Case 2. Coronal sections of cere- 
bral hemispheres at level of frontal (top) 
and parietal (bottom) lobes. Many lytic 
areas are present in deep central white 
matter (arrows) and in globi pallidi (arrow- 
heads). Cerebral cortex remains spared. 
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filled with fatty macrophages and surrounded by loosely arranged glial tissue, with 
increased number of astrocytes (hematoxylin-eosin, original magnification x 160). 











Fig 4.—Case 3. Coronal section of frontal lobes, with several lytic zones in periventricular 
white matter located several millimeters from external angle of frontal horn (arrows). 
Similar necrotic focus is present in left putamen (arrowhead). 


showed severe atherosclerosis, without ste- 
nosis or occlusion. Coronal sections dis- 
closed many small necrotic foci in the deep 
central white matter of the frontal, parie- 
tal, and occipital lobes, and, to a lesser 
degree, of the temporal lobes. The white 
matter beneath the ependyma and the 
arcuate fibers appeared to be spared. In 
addition, large, ill-defined areas of necro- 
sis, some of it having a hemorrhagic ap- 
pearance, were present in the globi pallidi, 
caudate nuclei, and splenium of the corpus 
callosum (Fig 2). The thalamus and the 
cerebral cortex appeared normal. The 
mammillary bodies were well developed. 
The entire ventricular system was mildly 
enlarged. Horizontal sections of brain stem 
and cerebellum showed no abnormalities. 

On microscopic examination, the necrotic 
areas appeared to contain lytie material 
and a large number of fatty macrophages 
surrounded by glial cells (Fig 3). The perfo- 
rating arteries showed sclerosis without 
oeclusion but with some mild infiltration 
by lymphocytes and plasma cells. In addi- 
tion to the lytic zones, the deep white 
matter contained diffuse demyelinated 
areas that spared only the arcuate fibers 
and a small band of white matter under the 
ependyma. No noteworthy changes were 
observed in the cerebral cortex, (including 
the hippocampus), thalamus, hypothala- 
mus, mammillary bodies, brainstem, or the 
cerebellum. 

Case 3.—A 57-year-old woman was found 
at home in a coma; she had diffieulty in 
breathing. She was admitted to a local 
hospital and received respiratory assis- 
tance. A diagnosis of cardiac infarct was 
made, based on the results of an ECG. The 
earboxyhemoglobin level was 0%. Since 
she remained comatose and needed contin- 
uous respiratory assistance, she was trans- 
ferred to the university hospital four days 
later. 

No focal neurological deficits were 
found. The ECG showed an anteroseptal 
infarct with left bundle-branch block. The 
chest roentgenogram showed pulmonary 
congestion and possibly bronchopneumo- 
nia. The results of blood gas determina- 
tions were compatible with a diagnosis of 
metabolic alkalosis. The CSF was normal. 
The next day, the patient experienced 
decerebrate posturing on painful stimula- 
tion. The tendon reflexes were symmetri- 
cal and brisk; Babinski signs were present. 
The cranial nerves appeared to be intact. 
The optic fundi were normal. Bilateral 
carotid and vertebral angiograms indi- 
cated no abnormalities. The EEG showed 
diffuse slowing and disorganization. The 
neurological state remained unchanged 
during the next five days, when the patient 
became more alert and could be removed 
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Fig 5.—Case 3. Horizontal section of pons 
and cerebellum shows diffuse demyelina- 
tion of zones adjacent to enlarged fourth 
ventricle (myelin stain, original magnifica- 
tion x5). 


from the respirator. She continued in this 
vegetative state with a tetrapyramidal 
syndrome and without cranial nerve 
involvement until her death, due to bron- 
chopneumonia, occurred 11 days later. 

Necropsy disclosed bilateral massive 
bronchopneumonia. There was left ventric- 
ular hypertrophy, but a cardiac infarct was 
not found. 

The fresh brain weighed 1,405 g, and the 
external examination was normal. The 
arteries at the base of the brain displayed 
severe atherosclerosis, without stenosis nor 
occlusion. Coronal sections disclosed many 
well-defined lytic areas in the deep white 
matter of the frontal, parietal, and occipi- 
tal lobes located a few millimeters’ 
distance from the ventricular wall, and in 
the putamen and globus pallidus on both 
sides (Fig 4). 

The entire ventricular system was mildly 
dilated. The cerebral cortex appeared to be 
spared. Horizontal sections of the brain 
stem and cerebellum showed only a moder- 
ate dilation of the Sylvian aqueduct and of 
the fourth ventricle. 

The microscopical examination showed 
not only lytic areas filled with fatty macro- 
phages and surrounded by glial cells and 
fibers, but also large, confluent areas of 
demyelination with loss of oligodendroglia 
in the surrounding deep white matter. The 
arcuate fibers and the white matter 
beneath the ependyma were spared. In the 
brain stem and the cerebellum, an ill- 
defined zone of demyelination was ob- 
served, adjacent to the ventricular wall 
(Fig 5). Except for a mild loss of Purkinje 
cells of the cerebellum, the other cerebral 
structures were spared. 
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Fig 6.—Case 4. Coronal section of frontal lobes shows cystic necrosis (arrows) at 
external angle of frontal horns and ill-defined grayish zones more superficially in central 
white matter (arrowhead). Cortex and basal ganglia are spared. 


Case 4.—A 40-year-old man with a histo- 
ry of recurrent depressive states had 
undergone a right nephrectomy for septic 
hydronephrosis. Except for the elevated 
temperature of the patient, the operation 
and induction of anesthesia were apparent- 
ly uneventful: no acute blood pressure fall 
nor abundant blood loss occurred. The post 
operative course was normal until the 17th 
hospital day, when the patient suddenly 
went into a catatonic-like stupor, with 
bilateral brisk tendon reflexes, positive 
Babinski signs, and myoclonic jerks of the 
left arm. Respiratory assistance was 
required. Laboratory and toxicological 
screening tests showed no abnormalities. 
The CSF and optic fundi were normal. 

The next day, the patient had two gener- 
alized convulsions and became comatose. 
Carotid angiography disclosed no abnor- 
malities. The EEG showed generalized ó 
and 6 activity. The radioactive brain scan 
showed a mild focus of increased activity in 
the left occipital region. A vertebral angio- 
gram was suggestive of a mass lesion in 
the region of the fourth ventricle, but 
positive contrast ventriculography was 
normal. The patient remained in coma for 
15 days and needed continuous assisted 
respiration because of several periods of 
aspiration pneumonia. When he became 
more alert, he was hypotonic with brisk 
tendon reflexes and bilateral Babinski 
signs. The cranial nerves appeared to be 
normal. He could move his four limbs 
slightly on painful stimulation. He re- 
mained in a vegetative state until death, 


one month later, which resulted from 
massive gastrointestinal bleeding and sev- 
eral periods of bronchopneumonia. 

Necropsy disclosed bronchopneumonia 
and a massive hemorrhagic peritonitis due 
to a perforated duodenal ulcer. 

The fresh brain weighed 1,100 g and 
showed no external abnormalities. The 
arteries of the circle of Willis appeared 
normal. Coronal sections disclosed small 
cystic lesions located in the deep white 
matter near the ventricular wall of the 
frontal, parietal, and occipital lobes, and 
also some ill-defined grayish zones more 
superficially (Fig 6). The ventricular 
system was normal. The cerebral cortex, 
basal ganglia, and thalamus were normal. 
Horizontal sections of the brain stem and 
sagittal sections of the cerebellum showed 
no abnormalities. 

The cystic lesions in the periventricular 
white matter contained a few fatty macro- 
phages. They were surrounded by a diffuse 
area of demyelination and of partial axonal 
destruction, which contained a few fibril- 
lary astrocytes and also some macro- 
phages. These lesions were most pro- 
nounced in the deep white matter and 
spared the arcuate fibers. The perforating 
arteries were normal. The other brain 
structures displayed no substantial 
changes histologically. 


COMMENT 


These four cases have in common 
the occurrence of deep coma with 
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cardiopulmonary distress after an 
initial rather unclear event: probable 
cardiac arrhythmia and hypotension 
in case 1, alternating hyperglycemia 
and hypoglycemia in case 2, cardiac 
infarct in case 8, and possible late 
complication of anesthesia in case 4. 
All patients required assisted respira- 
tion for long periods and remained, 
after an initial partial recovery of 
consciousness, in a persistent vege- 
tative state with a tetrapyramidal 
syndrome.’ The occurrence of a free 
interval between the initial event and 
the neurological syndrome, as in cases 
2 and 4, has already been described in 
leukoencephalopathies of hypoxic- 
ischemic? and traumatic origin.’ 
Neuropathologically, the cases have 
in common the location of necrotic foci 
in the periventricular arterial end and 
border zones,’ while in the less distant 
arterial end-fields of the white mat- 
ter, only demyelination is observed; 
the overlying cortex and arcuate 
fibers, depending on a more superfi- 
cial and separated arterial supply,’ are 
spared. As to the lesions in the basal 
ganglia, observed in three cases, they 
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could also be considered as end-zone 
infarcts by the particular angio-archi- 
tecture of these nuclei," which makes 
from each perforating branch a typi- 
cal end artery." In the same way, 
the cortical necrotic lesion, found in 
the first case, is a typical border zone 
infarct.” 

Based on their location and on their 
microscopical appearance, all these 
lesions can be considered to have an 
ischemic origin, due to a global circu- 
latory insufficiency. 

The neuropathological findings in 
these cases resemble those observed in 
carbon monoxide poisoning,'*'5 pro- 
longed hypoxia as a result of anesthe- 
sia accidents,^'* several types of 
intoxication,” and head injury.^^ 
Feigin and colleagues? believe that 
this type of leukoencephalopathy is 
the result of hypoxia and edema of the 
white matter, while Lindenberg** con- 
siders the white matter lesions as 
border zone infarcts. Experimental 
studies in cases of carbon monoxide 
intoxication? have shown that there 
is a good correlation between the 
extent of the white matter lesions and 
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the degree of metabolic acidosis and 
hypotension. In the human cases of 
hypoxic-ischemie — leukoencephalopa- 
thy, there are prolonged instances of 
hypoxemia, periods of hypotension, 
and metabolic imbalance.” 

These different hypotheses are not 
incompatible with each other, since it 
has been shown that severe and 
prolonged ischemia produces edema of 
the endothelial cells of the cerebral 
capillaries and swelling of the astro- 
cytic feet; this results, after correction 
of the ischemia, in a “no reflow” 
phenomenon.***° 

As all these patients had prolonged 
episodes of hypoxia and ischemia, 
which can produce a state of “no 
reflow” and of brain edema, the latter 
being more important in the deep 
white matter, the occurrence of even 
delayed necrosis, most pronounced in 
the periventricular aterial end and 
border zones, seems to offer an 
acceptable explanation for the occur- 
rence of this clinicopathological enti- 
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Fink-Heimer/Nauta Demonstration 


of Regenerating Axons 
in the Rat Spinal Cord 


Karl R. Feringa, MD; Sam W. Davis, MD; H. Lee Vahlsing, MD; Lawrence M. Shuer 


e Six months after complete spinal cord 
transection, regenerated descending mo- 
tor axons can be found by electrophysio- 
logic testing and can also be demon- 
strated anatomically using the Fink-Heim- 
er/Nauta technique. Regeneration was 
found in all animals, treated or control, 
but statistically significant increased re- 
generation as measured by the Fink- 
Heimer/Nauta technique was found in 
animals treated with a single injection of 
75 mg/kg of cyclophosphamide 24 hours 
after the original spinal cord transection. 
This result is similar to those of another 
study using the orthograde axonal trans- 
port of tritiated proline as a measure of 
axonal regeneration. The mode of action 
of cyclophosphamide may be by its immu- 
nosuppressive properties because this 
drug is most effective when administered 
24 hours after cord transection, a time 
when its effects as an immunosuppres- 
sant would be maximal. 
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lectrophysiologic studies from 
this laboratory have demon- 
strated that regeneration of long 
descending motor tracts of the rat 
after spinal cord transection can be 
encouraged by various immunosup- 
pressive treatments.’ Tritiated pro- 
line studies of slow axoplasmatic flow 
have provided supportive evidence 
that treated animals have greater 
regeneration of corticospinal tracts.° 
A variety of treatments have been 
used in these animals, but best results 
were obtained in animals treated with 
a single injection of cyclophospha- 
mide, 75 mg/kg, within 24 hours after 
cord transection. Recovery was not 
sufficient to permit normal walking 
movements in any animal in which the 
spinal cord transection was verified as 
complete either visually at the time of 
surgery or by histologic confirmation 
at the end of the experiment. 

In earlier experiments,'? our ef- 
forts to enhance central nervous 
system regeneration by inducing tol- 
erance to CNS antigens with a neona- 
tal injection of homogenate of spinal 
cord were mostly unsuccessful. How- 
ever, Paterson* has demonstrated that 
treatment of newborn rats with an 
injection of CNS tissue provides a 
lasting tolerance to CNS antigens. As 


a result, treated animals, as adults, 
are less susceptible to experimental 
allergic encephalitis. The work of 
Lynch’ indicates the possibility that 
axons will not grow into an area occu- 
pied by newly degenerating axons. 
For this reason, in one group of 
animals in this experiment we at- 
tempted to induce tolerance to newly 
degenerating spinal cord, postulating 
that the antigenic properties of 
degenerating CNS tissue might differ 
from those of normal cord tissue. 

This experiment was also designed 
to provide histologic evidence that 
descending, presumably motor, tracts 
were responsible for our electrophys- 
iologic results. 


MATERIALS AND METHODS 


Isogeneic rats derived from Wistar stock 
that were inbred for 75 generations or 
more were used in the experiment. Skin 
transplantation studies demonstrated that 
the animals were isogeneic. Only female 
animals were used because of the urinary 
tract complications after spinal cord tran- 
section in males. 

Spinal cord transections were performed 
in 6-week-old animals under ether anesthe- 
sia; the animals weighed approximately 
125 g each. A small laminectomy was made 
at level T-7 or T-8, and the cord was 
completely transected with a scalpel. Two 
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investigators visually confirmed the com- 
pleteness of the transection, using local 
suction to remove blood and gentle traction 
on the tail and skull. The wound was then 
closed in layers after hemostasis had been 
assured. The cord ends either touched or 
had a gap of, at most, 1 mm between distal 
and proximal ends. All animals were 
completely paraplegic after surgery. 


Treatment Groups 


Group A was a control group of 12 rats 
that received no treatment prior to spinal 
cord transection and a single injection of 
saline one hour after cord transection. No 
further treatment was administered. 

Group B rats (18 animals) were injected 
intraperitoneally on day 1 of life with 0.2 
ml of a homogenate prepared from injured 
rat spinal cord. Animals from which spinal 
cord tissue was to be obtained were first 
subjected to high spinal cord transection. 
They were allowed to survive ten days 
before the distal degenerating spinal cord 
was removed and the tissue homogenized. 
The homogenate was used to induce toler- 
ance as previously described.'^? 

Group C (15 animals) received no treat- 
ment prior to spinal cord transection. One 
hour after spinal cord transection, they 
received a single intraperitoneal injection 
of 75 mg/kg of cyclophosphamide. 

Group D (12 animals) received no treat- 
ment prior to spinal cord transection. 
Twenty-four hours after spinal cord tran- 
section, they received a single injection of 
75 mg/kg of cyclophosphamide in saline. 
The delay in treatment was an effort to 
maximize drug effect on developing clones 
of immunologically competent cells. Twen- 
ty-four hours after exposure to antigen, 
stimulated immunocytes would be most 
rapidly dividing and therefore most sus- 
ceptible to the toxic effect of cyclophos- 
phamide.*-' 


Postoperative Care 


Following spinal cord transection, the 
animals were placed in individual cages. 
Bladders were emptied by the method of 
Credé every eight hours until automatic 
function returned. Abnormalities of tooth 
growth'^'* and/or decubiti, which rarely 
developed, were treated appropriately. 


Evaluation 


At six months after spinal cord transec- 
tion, we looked for electrophysiologic 
evidence of regeneration. Evaluation of 
these animals was done slightly differently 
than had been done in our previous experi- 
ments.'^* To facilitate planned histologic 
studies, the stimulus was applied to the 
corticospinal tracts in the thoracic spinal 
cord at a point of two vertebral segments 
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Fig 1.—Diagrammatic drawing of rat's spinal cord from obex at cranial end to cauda 
equina and sciatic nerve on caudal end. Original spinal cord transection was performed 
at point P2 (level T-7 or T-8). Six months later, corticospinal tracts were stimulated at 
point P1 (level T-5 or T-6) while recording electrodes on ipsilateral sciatic nerve were 
used to search for evoked response. Later, cord was retransected completely at point 
P1. Animals were allowed to recover and survive for seven more days. They were then 
anesthetized and killed by perfusion for histologic study. Segment A (level T-6) was used 
as positive control; it always showed degenerating axons in corticospinal tract area. 
Segment B (level T-9) was experimental section studied for histologic evidence that 
regenerated axons had grown across site of first transection and additional 1 cm down 


cord. 


above the site of previous spinal cord tran- 
section rather than in the high cervical 
region as we have done previously. Also, 2 
to 4 mg of succinylcholine was used in place 
of curare to achieve neuromuscular block- 
ade because it was required that the 
animals survive after induced paralysis. 
Respiration was maintained with a mask 
and a mechanical respirator. Using a 
cathode ray oscilloscope and a computer of 
average transients, we searched for a time- 
locked response, detected by recording 
electrodes on the ipsilateral sciatic nerve. 
Details of the testing procedure have been 
described previously.'?" 

On completion of the electrophysiologic 
evaluation, the spinal cord was transected 
at the point of stimulation, which was two 
vertebral segments above the site of the 
first spinal cord transection. The wound 
was carefully closed after achieving hemo- 
stasis and the animal was continued on 
mechanical respiration until the effects of 
the succinylcholine had worn off. Those 
animals that survived an additional seven 
days were anesthetized and killed by 
perfusion with saline and then 3.7% 
formaldehyde. 

The entire spinal cord was carefully 
removed, and segments as indicated in Fig 
1 were selected for histologic study. A 
small segment of the cord in the area 
between the site of the first spinal cord 
transection and the site of the new spinal 
cord transection (segment A on Fig 1) and 
a similar small segment 1 cm below the 
original spinal cord transection (segment B 
on Fig 1) were prepared for Fink-Heimer/ 
Nauta technique to look for freshly degen- 
erated axons.'® Frozen sections of each 
transverse segment were cut in a slightly 
oblique manner to permit an oblique view 
of longitudinally running fiber tracts. In 
such sections, a freshly degenerated axon 
might be viewed as a short string of dots, 
as opposed to a single dot in an exactly 


transverse histologic preparation. 

Sections from segment A served as a 
positive control. This was an area in which 
the corticospinal tracts should and did show 
evidence of fresh degeneration. Segment B 
was the experimental area, where evidence 
of freshly degenerated axons could be 
taken as evidence that some spinal axons 
had regenerated in the six months between 
the first spinal cord transection and the 
retransection of the cord seven days prior 
to death. Negative control sections were 
taken from an area identical to segment B 
but from the cords of several animals from 
another study in which no retransection of 
the spinal cord had been performed. This 
area showed coarse older products of 
degenerated axons, but not any fine 
products of degeneration such as were seen 
in segment A. 

After establishing that new degenera- 
tion was identifiable in segment A in all 
animals subjected to retransection of the 
spinal cord, and that such evidence of 
degeneration was not visible in the lumbar 
cord of negative control animals, the exper- 
imental slides taken from segment B were 
coded so that it was impossible to deter- 
mine the group to which each animal 
belonged. Each slide was then evaluated 
blindly and assigned as showing evidence 
of newly degenerating, presumably regen- 
erated, axons or showing no evidence of 
regeneration. 


RESULTS 


The anesthesia, neuromuscular 
blockade, and surgery necessary for 
electrophysiologic testing resulted in 
the death of a significant proportion 
of our paraplegic animals. Only nine 
of 12 controls and 28 of 45 experimen- 
tal animals survived seven days after 
electrophysiologic testing and retran- 
section of the cord. 
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Results of Histologic Evidence for Axonal Regeneration* 









P 
No x Maximum 
Test Group Regeneration Regeneration Test Likelihood Ratio 









Cyclophosphamide 
at 1 hr 


Cyclophosphamide 
at 24 hr 


Controls 3 6 haps den 

Tolerant 4 6 .764 .764 
1 10 .178 fa 
6 1 


.036 .029 






*In a blind fashion, each animal was evaluated as showing convincing evidence of regeneration or 
not. The code was broken to form this table only on completion of the evaluation of all slides. Some 
regeneration was found in all groups, but statistical significance was found only on comparison of the 
group treated with cyclophosphamide 24 hours after spinal cord transection with controls. Two 
statistical comparisons were made. The maximum likelihood ratio should be a more accurate test for 
these small numbers.” 
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Fig 2.—Left, Type of silver-stained material visualized on Fink-Heimer/Nauta stain of 
area of spinal cord showing old degeneration. Six months after spinal cord transection, 
substantial amount of degenerating tissue stains. Most stained particles are large (note 
aggregates near center of photograph). Some smaller stained particles are found 
randomly distributed, but no strings of small black dots indicating fresh degeneration are 
noted. Right, Area of freshly degenerating axons. This section is from animal with 
regenerated axons in six months between two cord transections. Strings of small dots in 
this slightly obliquely cut cross section of spinal cord serve to identify freshly degener- 
ating axons. Larger amorphous masses of silver-stained material are also present, 
representing residua of spinal cord transection performed six months earlier (original 
magnification x 500). 





Only one of 57 animals showed elec- 
trophysiologic evidence of spinal cord 
regeneration. This animal was from 
the control group. , 

The results of the histologic evalua- 
tion are shown in the Table. Three of 
nine control animals showed some 
newly degenerating axons in the area 
caudal to the first spinal cord transec- 
tion. Four of ten tolerant animals and 
one of ten animals treated with cyclo- 
phasphamide one hour after transec- 
tion showed evidence that some 
regeneration had occurred. Neither of 
these groups differs statistically from 
the control group. 

Six of seven animals treated with 
cyclophosphamide 24 hours after spi- 
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nal cord transection, however, showed 
evidence of regeneration. This group 
is significantly different from the 
control group. 


COMMENT 


In our previous experiments'-* none 
of the untreated (control) animals 
with complete spinal cord transection 
showed electrophysiologic evidence of 
regeneration. In this experiment and 
in a concomitant parallel experiment 
reported elsewhere, we used a com- 
puter of average transients to search 
for a response. With this innovation in 
this experiment, we noted one control 
animal showing propagated impulses 
in the sciatic nerve time-locked to our 


stimulation of the more cranial spinal 
cord. In the parallel experiment, three 
control animals showed similar re- 
sults. Perhaps our improved ability to 
detect a response with the computer, 
by improving signal-to-noise ratio, 
explains our ability to find regenera- 
tion in control animals in these two 
experiments. 

Another alternative explanation is 
that by continued inbreeding of our 
rat colony we have developed a breed 
of rat with altered immunologic 
responsiveness. In such animals it is 
remotely possible that CNS regenera- 
tion might be enhanced. 

Of equal concern is the low number 
of positive responders in all of the 
animals tested electrically. Only one 
of 57 animals showed a positive 
response. In the parallel experiment 
mentioned above, three of 13 control 
rats and 13 of 41 treated animals 
showed electrophysiologic response in 
a similar testing situation. 

Two important changes were made 
in the testing of the animals reported 
in this article. First, the corticospinal 
tracts were stimulated at a point 1 em 
above the site of spinal cord transec- 
tion rather than in the high cervical 
region. In separate pilot experiments, 
many nontransected control animals 
were tested with the stimulus applied 
at various points along the course of 
the corticospinal tract. The magnitude 
of the response in the sciatic nerve 
tended to remain the same or increase 
as the applied stimulus was moved 
down the cord toward the lumbar 
enlargement. Thus, the point of stim- 
ulation seems not to be critical and 
cannot explain the decreased response 
rate in our present experiment, 

The second variation in the testing 
situation was the use of succinylcho- 
line instead of curare to eause neuro- 
muscular blockade. No theoretical ba- 
sis exists for a difference in nerve 
conduction or central synaptic activity 
between these drugs. Neither drug 
erosses the blood-brain barrier in 
normal animals, and therefore no CNS 
effect is expected. However, several 
interesting clinical reports provide 
data that suggest a mechanism by 
which less conduction might be found 
in regenerated nerves in succinylcho- 
line-treated paraplegic animals. 
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It has been reported that potassium 
ion (K+) concentration is massively 
elevated in the serum of paraplegic 
but not in neurologically intact hu- 
mans or animals who received succi- 
nyleholine as part of an anesthetic 
regimen for surgery.'^" In several 
cases, the K* elevation was sufficient 
to cause ventricular fibrillation or 
cardiac arrest. No incidence of a 
change in axon conductivity or syn- 
apse activity is found in these 
reports. 

In normal intact animals, the blood- 
brain barrier to K~ is sufficient to 
protect the CNS from fluctuations in 
serum K+ levels that might interfere 
with electrophysiologic response." In 
tissue culture, however, neurons are 
very sensitive to K~ levels in the 
media, and evoked response cannot be 
elicited with even moderate elevation 
in ambient K* because of cathode 
block. In our experiment, regener- 
ated CNS axons, because of poor 
myelination or lack of physiologic 
maturity, might be more sensitive to 
ambient K+ level. Also, it is possible 
that the blood-brain barrier is not 
normal to K* in the area of previous 
spinal cord transection. 

Because information about this 
unusual K* response to succinylcho- 
line was located after completion of 
our electrophysiologic testing, we did 
not record serum K* concentrations in 
our experimental animals. In a sepa- 
rate experiment, however, we have 
demonstrated that the serum K+ level 
in paraplegic rats four weeks after 
spinal cord transection is 4.80 + .36 
mEq/liter and differs from the value 
for normal rats (4.21 + .47 mEq/liter) 
significantly (P = .006). Ten minutes 
after administration of 2 mg of succi- 
nylcholine intraperitoneally, the se- 
rum K* level of paraplegic rats 
increased to 6.65 + .39 mEq/liter, 
which is dramatically and significant- 
ly greater than previous K: levels of 
these animals (P << .001). We as- 
sume, therefore, that serum K* con- 
centration during electrophysiologic 
testing in our experiment was drama- 
tically elevated. We can only speculate 
that this may represent a mechanism 
to explain the sharp decrease in posi- 
tive electrophysiologic responders in 
this experiment. 
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All surviving animals were studied 
histologically by the Fink-Heimer/ 
Nauta technique of selectively stain- 
ing freshly degenerating axons. Some 
products of degeneration persist even 
six months after spinal cord transec- 
tion, but these can be distinguished 
from the newly degenerated axons. 
Our negative control sections showed 
only larger pieces of silver-stained 
material on  Fink-Heimer/Nauta 
stain. In contrast, the positive control 
sections (from segment A) showed 
many fine dots of degenerating axons 
in the area of the corticospinal tract 
when stained at the selected time 
(seven days) after retransection of the 
spinal cord.^** Separating these two 
types of silver-stained particles did 
not pose a major problem. 

From the previous histologic work’? 
and from autoradiographs of regener- 
ated axons in the parallel study,’ we 
learned that regenerated descending 
spinal axons do not remain grouped in 
fiber tracts localized to one area of the 
cord. Rather, the fibers grow random- 
ly into the distal spinal cord. For this 
reason, a search for regenerated 
fibers had to include the whole cross- 
sectional area of the cord. We there- 
fore cut cross sections taken from area 
B in Fig 1 at a slightly oblique angle. 
Where three or more fine dots were 
noted in a linear arrangement, we 
concluded that a newly degenerating 
(ie, previously regenerated) axon was 
present (Fig 2). If several such rows of 
fine products of degeneration were 
found, we assigned that animal to the 
group showing evidence of intraspinal 
axonal regeneration across the earlier 
transection site. All evaluations were 
done blindly, and the cord was broken 
only on completion of the experi- 
ment. 

This histologic evaluation might be 
expected to show more regeneration 
than the electrophysiologic results 
might suggest. Any axon growing 
down from a point above the second 
spinal cord transection site (Fig 1) and 
continuing across the site of the first 
transection into segment B would be 
stained by this method. Only those 
fibers that grew at least that far and 
additionally formed a functional syn- 
apse on a lower motor neuron whose 
axon lay near our recording electrodes 


would be detectable by our electro- 
physiologic testing. Thus, identifica- 
tion of more regenerated axons would 
be expected using histologic meth- 
ods. 

In this experiment, a significant 
increase in regeneration was found in 
animals treated with cyclophospha- 
mide one day after spinal cord tran- 
section. These results are similar to 
those of a concomitant experiment 
that utilized the orthograde axonal 
transport of tritiated proline to study 
regeneration of axons six months 
after complete spinal cord transection. 
The similarity of findings in two 
experiments using different methods 
to evaluate results tends to reinforce 
the validity of the findings. 

Induced tolerance to degenerating 
spinal cord antigens produced no 
improvement in central axonal regen- 
eration. 

Successful treatment with cyclo- 
phosphamide 24 hours after spinal 
cord transection is consistent with the 
hypothesis that cyclophosphamide 
acts as an immunosuppressant. At 24 
hours after exposure to antigen, the 
activated immunocytes should be re- 
sponding by accelerated division to 
form a clone of cells capable of 
response to that antigen. This rapid 
cell division would make the cells most 
sensitive to the toxic effects of cyclo- 
phosphamide. Treatment with this 
drug one hour after cord transection 
might be expected to have a lesser 
effect on an immunologic response 
because it precedes accelerated cell 
division. 

While this mechanism of action is 
consistent with the observed results, it 
is not the only possible explanation. 
Cyclophosphamide is a general cellu- 
lar poison and clearly has a variety of 
effects other than immunosuppres- 
sion. Its effects on scar formation, 
glia proliferation, vascular reaction, 
and other local tissue reactions in the 
CNS have yet to be completely 
described. It is quite possible that 
another action of this drug delays the 
development of an as yet unknown 
blockade to regenerating CNS axons. 
The timing of the drug treatment 
would also be crucial in that case. If 
this blockade develops at 24 hours, 
drug treatment at that time might 
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delay the blockade long enough to let a 
few axons grow through the point of 
spinal cord transection. The results 
would then be similar to those we have 
reported in this and other publica- 
tions. 

The failure to improve regeneration 
in animals made tolerant to CNS 
tissue by a single neonatal injection 
with CNS homogenates shows that 
tolerance induced by this method, 
while adequate to inhibit the later 
induction of experimental allergic 
encephalitis, > is not adequate to 
promote CNS axonal regeneration. 
One might argue that such tolerance 
to CNS antigens is not complete, and 
even a little allergic response is 
adequate to inhibit growth of axon 
sprouts. Thus far, our experiments do 
not confirm that such an aborted 
immunologic response is present. Ad- 
ditional experiments using other im- 
munologic suppression methods in- 
cluding thymectomy and immunologic 
paralysis are currently in progress, as 
are searches for serum anti-CNS anti- 
bodies. 

While this experiment certainly 
does not prove an immunologic block- 
ade to CNS axonal regeneration, the 
results are consistent with that hy- 
pothesis. 
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Modulation of CSF Production 


by Alterations in Cerebral 


Perfusion Pressure 


Martin H. Weiss, MD, Nancy Wertman, MS 


e The rate of CSF production in cats 
was studied in relation to changes in 
intracranial pressure (ICP), systemic ar- 
terial pressure (SAP), and the resultant 
alterations in cerebral perfusion pressure 
(CPP). When ICP is raised to the point 
where CPP falls below 55 mm Hg, CSF 
production will diminish. Elevation of ICP 
does not appear to influence CSF produc- 
tion rate if CPP is maintained above 70 
mm Hg. 3 

(Arch Neurol 35:527-529, 1978) 


NE studies have sought to 
establish a relationship between 
CSF production and variations in 
intracranial pressure. Using tech- 
niques of ventriculocisternal or ven- 
triculolumbar perfusion, most authors 
have concluded that alterations in 
intraventricular pressure have little or 
no effect on CSF production. At 
least two studies, however, have dem- 
onstrated a decrease in CSF produc- 
tion (CSFp) with increases in intra- 
ventricular pressure (IVP);* The 
aforementioned studies, in general, 
have focused on a comparison of two 
indexes, intraventricular pressure and 
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CSF production, in an effort to estab- 
lish their relative interdependence. 
Consistent evidence to support such a 
relationship is lacking. 

Alternative considerations, on the 
other hand, have shown that rates of 
CSF production may be significantly 
depressed during periods of profound 
systemic arterial hypotension without 
regard to alterations in intracranial 
pressure (ICP).^ The present study 
was undertaken in an effort to relate 
CSF production to variations in cere- 
bral perfusion pressure (CPP), and 
thus investigate the relationship be- 
tween both intracranial pressure and 
systemic arterial pressure (SAP) on 
CSF production. 


MATERIALS AND METHODS 


Forty-eight adult mongrel cats unselec- 
ted as to sex were utilized for the protocol. 
The animals were anesthetized with intra- 
peritoneally administered pentobarbital 
sodium, 30 mg/kg, following which appro- 
priate arterial and venous cannulae were 
placed to enable continuous recording of 
systemic arterial and central venous pres- 
sure. Tracheostomy was performed; the 
animals were continuously ventilated on 
the constant volume ventilator. End tidal 
CO, was continuously monitored and main- 
tained at 4%. 

A ventriculocisternal perfusion was then 
established according to the technique of 
Pappenheimer et al." A 19-gauge ventricu- 
lar cannula was stereotaxically lowered 


into the lateral ventricle, utilizing coordi- 
nates of 12.5 mm anterior to the interaural 
line and 4 mm lateral to the midline; pene- 
tration of the ventricle was confirmed by 
an acute drop in perfusion pressure. 
Warmed Elliott’s B solution, adjusted to a 
pH of 7.38 by equilibration with 5% CO,, 
was used as an artificial CSF perfusate; 
each liter of perfusate contained 6 uCi of 
iodinated I 125 serum albumin as a nondif- 
fusible indicator. Perfusion was main- 
tained at a rate of 200 ul/min by a constant 
infusion pump; intraventricular pressure 
was regulated by altering the height of the 
outflow cannula from the cisterna magna. 
Arterial and central venous pressures as 
well as intraventricular pressure were 
eonstantly monitored by utilizing in line 
strain gauge transducers appropriately 
amplified to a four-channel Statham pen- 
writer. Core body temperature was con- 
stantly monitored and maintained at 37 °C. 
Effluent specimens were collected at ten- 
minute intervals in tared flasks; the 
eoncentration of iodinated I 125 serum 
albumin was determined in a gamma well 
counter. Inflow and outflow rates were 
determined gravimetrically. 

The animals were separated into six 
groups (Table 1). Group 1 was perfused at 2 
mm Hg ICP at normal systemic arterial 
pressure (115 + 10 mm Hg). In group 2, 
perfusion was also carried out at 2 mm Hg 
ICP, but SAP was lowered by administra- 
tion of ineremental doses of pentobarbital 
and maintained at a mean of 70 mm Hg. In 
group 3, the animals were perfused at 20 
mm Hg ICP while at normal SAP. In group 
4, animals were perfused at 20 mm Hg ICP 
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Table 1.—Pressure Measurements 





Intra- Systemic Cerebral 
cranial Arterial Perfusion 
Pressure, Pressure, Pressure, 

Group mmHg mmHg mmHg 











115 +10 113 + 10 













2 70 + 2 68 + 2 
3 20 115 x 10 95+ 10 
4 20 70202 50 + 2 
5 20 115 +10 95+ 10 
20 70 += 2 50 + 2 

70 +2 50 + 2 






115 + 5 95 +5 





but, as in group 2, underwent lowering of 
mean SAP to 70 mm Hg. Group 5 (ICP, 20 
mm Hg) was initially perfused at normal 
SAP, following which mean SAP was 
lowered to 70 mm Hg. In group 6 (ICP, 20 
mm Hg), perfusion was first accomplished 
under lowered mean SAP (70 mm Hg), 
following which dopamine was adminis- 
tered intravenously to raise the SAP to a 
mean of 110 mm Hg. 

In each of the experimental groups, a 
minimum of two hours of perfusion was 
allowed to proceed prior to steady-state 
sampling; six ten-minute samples were 
subsequently obtained for steady-state 
determinations. In those groups (No. 5 and 
6) in which a second stage was pursued by 
readjustment in SAP, two hours were 
allowed to elapse following the change of 
SAP before new steady-state samples were 
secured. 

Calculations of CSF production and 
absorption were made in accordance with 
the formulas derived by Heisy et al." 


RESULTS 


The mean rate of production of CSF 
in groups 1 and 2, perfused at 2 mm 
Hg ICP, was 20.94+2.99 and 
19.53 + 3.07 l/min, respectively; 
there was no significant difference in 
the rate of CSFp between these two 
groups in spite of the marked differ- 
ence in SAP and consequent CPP 
(Table 2). 

In the perfusions carried out at 
elevated intracranial pressure, howev- 
er, one observes a significant differ- 
ence in the rate of CSF production 
relative to cerebral perfusion pressure 
(mean SAP minus mean ICP). In 
group 3, perfused at 20 mm Hg ICP 
and normal SAP (CPP = 90 mm Hg), 
CSF measured 19.24 + 2.81 l/min. 
The CSFp in group 4, perfused at 20 
mm Hg ICP and 79 mm Hg SAP 
(CPP, 50 mm Hg), was 9.59 + 2.24 
pl/min. Analysis of variance between 
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Table 2.—Mean CSF 
Production Rates 


Group DSFp, „l/min 


20.94 + 2.99 


19.53 + 3.07 
19.24 + 2.81 
9.59 + 2.24* 
19.38 + 2.39 
9.35 + 1.68* 
10.01 + 1.49* 
19.01 + 2.01 





*Significant difference (P < .001). 


groups 1, 2, and 3 showed no statisti- 
cally significant difference (P > .2) 
whereas group 4 is significantly 
different (P — .001) from groups 1, 2, 
and 3 taken individually or com- 
bined. 

In groups 5 and 6, perfused at 
persistently elevated ICP of 20 mm 
Hg, CSFp was found to parallel the 
levels of CPP within each animal. In 
these groups, mean CSFp during 
times of lowered cerebral perfusion 
pressure (50 mm Hg) approximated 
the mean values found in group 4, 
whereas restitution of "normal" CPP 
resulted in CSFp approximating the 
values in group 3. In group 5, which 
was initially perfused at normal SAP, 
the initial CSFp was 19.38 + 2.39 ul/ 
min, which fell to 9.35 + 1.68 ul/min 
once SAP, and consequently CPP, 
were lowered. In group 6, in which 
perfusion was first begun with a 
lowered CPP, mean CSF production in 
the initial phase was 10.01 + 1.49 ul/ 
min and rose to 19.01 + 2.01 ul/min 
after systemic arterial pressure was 
artificially raised with dopamine. In 
both groups, the differences in CSFp 
at the differing cerebral perfusion 
pressures was highly significant 
(P < .001). 

Central venous pressure remained 
constant during the manipulations; 
CSF absorption, as anticipated, varied 
directly with the ICP in all animals. 


COMMENT 


Experimental studies in both hu- 
mans and animals have attempted to 
relate CSF production rates to varia- 
tions in ICP in both normal and hydro- 
cephalic subjects. These studies, in 
general, have yielded conflicting data. 
Studies employing ventriculolumbar 
perfusion in humans have uniformly 


Table 3.—Correlation Between 
Cerebral Perfusion Pressure 
and CSF Production 


Cerebral 

Perfusion 

Pressure, 
mm Hg 


113 + 10 
68 + 2 
95 + 10 
50 + 2 
95 + 10 


Group 


20.94 + 2.99 
19.53 + 3.07 
19.24 + 2.81 
9.59 + 2.24* 
19.38 + 2.23 


19.01 + 2.01 





*Significant difference (P < .001). 


indicated that CSF production is 
essentially independent of ICP up to 
pressures of 30 mm Hg. These studies 
have been performed in patients with 
“normal” as well as “abnormal” CSF 
pathways.*' Hochwald and Sahar’ 
and Calhoun et al* described a series 
of animal experiments in which CSFp 
decreased with increasing ICP during 
ventriculocisternal perfusion; other 
investigators, however, have been un- 
able to demonstrate such changes.'^* 
In none of these conflicting studies, 
however, was attention directed to 
documentation of cerebral perfusion 
pressure and its potential relationship 
to CSF production; many of these 
studies failed to record and/or control 
variations in respiratory and temper- 
ature functions, variables known to 
exert profound influence on CSFp."? 
Carey and Vela,^ addressing the 
problem from a sole consideration of 
systemic arterial pressure, have dem- 
onstrated that dogs rendered hypo- 
tensive secondary to hypovolemia 
(SAP, 62 + 1 mm Hg) experienced a 
significant fall (40%) in CSF produc- 
tion. These animals were perfused at 
an ICP of 4 mm Hg, therein producing 
a CPP of 58+1 mm Hg. The 
presumed | mechanism underlying 
their observations was oligemic perfu- 
sion of the choroid plexus, resulting in 
decreased rates of formation of CSF. 
Current understanding of CSF pro- 
duction ascribes the process of CSF 
formation to a complex sequence of 
events resulting in production of an 
active secretion." The choroid plexus 
capillaries are known to be fenes- 
trated,^ and it is assumed that an 
ultrafiltrate of plasma is formed in 
the extravascular subepithelial spaces 


CSF Production—Weiss & Wertman 


of the choroid plexus. The cells of the 
choroidal epithelium, are united by 
tight junctions that, in turn, provide a 
barrier to free flow of the ultrafiltrate 
from the choroidal extravascular 
space.’ It is at the level of the choroi- 
dal epithelium that presumed active 
transport processes are operant to 
produce cerebrospinal fluid. 

It seems reasonable, therefore, to 
postulate that alterations in the blood 
flow through the choroid plexus will 
result in alterations in the rate of 
filtration at the choroidal capillary 
level, therein influencing CSF forma- 
tion.'^'5 In addition, alterations in the 
metabolic activity of choroidal epithe- 
lium will exert an influence on CSF 
production as a result of changes in 
the active transport mechanisms. 

It should be noted, however, that a 
simple correlation between CSF pro- 
duction and cerebral perfusion pres- 
sures does not appear to exist (Table 
3). There was virtually no differrence 
in the rate of CSF production secon- 
dary to variations in intracranial pres- 
sure in those animals in whom cere- 
bral perfusion pressure was main- 
tained at levels greater than or equal 
to 70 mm Hg. It was only when cere- 
bral perfusion pressure was signifi- 
cantly reduced (50 mm Hg) that an 
inverse relationship between CSF pro- 
duction and intracranial pressure was 
observed. It therefore appears that 
the variations in CSF production 
relate to the maintenance of constant 
blood flow through the choroid plexus 
under conditions of normal cerebral 
perfusion pressure (and presumed 
functional cerebral autoregulation). 
Drake and his group have recently 
presented evidence to indicate that 
cerebral autoregulation in the normo- 
volemic cat failed at levels approxi- 
mating 55 mm Hg mean cerebral 
perfusion pressure (C. G. Drake, oral 
communication, 1977). It seems rea- 
sonable to conclude, therefore, that 
the cerebral perfusion pressure levels 
in those cats perfused under high 
mean ICP and lowered SAP fell below 
the capacity of cerebral autoregula- 
tion to maintain adequate choroidal 
perfusion. Consequently, under condi- 
tions exceeding the capacity for com- 
pensation by cerebral autoregulation, 
the fall in choroid plexus blood flow 
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results in decreased ultrafiltration at 
the level of the choroidal capillary and 
a consequent decrease in CSF produc- 
tion. 

Two additional factors come under 
consideration as potential mecha- 
nisms involved in these observations. 
The first of these relates to the utili- 
zation of additional pentobarbital to 
lower systemic arterial pressure. It is 
conceivable that these additional 
doses of barbiturates could depress 
the metabolic activity of the choroidal 
epithelium resulting in a diminished 
transport oí ultrafiltrate across the 
choroidal epithelium. In group 2, 
however, we see that, in spite of 
pentobarbital depression of systemic 
arterial pressure, CSF production was 
virtually unchanged from the control 
values, arguing against a direct 
influence of barbiturate on choroidal 
transport. In addition, in group 6, in 
which systemic arterial pressure was 
raised following administration of 
barbiturate, normal CSF production 
was restored, once again arguing 
against a primary effect of barbitu- 
rate on choroidal epithelium. 

A second alternative explanation is 
the possibility that a decrease in chor- 
oidal blood flow, and even global cere- 
bral blood flow, might result in 
ischemic changes to the choroidal 
epithelium with consequent decrease 
in active transport at that level. The 
fact that, in group 6, a restoration of 
normal systemic arterial pressure and 
cerebral perfusion pressure resulted 
in restoration of CSF production 
tends to argue against that possibility 
as a significant mechanism in the 
alterations that were observed. It 
remains, however, that this model 
cannot precisely differentiate which 
of the two possible factors are respon- 
sible for the observed decrease in the 
rate of CSF production—a decrease in 
mechanical ultrafiltration at the chor- 
oidal capillary level or a transient 
ischemic diminution in choroidal epi- 
thelial transport; it is conceivable that 
both mechanisms may play a role. 

It is apparent that studies of CSF 
production relative to intracranial 
pressure must consider the relative 
status of both intracranial and sys- 
temic arterial pressures. Production 
of CSF appears to be related to cere- 


brovascular perfusion, and, when cere- 
bral perfusion pressure is lowered to a 
point exceeding the compensatory 
capacity of cerebral autoregulation, 
CSF production will be diminished. 
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Jamaica Ginger Paralysis 


Forty-seven-Year Follow-up 


John P. Morgan, MD, Patricia Penovich, MD 


e |n 1930, thousands of Americans 
were poisoned by an illicit extract of 
Jamaica ginger (“jake”) used to circum- 
vent the Prohibition laws. A neurotoxic 
organophosphate compound, triortho- 
cresyl phosphate (TOCP), had been used 
as an adulterant. The earliest reports were 
of peripheral neuritis, but later it was 
evident that an upper motor neuron 
syndrome had supervened. This TOCP 
poisoning apparently involved various cell 
groups and tracts in the spinal cord; the 
lesion was not peripheral at all. 

We interviewed 11 survivors of the 
illness residing in eastern Tennessee. 
Four were carefully examined. The princi- 
pal findings showed the spasticity and 
abnormal reflexes of an upper motor 
neuron syndrome. One patient had mild 
disease, despite typical findings, and had 
lived a normal life. 

(Arch Neurol 35:530-532, 1978) 


D March 1930, newspapers in the 
southern and midwestern United 
States initiated reports of a strange 
paralytic illness affecting principally 
middle-aged working- and farming- 
class men (The Daily Oklahoman, 
March 7, 1930). From the outset, the 
affliction was associated with the 
consumption of a popular illicit alco- 
holic beverage—Jamaica ginger ex- 
tract, or “jake.” 

Typically, the victims reported on- 
set of symptoms within ten to 14 days 
after drinking the extract. Early 
symptoms included cramping muscu- 
lar pain in the legs, followed by weak- 
ness. In most victims, quadriparesis 
and often frank quadriplegia with 
foot and wrist drop developed. Exami- 
nation usually showed muscular weak- 
ness and wasting, with flaccidity and 
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hypoactive reflexes most noticeable in 
the feet and legs; however, there were 
often diminished reflexes in the arms 
and hands, too. In most cases, no 
sensory deficit was manifest." In a 
few patients, there was impairment of 
sphincter control? The typical syn- 
drome was identified as a polyneuri- 
tis, sometimes called "motor neuritis” 
because of the paucity of sensory find- 
ings. The association with the Jamaica 
ginger extract generated the label 
"Jamaica ginger paralysis." The popu- 
lar name of the beverage in associa- 
tion with the steppage gait associated 
with foot drop led to the common 
name "jake leg" or "jake walk." 

The initial diagnosis, despite the 
commonly associated beverage, was 
difficult to make because many had 
consumed jake for years without 
apparent harm. An alcoholic extract of 
ginger root had been available as a 
proprietary medicine since 1863.* As 
with other alcohol-based medicinals, it 
was used both overtly and surrepti- 
tiously as a beverage. Its popularity 
grew, particularly in the southern 
United States, where local laws had 
prohibited legal alcohol in many town- 
ships and counties, and occasionally in 
entire states. Hard-hit states included 
largely dry Tennessee, Kentucky, Mis- 
sissippi, and completely dry Oklahoma 
and Kansas. 

After federal Prohibition began in 
1920, a series of decisions aimed at 
limiting the distribution of jake 
ensued.’ The Prohibition Bureau ban- 
ned the interstate shipment of any 
alcoholic extract of ginger root or alco- 
holic solution of ginger oleoresin that 
did not conform to the standards for 
preparation outlined by the United 
States Pharmacopeia. (An oleoresin 
describes an oily material resulting 
from the extraction of powdered 
ginger root with alcohol or acetone 
and partial drying. This material, as 
well as powdered ginger root, could be 
dissolved in alcohol.) 


The USP version was a fluidextract, 
defined as containing at least 1 g of 
ginger oleoresin per milliliter of 
solvent. This produced a ginger solu- 
tion that was supposedly too strong 
for all except the toughest to drink. It 
was classed as nonpotable by the 
Prohibition Agency. It was legally 
shipped and taken as a carminative, 
analgesic, or anticoryza remedy, pre- 
pared by dissolving a few drops in 
water. 

Before and after these decisions, 
there was enormous business in an 
adulterated extract of ginger (jake). 
Illicit manufacturers merely mixed 
other substances with a small amount 
of ginger oleoresin in a 70% to 80% 
alcoholic solution. This material was 
highly intoxicating, mildly ginger- 
flavored, and was usually consumed 
mixed with a soft drink or coffee. In 
some areas of the South and Midwest, 
it rivaled bootleg moonshine and 
homebrew in popularity. 

In January 1930, the Brooklyn and 
Boston manufacturers of jake were 
apparently seeking a new, cheaper 
adulterant and settled on lindol, an 
ingredient of varnish that contained 
isomers of cresyl phosphate. Various 
batches of jake containing 0.5% to 3% 
triorthocresyl phosphate (TOCP) were 
distributed from Brooklyn and Boston 
to shipping points on the southern rim 
(Cincinnati, Kansas City, Oklahoma 
City, and St Louis) and from there 
throughout the South. Estimates are 
uncertain, but probably as many as 
50,000 Americans were paralyzed.' 

Numerous medical publications de- 
scribed the victims in 1930 and 1931. A 
number of such reports were optimis- 
tic because the toxic disorder was 
thought to be peripheral neuritis and 
some victims had early shown im- 
provement, particularly in the hands 
and arms.*^ 

Very few follow-up reports ap- 
peared, but all described a more 
ominous truth.''" Some victims 
made functional progress, but the 
majority studied were still seriously 
impaired in 1937-1938. In these vic- 
tims, the flaccidity and muscle weak- 
ness were replaced by hypertonicity, 
hyperreflexia, clonus, and abnormal 
reflexes, reflecting apparent damage 
to pyramidal tracts and a permanent 
upper motor neuron syndrome. Spas- 
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ticity replaced flaccidity, and scissor- 
ing replaced or accompanied steppage. 
In 1941, Aring pointed out that in 
some victims, signs of upper motor 
neuron damage were seen early in the 
course of the disease.’ The lesion of 
TOCP, now described as delayed 
neurotoxicity and seen with other 
organophosphorus compounds, was 
not a neuritis but, rather, a syndrome 
of the spinal cord resembling amyo- 
trophic lateral sclerosis. In most 
patients, appreciable recovery was 
limited to the upper extremities, and 
abnormality of the lower limbs 
remained. 


SUBJECTS 


During the course of studying the histo- 
ry of the epidemic,” we travelled to eastern 
Tennessee, where many cases had oc- 
curred. In three towns, living victims para- 
lyzed in 1930 were found and interviewed. 
We spoke to 11 men who had experienced 
the illness, examined four of them, and 
interviewed families and friends of victims 
now dead. 

All subjects were men, ranging in age 
from 64 to 81 years. All became ill in 
February or March 1930 and all had 
consumed the extract of Jamaica ginger 
within two weeks of the onset of illness. 

Nine victims had consumed the extract 
prior to this time as an alcoholic beverage, 
without effect other than intoxication. In 
all some degree of paresis of both upper 
and lower extremities developed, and they 
described foot drop and wrist drop with 
clawed hands. All experienced complete or 
nearly complete recovery of hand and arm 
strength and function; however, all but one 
lived with an impaired gait. Only one of the 
11 was ever able to walk again without 
canes, crutches, walkers, or walking sticks. 
Four men were married, two prior to the 
illness, and all of these four had progeny. 
Many had heard of men who were sexually 
impotent for a time after the illness, but 
only one of our informants admitted such 
diffieulty. 

All of these survivors had found gainful 
employment after varying times as com- 
plete invalids. Most had worked at seden- 
tary jobs, but some farmed, often using the 
hoe or plow handles for support. One 
painted houses, and one worked as a tele- 
phone lineman. Most were poisoned by 
"Queen City" or "Land" brands of Jamaica 
ginger extract, both traceable to Cincin- 
nati. All recalled many other victims who 
were dead. 


CLINICAL FINDINGS 


The clinical examinations were per- 
formed on four men. Other men inter- 
viewed and casually examined manifested 
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hyperactive reflexes in the lower extremi- 
ties. Many were noted to scissor while 
walking, and most still had foot drop. None 
of the subjects complained of current pain, 
muscle tenderness, nor paresthesias. All 
were elderly men with other illnesses, 
including diabetes and thrombophlebitis, 
but we chose to concentrate only on perti- 
nent neurological findings in these pa- 
tients. 


REPORT OF CASES 


Case 1.-A 72-year-old man who had 
been employed by a large textile mill had, 
in 1930, consumed a half-bottle of "Queen 
City" Jamaica ginger while with a young 
woman who also imbibed. Both became 
paralyzed. He noted gait impairment ten 
days after consuming the liquid, and with- 
in 24 hours he could not walk. Paresis of his 
arms and hands developed; these resolved 
slowly. After nearly four years as an inva- 
lid, he began to work as a shoe repairman 
and was so employed for 20 years. He walks 
using two canes. He is married and is the 
father of seven children. 

Neurological Examination.—The patient 
was alert but tired easily. Minimal formal 
testing was done because of general fa- 


tigue related to recent eye surgery. Cranial . 


nerve function was normal. The left eye 
was patched, and visual acuity in that eye 
was not tested. 

The patient was too weak to stand. 
Slight wasting of interossei and thenar and 
hypothenar eminences was noted bilater- 
ally. Muscle strength was generally normal 
in the upper extremities, but some weak- 
ness of the first dorsal interosseus and 
opponens pollicis was detectable. Consider- 
able atrophy of major muscle groups in the 
lower extremities was present, and moder- 
ate weakness of the iliopsoas and gas- 
trocnemius was accompanied by severe 
weakness of the anterior tibial group. 
Hypertonicity and spasticity of major 
muscle groups in the lower extremities was 
present. No fasciculations were noted. 

Finger-to-nose and rapid alternating 
movements of the hands were well 
performed. 

Muscle stretch reflexes in the upper 
extremities were normal, but those in the 
lower extremities were noticeably hyperac- 
tive, with sustained clonus at the ankles. 
Extensor plantar responses were easily 
elicited. There was intact sensation to 
pinprick, light touch, and vibration. Pro- 
prioception was normal. 

Case 2.—A 71-year-old man had become 
il in March 1930 after consuming two 
bottles of jake. Within seven to eight days 
he could not walk, and within two weeks he 
could not straighten his fingers. Eight of 
the nine men with whom he lived in a 
rooming house at that time were affected. 
He was able to walk with canes within a 
year, and returned to work in a furniture 


factory after two years. He was employed 
as a sander and finisher there for 15 years. 
He was never able to walk unsupported. He 
still notes dragging of his toes. 

Neurological Examination.—The patient 
was alert and oriented. He was unable to 
explain proverbs and failed in backward 
repetition of three numbers. Remote mem- 
ory was intact. 

He could walk only with support. He 
hyperextended and locked the knee for 
support. Walking movements were ini- 
tiated from the hips, using torso rotation 
and cireumduction. Foot drop was seen 
bilaterally. No cranial nerve abnormalities 
were noted, with the exception of slight 
sensory hearing loss. 

Atrophy of interossei (particularly the 
first dorsal) and thenar and hypothenar 
groups was seen. There was an apparent 
decrease in forearm mass. There was 
substantial atrophy of lower extremity 
muscle groups, including anterior and 
postericr tibial compartments and the 
quadriceps. Spasticity was prominent in 
the lower extremities but not in the upper. 
Weakness was noted in the first dorsal 
interosseus and all thumb musculature. 
Lower extremity muscle groups were 
weak, including the iliopsoas, hip adductors 
and abductors, hamstrings, quadriceps, 
and ankle flexors and extensors. No fasci- 
culations were noted. 

Finger-to-nose and rapid alternating 
movements of the hand were well per- 
formed. Maintenance of stance with feet 
together was carried out. 

Muscle stretch reflexes were hypoactive 
to normal in the upper extremities and 
hyperactive in the lower extremities. No 
clonus was elicited. Extensor plantar 
responses were elicited. No adbominal 
reflexes were found. Intact sensation to 
light touch and pinprick was present. 
Slightly decreased vibratory and proprio- 
ceptive sense at toes, along with some 
impairment of temperature discrimination 
to midealf, was noted. 

Case 3.—A 68-year-old man had become 
ill on March 4, 1930, after consuming jake 
approximately two weeks before. He noted 
cramping in his legs and dragging of his 
toes. His hands became clawed and wrist 
drop ensued, but hand function returned to 
normal eventually. More than a year later, 
he was able to walk again, using broom 
handles for support. After recovery of his 
hands, he returned to farming and has 
continued to support himself. He performs 
most of the work on the farm, including 
driving a tractor. 

Neurological Examinations.—Orientation 
and memory were intact. Simple calcula- 
tions were performed well, and proverb 
interpretation was concrete. 

Scissoring was apparent, accompanied 
by cireumduction of the leg and bilateral 
foot drop. The knee was hyperextended 
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bilaterally and locked for support. Move- 
ment was initiated at the hip. 

All cranial nerve responses were nor- 
mal. 

Some wasting of the first dorsal interos- 
seus was noted. Profound wasting of 
anterior and posterior tibial musculature 
and quadriceps was evident. Strength in 
the upper extremities was normal. Gener- 
ally, all major muscle groups of the lower 
extremities, with the exception of hip 
adductors, were profoundly weak and spas- 
tic. No fasciculations were seen. 

Finger-to-nose touching and rapid alter- 
nating movements of the hands were 
performed well. Maintenance of stance 
with feet together was also performed 
well. 

Muscle stretch reflexes were slightly 
hypoactive in the upper extremities and 
noticeably hyperactive in the lower. Sus- 
tained clonus was easily elicited at the 
ankles. Abnormal reflexes included exten- 
sor response and withdrawal to stroking of 
the sole. He showed bilateral crossed 
adductor responses. Response to light 
touch was normal, but sensation to temper- 
ature, pinprick, and vibration was de- 
creased symmetrically below the ankle. 
Proprioception was intact. 

Case 4.—A 77-year-old man was hospital- 
ized for recurrent atrial tachyarrhythmias. 
He suffered a mild episode of jake leg after 
drinking the extract. He recalled bilateral 
foot drop. In his opinion, he became well 
and had complete resolution of both the 
foot drop and the slight clumsiness of his 
hands. He began a rigid physical exercise 
program that included running miles daily. 
He continued working as a truck driver in 
1930, and later worked as a lineman for the 
telephone company. He also served in the 
military for a second time after the illness. 
He married and had children. 

Neurological Examination.—The patient 
was oriented and alert, but could not 
perform serial subtraction. Memory was 
apparently intact. Gait was apparently 
normal without foot drop or cireumduc- 
tion. 

All tests of cranial nerves were normal. 

Muscle tone and development were 
normal in upper and lower extremities. 
Strength was normal, with the exception of 
slight weakness of first dorsal interossei 
and thumb musculature. No fasciculations 
were present. Cerebellar function was 
normal. 

Slight hypoactivity of muscle stretch 
reflexes was noted in upper extremities, 
and there was slight hyperactivity in the 
lower. There was no clonus. Abnormal 
reflexes included an extension and with- 
drawal on stroking the sole of the foot and 
crossed adductors. 

There was slight decreased sensitivity to 
vibration and position at toes. Pinprick and 
light touch perception were normal. 
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COMMENT 

In all four examined men, disability 
was principally related to an upper 
motor neuron syndrome with resul- 
tant spasticity of the lower extremi- 
ties. Since no systematic follow-up 
examinations were carried out, the 
fate of the thousands of persons with 
the illness is unknown, but we assume 
that many, if not most, lived out their 
lives with noticeable gait impairment 
and spasticity. 

The concept of peripheral neuritis 
caused by TOCP has persisted because 
of the reports in 1930. Pathological 
analyses in man (and in experimental 
animals) indicates that the poison 
destructively involves anterior horn 
cells and corticospinal tracts in the 
cord. Peripheral nerves do show a 
destruction of myelin sheaths, but 
most evidence indicates that this is 
associated with axonal death." 

The symptom of muscle weakness 
in 1930 altered the proper interpreta- 
tion of sphincter abnormalities and 
vasomotor signs, including cold, 
sweaty, and cyanotic feet. The now- 
convincing evidence of spinal cord 
damage should put to rest the clinical 
error of Jamaica ginger “peripheral 
neuritis.” 

Case 4 indicates another aspect of 
the course of the illness. Initially 
impaired, this patient made a good 
recovery and was able to work as a 
telephone lineman and to perform 
military service. Nevertheless, he had 
manifest signs of upper motor neuron 
disorder. 

The shame experienced by those 
with jake leg possibly led some with a 
minimal functional disorder to deny 
that they ever had the disease, and 
patient 4 stated that he knew some 
such people. We heard of other men 
with obvious impairment who claimed 
to have had a stroke. 

In our subjects, there was some 
evidence of frontal release signs and 
mild dementia. This is most likely 
related to advanced age and cerebro- 
vascular atherosclerosis, although 
there is some possibility that TOCP 
also affected cerebral function. 

The substance TOCP continues to 
poison persons today. Most recent 
serious epidemics have related to the 
black-market sale of aviation hydrau- 
lic fluid used to extend supplies of 
cooking oil in Morocco and Viet- 
nam.'^/* This TOCP is an organophos- 
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phate compound closely resembling 
modern organophosphate pesticides. 
It has little utility as a pesticide 
because its anticholinergic activity is 
minimal. Relatively few modern orga- 
nophosphate pesticides cause the de- 
layed neurotoxic syndrome, which is 
not related to anticholinergic effect. 
However, the insecticide Mipafox poi- 
soned research workers in this way in 
1950." In the early 1970s, an organo- 
phosphate called leptophos had been 
incriminated in causing neurotoxicity 
in workers in a Texas chemical plant 
(Newsweek, Dec 13, 1976). 
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Child Neurology 


Intracranial Neoplasms in Infants 


Jacqueline R. Farwell, MD; George J. Dohrmann, MD, PhD; John T. Flannery 


€ Fifty-four primary intracranial neo- 
plasms occurred in infants (18 months of 
age or younger) in Connecticut during a 
40-year period, 1935 to 1974. Thirty 
percent were medulloblastomas and 16% 
were ependymal neoplasms. An equal 
number of males and females were 
affected. Forty percent were located in the 
cerebellum, 37% in the cerebral hemi- 
spheres, and 17% in the brain stem. The 
most common symptom was vomiting. 
Abnormally large head circumference 
was the most common physical finding. 
Average survival was 43 months. Survival 
relative to histopathologic type and loca- 
tion of the neoplasm is discussed. Eigh- 
teen patients survived longer than one 
year and the level of neurological function 
of these longer survivors is presented. 

(Arch Neurol 35:533-537, 1978) 


| enaa neoplasms are noted 
less frequently in the first years 
of life than those following’; a maxi- 
mum incidence of brain tumors in 
children occurs between 5 and 8 years 
of age.* With improved diagnostic 
techniques, greater numbers of brain 
tumors are being discovered in the 
first months of life and some can be 
determined to have been present at 
birth. The purpose of the present 
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population-based study is to obtain 
more information about these brain 
tumors by reviewing and analyzing 
cases of intracranial neoplasms occur- 
ring in infants in Connecticut during 
a 40-year period (1985 to 1974) with 
regard to age, sex, anatomical loca- 
tion, presenting symptoms, physical 
findings, survival time, and quality of 
survival with various modes of thera- 
py. 


PATIENTS AND METHODS 


Histologically verified cases of intra- 
cranial neoplasms occurring in infants (18 
months and younger) in Connecticut from 
1935 to 1974 were culled from the files of 
the Connecticut Tumor Registry. All cases 
of cancer in Connecticut are reported to 
this registry which then obtains lifelong 
follow-up on each.? In some instances, the 
histopathologic diagnosis of certain brain 
neoplasms was changed after a review of 
the slides by us. Each case was analyzed 
according to age at diagnosis, sex, location 
of the neoplasm, main presenting symp- 
toms, physical findings, methods of treat- 
ment with related survivals, and level of 
function in long-term survivors. All survi- 
val data were expressed as cumulative 
probability of survival as calculated using 
an actuarial method‘ that accounts for 
those still alive at the time of the study. 


RESULTS 


Fifty-four intracranial neoplasms 
occurred in children aged 18 months or 
younger at diagnosis. The histopatho- 
logic distribution of the neoplasms 
was as follows: medulloblastomas 
(30%), ependymal neoplasms (ependy- 
moma and ependymoblastoma, 16%), 
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meningeal neoplasms (13%), astrocy- 
tomas (9%), and dermoids/teratomas 
(9%). The remaining tumors were 
choroid plexus papillomas (6%), glio- 
blastoma multiforme (6%), and one 
optic glioma (2%). In five cases, the 
histopathologic diagnosis was "glio- 
ma” or “brain tumor” (9%), and the 
slides were not available to the 
authors. 

Figure 1 shows the year of birth of 
infants in the study. They are fairly 
evenly distributed throughout the 
years from 1950 to 1974. Tumors 
developed in 26 males and 28 females, 
a nearly equal distribution by sex. 

The age at which a diagnosis of 
brain tumor was made in these 
patients is shown in Fig 2. A slight 
increase is noted in comparing succes- 
sive six-month intervals but no defini- 
tive peak age can be identified. 

Twenty-four of the 54 neoplasms, or 
44%, were located in the cerebellum 
(Fig 3). Twenty cerebral hemisphere 
tumors (87%) and nine brain stem 
tumors (1796) occurred. One tumor, an 
optic glioma, was found in the sella- 
chiasm region (Table 1). 

The symptoms with which these 
infants presented for diagnosis were 
as follows: vomiting (47%), increasing 
head size (32%), lethargy (19%), con- 
vulsions (18%), paresis (9%), cranial 
nerve palsies (9%), and ataxia (6%). 
The physical findings of these infants 
at diagnosis were as follows: Twenty 
patients, or 45% of the 45 whose find- 
ings were available for review, had an 
increased head circumference. A bulg- 
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ing fontanelle was reported in 12 
cases (27%). Eleven infants (25%) had 
cranial nerve palsies. Papilledema 
(16%) and nuchal rigidity (16%) were 
each seen in seven instances. Two 
patients (4%) were comatose, and five 
additional patients (16%) had a dimin- 
ished level of consciousness. Other 
findings included ataxia (7%), nystag- 
mus (11%), hemiparesis (9%), hyperre- 
flexia (16%), hypertonia (9%), irritabil- 
ity (6%), hypotonia (11%), extracranial 
masses (4%), and  hyperalertness 
(6%). 

The infants with tumors received 
various treatments. Twenty-three 
were treated by operation, four by 
radiation therapy, and 12 by both 
operation and radiation therapy. Fif- 
teen patients were not treated. Table 
2 gives the distribution of treatment 
by site of the neoplasm. 

The average survival of the entire 
series was 43 months. Survival ranged 
from zero, in cases diagnosed at 
autopsy, to 30 years in a person who is 
still living. Twenty of the 54 children 
died within one month of diagnosis, 
and 31 or more than half died within 
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six months. Figure 4 shows the cumu- 
lative probability of survival at each 
three-month interval up to five years 
from diagnosis. Probability of surviv- 
al at one year is .39, at two years .30, 
and at five years .23. Of the ten 
children alive five years after diagno- 
sis, three died of their tumors, one as 
late as 22 years after diagnosis. Seven 
patients are still alive more than five 
years after diagnosis. 

Survival variéd relative to the loca- 
tion of the neoplasm, as seen in Fig 5. 
With cerebral hemisphere tumors, 
there were seven deaths (35%) in the 
first month; the probability of surviv- 
al at one year was .39 and .28 at five 
years. The average survival was 46 
months. In the brain stem, there were 
fewer early deaths; the probability of 
surviving one and two years was .56 
and .42, respectively. However, no 
child with a brain stem tumor 
survived five years. The average 
survival of children with tumors of the 
brain stem was 21 months. Among 
children with cerebellar tumors, there 
were ten deaths in the first month 
(48%). Probability of surviving one 
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Fig 1.—Year of birth: a fairly constant number of intracranial tumors have been 
diagnosed in infants born each year since 1950. 
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Fig 2.—Age at diagnosis: there was no peak age at diagnosis of intracranial 
neoplasms. 
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and five years was .33 and .23, respec- 
tively, and average survival was 51 
months. 

The average survival of infants 
with each histopathologic type of 
neoplasm was as follows: Infants with 
dermoids/teratomas and choroid plex- 
us papillomas experienced the longest 
average survival, 113 and 116 months, 
respectively. Of the 16 patients with 
medulloblastomas, 12 died within a 
year; however, two long-term survi- 
vors who lived more than 20 years 
increased the average survival to 41 
months. The nine children with epen- 
dymomas and ependymoblastomas 
lived an average of five months, and 
only two of them lived longer than one 
year. Average survival of children 
with other types of neoplasms in- 
cluded the following: meningeal neo- 
plasm, 40 months; astrocytoma, 38 
months; glioblastoma multiform, 23 
months; optic glioma, 4 months; and 
tumor or glioma, 56 months. 

Although 34 infants died within one 
year of diagnosis, 18 patients survived 
longer than one year. Two infants are 
still alive but have been followed up 
for less than a year. The quality of 
survival, or level of functioning, of the 
long-term survivors was ascertained 
and is given in Table 3. Eight of the 18 
infants were known to be retarded or 
handicapped. Four were institutional- 
ized, two were in schools for retarded 
children, and two were quadriplegic or 
hemiplegic. 

The condition of six children living 
more than a year after diagnosis could 
not be discovered. Three children are 
known to be normal. One had a medul- 
loblastoma confirmed at operation, 
received radiation therapy, and is 
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Fig 3.—Location of intracranial tu- 
mors in infants: nearly half of 
tumors were located in cerebel- 
lum. 
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alive and holding a job 28 years later. 
One child had a choroid plexus papillo- 
ma removed and is alive 13 years later. 
One had a brain stem glioma that was 
radiated and the child is functioning 
normally 3% years later. 


COMMENT 


Tumors of the CNS in infants are 
the second most frequently found 
malignant neoplasms in this age 
group; only neuroblastoma is more 
common. These 54 cases represented 
8% of the tumors found in children 
(younger than 20 years of age) in 
Connecticut during the 40-year period 
under study.? As a group, the tumors 
presenting in the first 18 months of 
life are seen in this study to differ in 


Cerebral Brain Sella-Chiasm histopathologic type, location, symp- 
Treatment Total Hemispheres Stem Cerebellum Region 


ee eee 
— long-term outcome from childhood 
ae 
Osean and CNS tumors in general. 
Few studies on tumors in infants 
have been published. These have been 
hospital-based rather than population- 
based studies and, therefore, probably 
reflect the bias of referral patterns. 


Table 1.—Location of Tumors by Histopathologic Type 
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Medulloblastoma 16 
Ependymal neoplasm 
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Glioblastoma multiform 
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Table 2.—Treatment by Location of Neoplasm 
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TIME (months) Fig 5.—Survival by location: initially, greater percentage of 


infants with brain stem neoplasms were alive than those 
having tumors of other locations; however, after three 
years they constituted smallest percentage of survivors at 
any of intracranial locations (circle indicates cerebral 
hemispheres; triangle, brain stem; and square, cerebel- 
lum). 


Fig 4.—Survival of infants with intracranial tumors: proba- 
bility of surviving one year was .39 and by five years was 
.23. 
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Table 3.—Survival and Level of Function 


Cerebral 
Hemisphere 


Total 


Died < 1 yr after diagnosis 35 13 


Survived > 1 yr: 
Retarded or 
handicapped 


Normal 
Condition not known 
Followed up < 1 yr; alive 


Matson’ studied cases of intracrani- 
al neoplasms in children younger than 
2 years of age. In agreement with the 
present series, he found 23% medullo- 
blastomas, 14% ependymal neoplasms, 
and 8% dermoids/teratomas. Howev- 
er, astrocytomas comprised 20% of 
Matson’s series, perhaps due to the 
larger age range. 

As would be anticipated in a series 
of tumors presenting soon after birth, 
two histopathologic types of neo- 
plasms of antenatal origin are well 
represented: medulloblastomas, which 
are believed to arise from abnormally 
migrated cell rests in the cerebel- 
lum, and dermoids/teratomas, aris- 
ing from abnormally or ectopically 
differentiating cells.* These two types 
accounted for 39% of this series and 
were less frequent in later childhood, 
representing only 27% of tumors in 
persons up to 20 years of age. A third 
tumor of embryonic origin, the cranio- 
pharyngioma, which arises from epi- 
thelial and neurectodermal rests in 
Rathke’s pouch’ was not found in this 
series of infants. Azar-Kia et al 
reported a craniopharyngioma diag- 
nosed immediately after birth. How- 
ever, craniopharyngiomas are slow 
growing tumors, more often seen in 
the second decade of life than in the 
first.2 Therefore, despite their antena- 
tal origin, it is not surprising that no 
cases were diagnosed in infancy. 
Antenatal neoplasms have been re- 
viewed by Solitare and Krigman.” 

Three choroid plexus papillomas 
were found in infants, and none were 
diagnosed in the Connecticut series 
between infancy and age 20 years. 
Similarly, Matson? reported finding 
no choroid plexus papillomas in chil- 
dren older than age 3 years. 

Infratentorial tumors are generally 
recognized to be more frequent in 
children than supratentorial; in Con- 
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necticut, the ratio was 1.6:1. In 
infants, the ratio was only 1.2:1. This 
is due to the relatively high incidence 
of cerebral hemisphere tumors, of 
which more were diagnosed in the 
first year of life than in any year up to 
the age of 10 years. Tumors of the 
sella-chiasm region (craniopharyngio- 
mas, optic gliomas, and pituitary 
tumors) on the other hand, were 
represented by only one optic glioma, 
though they accounted for 14% of all 
intracranial neoplasms in children 
from Connecticut." 

The nearly equal occurrence of 
tumors in male and female infants is 
also at variance with the situation in 
later childhood. Other authors have 
similarly noted that the male predom- 
inance almost universally found in 
childhood CNS neoplasms does not 
occur in infants. Especially of note 
are the ratios of 1:1 for cerebral hemi- 
sphere tumors and 0.7:1 for cerebellar 
tumors, in view of the male to female 
ratios for these locations in the series 
of children from Connecticut that 
were 1.6:1 and 1.8:1, respectively. 
Fessard" noted that posterior fossa 
tumors became more frequent and 
cerebral hemisphere tumors less fre- 
quent as age increased from birth to 2 
years. This was not found in our 
series, where the occurrence of tumors 
in each region was fairly constant 
throughout the period under study. 

Six children had tumors that pro- 
duced signs at birth or in the first few 
days of life, and these tumors certain- 
ly may be considered to have been 
present antenatally.'* One infant had 
advanced hydrocephalus at birth and 
was found to have an ependymoblas- 
toma of the cerebral hemisphere. 
Three others had rapidly increasing 
head cireumferences in the first days 
of life and had a supratentorial 
meningioma, a cerebral ependymoma, 


and a thalamic teratoma. Two chil- 
dren had extracranial masses in the 
occiput that were palpable at birth, 
and both proved at craniotomy to have 
midline cerebellar dermoids. 

The symptoms that brought these 
patients to medical attention are all 
observations by another person, since 
an infant cannot offer specific com- 
plaints. Ready expansion of the skull 
when the sutures are not fused occurs 
in response to a growing intracranial 
lesion. Growth of the head will take 
place even more rapidly if the lesion 
obstructs the flow of the CSF. It is not 
surprising, therefore, that in nearly 
half of these infants, rapidly increas- 
ing head circumference was noted. 
However, the enlargement of the 
cranial vault delays the development 
of increased intracranial pressure and 
its symptoms. This fact probably 
accounts for the scarcity of other 
symptoms in this group of patients. 
Vomiting, the only symptom, besides 
enlargement of the head, occurring in 
more than six children, may result 
from increased intracranial pressure 
or from direct tumor effect on medul- 
lary centers. In addition, infants have 
a very low threshold for vomiting and 
regurgitation. 

Developmental regression is a sen- 
sitive indicator of CNS disturbance in 
a nonambulating, nonverbal infant. 
The loss of a previously acquired skill, 
such as rolling over, sitting, or crawl- 
ing was a symptom observed in seven 
patients, and in two of these, it was 
the only symptom in addition to 
abnormal growth of the head. Three 
infants demonstrated the combina- 
tion of weight loss, voracious appetite, 
and hyperalertness, which is termed 
“diencephalic syndrome.'"*^? One had 
an astrocytoma of the hypothalamus, 
one had a diencephalic tumor of 
unspecified pathological condition, 
and one had a midline suprasellar 
astrocytoma. The excellent appetite of 
children with diencephalic syndrome 
distinguishes the syndrome from oth- 
er causes of emaciation in infants 
with tumors, such as loss of appetite, 
poor feeding, and recurrent vomiting, 
all of which occurred in several of our 
patients. 

The physical findings were more 
varied than the symptoms. Nearly 


Intracranial Neoplasms—Farwell et al 


half of the children had an increased 
head circumference, often accompa- 
nied by a bulging fontanelle or promi- 
nent veins over the scalp. The rarity of 
papilledema, which was seen in only 
two children, attests to the relief of 
pressure afforded by the expansion of 
the intracranial space. Cranial nerve 
palsies, most frequently an isolated 
sixth nerve palsy, occurred in infants 
with tumors in all locations. However, 
nystagmus occurred in cerebral hemi- 
sphere or brain stem tumors only, and 
was not found in cerebellar tumors. 
Matson? similarly noted in older chil- 
dren that nystagmus was not charac- 
teristic of cerebellar tumors. It is 
worth remarking that the findings 
associated with CNS irritation in 
infants, irritability, high-pitched ery, 
and meningismus, were uncommon or 
not found in infants with tumors. 
Lethargy was more usual. Finally, 
paresis and ataxia, frequent findings 
in older children with tumors, were 
reported to be present in very few 
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patients. This most likely reflects the 
difficulty of detecting these deficits 
in an infant. 

Average survival of the children in 
this series, 43 months, was quite simi- 
lar to the average survival of 53 
months found for the entire group of 
children from Connecticut (younger 
than 20 years of age) with intracranial 
neoplasms. However, one and two 
year probabilities of survival were 
considerably smaller in the infants 
(.39 and .30) as compared with all 
children (.57 and .48). Further analysis 
showed that this difference was due to 
the large number of infants dying 
within the first month after opera- 
tion, and to the relatively larger 
number of infants in whom a tumor 
was unsuspected and, therefore, diag- 
nosed only at autopsy. Indeed, dis- 
counting operative mortality and au- 
topsy diagnoses by analyzing the 
group of infants alive one month after 
diagnosis, the course of the infants is 
comparable with the course of the 
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corresponding group of all children 
alive one month after diagnosis of an 
intracranial neoplasm. The difficulty 
in diagnosing brain tumors in infants 
undoubtedly is a factor in the 
increased number of diagnoses at 
autopsy. The extreme sensitivity of 
infants to blood loss, hypothermia, 
and fluid imbalance may contribute to 
the operative mortality. 

The long average survival of pa- 
tients with choroid plexus papillomas 
is in agreement with Matson, who 
emphasized that these are histologi- 
cally benign lesions that usually can 
be totally extirpated. Another more 
frequently found tumor is the der- 
moid/teratoma.'* Like choroid plexus 
papillomas, these are perhaps more 
closely related to congenital malfor- 
mations than to malignant neoplasms 
and also carry a good prognosis. 
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Delayed Cerebrovascular Consequences 
of Radiation to the Neck 


A Clinicopathologic Study of a Case 


Ettore Nardelli, MD; Antonio Fiaschi, MD; Giuseppe Ferrari, MD 


€ A man had a stroke 27 years after 
radiation therapy to the neck for treatment 
of laryngeal papillomas. 

There were premonitory symptoms sug- 
gesting cerebral ischemia. In contrast to 
many previously reported cases, in our 
patient there is a strong relationship 
between radiation therapy and stroke. 

Pathoanatomic study of the surgical 
vascular specimen strongly suggests that 
radiation is a potentially modifiable cause 
of delayed stroke. 

(Arch Neurol 35:538-540, 1978) 


umerous previous reports'? have 

discussed the role of radiation in 

producing vascular change in the CNS 
following therapeutic radiation. 

We have recently studied a patient 
in whom the symptoms were those of 
a slowly progressive stenosis of the 
internal carotid artery and its pri- 
mary branches 27 years after radia- 
tion therapy to the neck for recurrent 
laryngeal papillomas. 


REPORT OF A CASE 


A 32-year-old man was admitted to our 
clinic for acute right-sided hemiplegia and 
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aphasia. In the three months prior to his 
admission, he had had transient episodes 
of right-sided hemiparesis, occasionally 
accompanied by dysphasia, always clearing 
within 24 hours. 

At 3 months of age he had developed 
symptomatic multiple laryngeal papillo- 
mas. When 2 years old, a tracheostomy was 
done for acute upper airway obstruction 
and he had been aphonic since then. At 
about age 3 he underwent surgery for the 
papillomas and was treated with radiother- 
apy with a total dose of 900 rads. In the 
following three years he underwent five 
more courses of radiotherapy to the neck, 
with 900 rads total dose each time, at four- 
month intervals, for recurrence of the 
laryngeal papillomas, which were causing 
serious airway obstruction. After age 5 the 
patient no longer complained of breathing 
difficulties. There was no other significant 
medical illness. Review of systems was 
unrewarding. Abnormal findings were 
thickened and indurated skin and subcuta- 
neous tissues in the anterior part of the 
neck. It was impossible for the patient to 
fully extend the neck (Fig 1). The left 
carotid pulse could not be palpated. 

Neurologic examination showed an 
awake but anomic patient unable to follow 
simple commands. A flaccid right-sided 
hemiparesis with the upper extremity 
more involved than the lower and a hemi- 
sensory loss including the face were 
evident. Except for right central facial 
paresis, the results of a cranial nerve exam- 
ination were within normal limits; in 
particular, visual fields were intact. Labo- 


ratory findings, including lipid profile, 
were within normal limits. 

Left internal carotid arteriography was 
carried out by direct puncture. At fluoros- 
copy contrast reflux into the left common 
carotid artery indicated advanced and 
irregular narrowing of this artery at its 
bifurcation. The vessels of the neck showed 
marked narrowing and intimal irregulari- 
ties of both the extracranial and intracra- 
nial carotid system including the upper 
part of the carotid siphon with thrombosis 
of the supracavernous carotid artery distal 
to the origin of ophthalmic artery (Fig 2). 

Right common carotid arteriography 
showed no significant changes in the neck 
or in the intracranial circulation. The right- 
sided injection filled both anterior cerebral 
arteries, both middle cerebral arteries, and 
the distal portions of the left internal 
carotid artery: the latter showed irregular- 
ities of its lumen consistent with thrombus 
formation. 

The left middle cerebral artery showed a 
progressive narrowing with block of flow 
about 2 em distal to origin (Fig 3). 

The patient subsequently underwent 
reconstruction of the left carotid bifurca- 
tion with end-to-end common to external 
and end-to-side internal to common carotid 
artery anastomoses. 

Microscopic examination of the excised 
carotid bifurcation showed marked struc- 
tural changes. The internal elastica lamel- 
lae could not be visualized. The various 
histologic layers were fused, the tunica 
externa was thickened and fibrotic, there 
were voluminous sclerocalcific plaques and 
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Fig 1.—Patient's neck: radiation field. 





Fig 2.—Carotid arteriogram showing thrombosis of supracavern- Fig 3.—Carotid arteriogram showing narrowing and luminal irreg- 

ous left carotid artery. ularities of supraclinoid portion of left internal carotid artery 
visualized by right-sided injection; thrombosis of proximal portion 
of left middle cerebral artery. 
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Fig 4.—Left carotid artery showing marked structural changes (paraffin hematoxylin- Fig 5.—Sclerocalcific plaques (hematoxy- 
eosin, x 20). lin-eosin, original magnification x 54). 
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mural thrombi (Fig 4 and 5). Postopera- 
tively the patient’s right-sided hemiparesis 
and aphasia gradually improved. 

Six months later computerized axial 
tomographic scanning showed a moderate- 
ly dilated left frontal horn and a wedge- 
shaped area of decreased absorption 
extending posterolaterally from the left 
frontal horn, compatible with a remote 
infarct in that area. 

Examination eight months later showed 
only subtle right-sided signs limited to 
some impairment of fine manual dexterity. 
However, the patient complained of transi- 
tory attacks of blurring of vision when 
stretching the neck and standing up. 


COMMENT 


There are an increasing number of 
reports regarding the important role 
played by radiotherapy in producing 
arterial wall changes both in adults 
and children. This vascular damage is 
caused by a high absorption of radia- 
tion leading to depolymerization of 
the collagenous fibers.' Infiltration of 
fat into the intima follows with 
adventitial fibrosis and obstructive 
changes.^? These changes very strong- 
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ly suggest those found in hyperten- 
sion and hypercholesteremia that 
were absent in our patient.* Occlusive 
vascular diseases secondary to radia- 
tion-induced vasculopathy have been 
reported in adults following treat- 
ment for pituitary adenomas,’ Hodg- 
kin's disease,’ carcinoma of the vocal 
cords,’ and cancer involving neck 
structures.* In childhood, cerebrovas- 
culopathy following radiation has 
been documented in patients with 
hemangioma,"'^ retinoblastoma or 
medulloblastoma," and optic nerve 
glioma.™ >? The accompanying symp- 
tomatology has included transient 
ischemic attacks. 

Delayed radiation injury to the CNS 
and blood vessels usually occurs 
between 4 months to 12 years after 
completion of radiotherapy and may 
follow dosages currently considered 
acceptable. Uncommonly, radiation 
injury may become symptomatic 
much later, as in the case described by 
Painter et al" (24 years) and in our 
patient (27 years). 
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External Hydrocephalus 


Karly Finding in Congenital Communicating Hydrocephalus 


William C. Robertson, Jr, MD, Manuel R. Gomez, MD 


e Dilation of the subarachnoid chan- 
nels overlying the cerebral hemispheres, 
ie, external hydrocephalus, can be an 
early anatomic-radiologic finding in some 
infants with congenital communicating 
hydrocephalus. This structural change 
may progress to ventricular dilation or 
internal hydrocephalus. Enlargement of 
the subarachnoid channels appears to 
occur during the first stage in the develop- 
ment of congenital communicating hydro- 
cephalus, which is to say that the suba- 
rachnoid compartment allows accumula- 
tion of CSF before there is significant 
ventricular distention, at least in some 
infants. When a pneumoencephalogram 
or a CT scan is performed at this stage, 
the findings may falsely suggest "cerebral 
atrophy." In six patients who received this 
grave neuroradiologic diagnosis, five sub- 
sequently developed normally and the 
sixth has static incoordination or clumsi- 
ness and mild intellectual deficiency. 

(Arch Neurol 35:541-544, 1978) 


euroradiologic studies on infants 
who have signs or symptoms of 
elevated intracranial pressure occa- 
sionally demonstrate enlargement of 
the subarachnoid spaces suggestive of 
cerebral atrophy, yet neither the phys- 
ieal findings nor the developmental 
history is compatible with such a 
radiologie diagnosis. Walter Dandy: 
introduced the term "external hydro- 
cephalus" to describe infants with 
inereased intracranial pressure and 
dilated subarachnoid spaces. There 
have been few subsequent reports of 
this observation. Using computed to- 
mography (CT) of the head or pneu- 
moencephalography to investigate in- 
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fants with excessive head growth, we 
have found a small number of macro- 
cephalic patients who had dilated 
subarachnoid channels but no signifi- 
cant ventricular enlargement. 


PATIENTS AND METHODS 


We reviewed the clinical histories and 
the roentgenographie findings in all 
patients less than 2 years of age seen at the 
Mayo Clinic between 1972 and 1976 for 
evaluation of macrocrania or excessive 
head growth. Seventy-six patients were 
identified, and 54 of these children had 
clinical and roentgenographic findings of 
hydrocephalus. 


No. of 

Patients 
Hydrocephalus 54 
Communicating 25 
Obstructive 24 
Unclassified 5 
Macroencephaly 22 
Total 76 


Among the 25 patients with communicat- 
ing hydrocephalus, 14 had neither clinical 
nor roentgenographic evidence of central 
nervous system disease. None of these 14 
patients appeared to have obstruction of 
the CSF circulation. Radioisotope flow 
studies were not performed. Six infants in 
this group had radiologically demonstrable 
wide cerebral sulci and enlarged CSF 
cisterns but normal or only mildly dilated 
cerebral ventricles. 


REPORT OF CASES 


CasE 1.—A 6-month-old male infant was 
referred for evaluation of possible hydro- 
cephalus. His head circumference mea- 
sured 46 cm, and the anterior fontanelle, 
which was tense, measured 6 x 6 em. 
There was an extensive area of transillu- 
mination over the anterior head regions. 
Pneumoencephalography showed no sig- 
nificant enlargement of the ventricular 
system but a relatively large amount of air 
accumulated over the cerebral hemi- 
spheres, a finding suggestive of cortical 
atrophy. 

Follow-up examination demonstrated 


normal psychomotor development despite 
persistent excessive head growth. A second 
pneumoencephalogram seven weeks after 
the first showed only minimal ventricular 
dilation in addition to further enlargement 
of the subarachnoid spaces (Fig 1). A third 
pneumoencephalogram, when the patient 
was 12 months old, demonstrated suffi- 
cient ventricular enlargement to warrant a 
lumbar subarachnoid-peritoneal shunt. Af- 
ter the shunt the abnormal head growth 
was arrested and the head then grew at a 
normal rate. Over the subsequent three 
years the child has done well; CT scans, 
including one at 8 years of age, have been 
normal or have shown minimal ventricular 
dilation. The subarachnoid space around 
the cerebral convexity is no longer 
enlarged (Fig 2). 

Case 2.—A 3-month-old male infant was 
referred because of a rapidly enlarging 
head. Between birth and 3 months of age, 
his head circumference had increased from 
36.8 to 44.5 cm. Examination showed 
dilated scalp veins. The anterior fontanelle 
measured 4.5 x 3 cm and was full to palpa- 
tion. Transillumination of the head was 
diffusely increased. Computerized tomog- 
raphy of the head demonstrated dilation of 
the subarachnoid spaces and widening of 
the interhemispherie fissure and the 
sylvian cisterns. Four subsequent CT scans 
over two years disclosed similar findings 
(Fig 3 and 4), with only minimal dilation of 
the lateral ventricles. The patient was last 
examined at the age of 27 months; he was 
developing normally and had no signs of 
increased intracranial pressure. Head size 
had remained above the 97th percentile, 
but the rate of head growth was parallel to 
the normal curve for head growth. The 
patient’s father was noted to have a large 
head—it measured 59 cm in circumfer- 
ence—but the CT scan was normal. 

CaAsE 3.—A l-year-old boy was referred 
because of macrocrania. Psychomotor de- 
velopment had been normal, but the head 
circumference had increased 17.5 em since 
birth. Physical examination demonstrated 
dilated scalp veins, a tense anterior fonta- 
nelle, and extensive transillumination. The 
head circumference was 52.1 cm. Pneu- 
moencephalography demonstrated mild 
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Fig 1.—Case 1. Pneumoencephalograms. Top left, Lateral view in brow-up position. Top 
right, Lateral view in brow-down position. Bottom left and right, Anteroposterior and 
posteroanterior views showing large collection of air over left and right cerebral hemi- 
spheres, wide cerebral sulci, and only slightly enlarged ventricles. 
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enlargement of the lateral ventricles, 
widening of the cerebral sulci, and dilated 
cerebral subarachnoid spaces. Follow-up 
examination continued to show excessive 
head growth and signs of increased intra- 
cranial pressure. Pneumoencephalography 
at 2 years of age demonstrated moderate 
ventrieular dilation, but the subarachnoid 
spaces were no longer distended. Because 
of the continuous excessive head growth 
and signs of increased intracranial pres- 
sure, along with the finding on pneumoen- 
cephalography of moderate ventricular 
dilation, a ventriculoperitoneal shunting 
procedure was performed. The patient has 
subsequently done well. 

Case 4.—A l-week-old male infant was 
seen because of a large head and signs of 
increased intracranial pressure. A pneu- 
moencephalogram demonstrated enlarged 
basal cisterns and wide cerebral sulci, but 
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was done. 


the ventricular system was normal in size. 
Follow-up clinical examination continued 
to show head circumferences above the 
97th percentile, although the rate of 
growth was parallel to the normal curve for 
head growth. A CT scan six months after 
the pneumoencephalogram showed moder- 
ate ventricular dilation, but subarachnoid 
spaces were of normal size. At the time of 
the patient's last clinical evaluation, at 7 
months of age, he appeared bright and 
alert and demonstrated normal psychomo- 
tor development. 

Case 5.-A  16-month-old child was 
referred to us because of a large head. His 
head circumference measured 52.5 em, and 
transillumination of the head was exces- 
sive. Three CT scans over nine months 
showed minimal ventricular dilation but 
large subarachnoid spaces and particularly 
dilated basal cisterns. Subsequent mea- 


Fig 3.—Case 2. Computerized tomography scan of patient at age 
4 months shows enormous dilation of subarachnoid spaces over 
cerebral convexity. 


Fig 2.—Case 1. Computerized tomography scan showing 
minimally enlarged lateral ventricles and normal subarach- 
noid channels over cerebral convexities, several years 
after lumbar subarachnoid-peritoneal shunting procedure 





Fig 4.—Case 2. Computerized tomography scan of patient 
at age 27 months shows only slight dilation of subarach- 
noid space over frontal poles and moderate ventricular 
enlargement. No shunting procedure was done. Patient 
has remained asymptomatic except for head circumfer- 
ence measurement above 97th percentile. 


surements of the head have demonstrated 
circumference above the 97th percentile 
but a rate of head growth parallel to the 
normal. When the patient was last seen, at 
34 years of age, he continued to demon- 
strate normal psychomotor development. 
CASE 6.—A male infant was evaluated at 
4 months of age because of a large head 
and symptoms of increased intracranial 
pressure. The anterior fontanelle measured 
9 X 5 em and was tense to palpation. The 
scalp veins were dilated and there was 
excessive transillumination over the fron- 
toparietal areas. The head circumference 
measured 42.5 cm. Computerized tomogra- 
phy of the head disclosed mild ventricular 
dilation and enlargement of the interhemi- 
spherie fissure. Pneumoencephalography 
showed enlarged subarachnoid spaces over 
the cerebral convexities. Unfortunately, 
this patient did not return to the Mayo 
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Findings in Six Infants With External Hydrocephalus 


Enlarged and/ 
or Tense Anterior 
Fontanelle 


Transillu- 
mination 


Age at 
Case Onset 


Clinie for follow-up. Correspondence with 
the patient's physician indicates that after 
1 year of age this child has had no signs of 
increased intracranial pressure, although 
he is clumsy and the acquisition of motor 
milestones has been "mildly" delayed. 


COMMENT 


The six patients described herein 
shared a number of clinical features. 
Five had a head cireumference above 
the 97th percentile when they were 
first examined, and all had one or 
more signs of increased intracranial 
pressure (Table). Neuroradiologic 
studies of each patient initially dem- 
onstrated enlarged subarachnoid 
spaces suggestive of cerebral atrophy. 
The typical pneumoencephalographic 
findings of these patients included 
moderate to large collections of air 
over the cerebral convexities and wide 
cerebral sulci (Fig 1), but the cerebral 
ventricles were normal in size or mild- 
ly enlarged. Computerized tomogra- 
phy scans demonstrated enlarged ce- 
rebral subarachnoid channels, ie, wide 
cerebral fissures and dilated CSF 
cisterns (Fig 3 and 4). This radiologic 
picture is compatible with external 
hydrocephalus, which in all cases was 
an early finding of congenital commu- 
nicating hydrocephalus; it preceded or 
coincided with the development of 
internal hydrocephalus and was not 
found subsequently when the hydro- 
cephalus was arrested spontaneously 
or following a shunting procedure 
(Fig 2) or when significant ventricular 
dilation or internal hydrocephalus 
developed. 

Clinical and experimental evidence 
indicates that the major site of CSF 
drainage is from the subarachnoid 
channels over the cerebral hemi- 
spheres,” via the superior longitudi- 
nal sinus. If the arachnoid villi fail to 
reabsorb enough of the CSF formed 
by the choroid plexus in the ventricles, 
as presumably happens in congenital 
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Psycho- 
motor Shunting 
Develop- Per- 
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Normal 
Normal 
Normal 
Normal 


Dilated 
Scalp 
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communicating hydrocephalus, the 
subarachnoid channels adjacent to the 
arachnoid villi will be the first CSF 
compartment (or reservoir) to be 
dilated as a result of the increased 
pressure. As dilation of these channels 
reduces the CSF pressure, an equilib- 
rium is reached before further dila- 
tion of the subarachnoid channels, or 
external hydrocephalus, occurs. If 
drainage of fluid does not accelerate 
after this initial stage, the increasing 
CSF pressure transmitted to the cere- 
bral ventricles will result in their 
enlargement since they are in commu- 
nication.” Progressive expansion of 
the cerebral hemispheres causes grad- 
ual obliteration of the dilated suba- 
rachnoid spaces. Internal hydrocepha- 
lus without external hydrocephalus 
would be the final stage of communi- 
cating hydrocephalus. It follows that 
only in those with not very severe 
communicating hydrocephalus (per- 
haps only some of those who will have 
spontaneous arrest) will the above- 
described stages develop slowly 
enough to permit neuroradiologic rec- 
ognition. Conversely, in those infants 
with a severe CSF absorption defect 
and a rapidly growing head, internal 
hydrocephalus but not dilated suba- 
rachnoid spaces or external hydro- 
cephalus will be demonstrated with 
the initial neuroradiologic examina- 
tion. (One could also propose that as 
the infant’s head expands rapidly 
with the spreading of the cranial 
sutures, the immediate result is an 
enlargement of the space directly 
beneath the cranial bones. In other 
words, the subarachnoid space around 
the cerebral convexity and not the 
cerebral ventricles will be the first 
compartment to be decompressed, for 
although these two compartments are 
in communication, the Sylvian aque- 
duct is long and narrow enough to 
slow down the flow of CSF into the 
subarachnoid compartment.) 


Dilated subarachnoid channels are 
demonstrable by pneumoencephalog- 
raphy or CT scanning and may be 
erroneously interpreted as a sign of ` 
cerebral atrophy. To our knowledge, 
values for the size of subarachnoid 
spaces and width of cerebral fissures 
are not yet available for normal chil- 
dren.*' Barron and co-workers? have 
recently described changes in ventric- 
ular size associated with aging as 
determined by CT scanning, but simi- 
lar normative data for the size of the 
cerebral fissures and the subarachnoid 
spaces of infants and children are not 
available. However, pneumoencepha- 
lograms and CT scans performed in 
children with disorders not known to 
be associated with increased intra- 
cranial pressure or with cerebral atro- 
phy have provided the rough visual 
dimensions of the subarachnoid chan- 
nels. Admittedly, this is a tenuous 
basis on which to decide when the 
subarachnoid space is abnormally 
large, but at present no better method 
is available. 

The practical implication from our 
cases is that CT and pneumoencepha- 
lography performed during the early 
stage of congenital communicating 
hydrocephalus may falsely suggest 
cerebral atrophy. In our experience, 
five of six patients who were in this 
category and could have been given a 
poor prognosis subsequently devel- 
oped normally, and the sixth child has 
only mild incoordination and border- 
line delay in deveiopment. 
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Brief Communications and Clinical Notes 


Hemifacial Spasm Due to Aneurysmal 


Compression of the Facial Nerve 


Joseph C. Maroon, MD; L. Dade Lunsford, MD; Ziad L. Deeb, MD 


è Hemifacial spasm developed in a 
woman as the only symptom of an aneu- 
rysm of the posterior inferior cerebellar 
artery. Using microdissecting techniques, 
the aneurysm was clipped and moved 
from its distorting position at the brain 
stem exit zone of the seventh nerve. After 
surgery, she experienced immediate relief 
of her facial spasm of six years’ dura- 
tion. 

This case supports the finding that 
hemifacial spasm may be caused by 
vascular lesions of the seventh nerve at 
the brain stem junction. Recent surgical 
experience indicates that the majority of 
the hemifacial spasm cases may be due to 
normal but ectatic blood vessels that 
cross-compress the most proximal por- 
tion of the seventh nerve. Relief may be 
affected without facial paralysis by a 
retromastoid microvascular decompres- 
sive procedure. 

(Arch Neurol 35:545-546, 1978) 


he cause of hemifacial spasm 

(HFS) remains the subject of 
considerable controversy.' The follow- 
ing case report of a successfully 
treated posterior fossa aneurysm that 
caused hemifacial spasm supports the 
hypothesis that vascular compression 
at the junction of the seventh nerve 
and brain stem may be of causal 
importance. 


REPORT OF A CASE 


A 54-year-old woman was first admitted 
to the hospital on June 8, 1976, for evalua- 
tion of typical left HFS. Her symptoms 
began approximately six years prior to 
admission and were initially characterized 
by single twitches in the area of the orbi- 
cularis oculi muscle. Gradually, these 
twitches progressed to involve the entire 
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musculature innervated by the facial nerve 
and were maximal in the periorbital area. 
Anxiety, fatigue, and “tension” definitely 
aggravated the frequency and severity of 
the spasms. They were involuntary and 
frequently noticed during sleep by her 
husband. 

Initial treatment consisted of tranquiliz- 
ers, muscle relaxants, and hypnotic drugs— 
all unsuccessful. Psychiatric evaluation and 
therapy were subsequently recommended 
but considered inappropriate by both the 
patient and her spouse. 

Approximately two years prior to admis- 
sion, the sudden onset of “numbness” and 
“heaviness” involving the left side of her 
body and also associated severe right fron- 
toparietal headache developed. She was 
hospitalized, and the findings of the neuro- 
logical examination and results from a 
lumbar puncture were reported to be 
normal. Bilateral carotid angiograms were 
also normal with the exception of an infun- 
dibular dilation at the origin of the posteri- 
or communicating artery on the left. 

After this episode, she resumed her 
normal activities, and her only medical 
problem was that of the persistent and 
worsening hemifacial spasm. On several 
occasions, an ophthalmologist attempted to 
block the left facial nerve with lidocaine 
HCI (Xylocaine HCl), with no permanent 
relief, and he eventually referred her for 
neurosurgical evaluation. 


Physical Examination 


The patient was an alert, cooperative 
woman with normal vital signs. The results 
on examination of all major systems 
showed no substantial abnormalities. The 
only neurological abnormality was con- 
fined to the distribution of the seventh 
cranial nerve. On observation, she had 
intermittent muscular spasms of the entire 
left side of her face and platysma. These 
spasms were increased in frequency and 
intensity by active use of the facial muscles 
and by mental stress produced by the 
physical examination. In addition, there 
was slight left-sided facial weakness, most 
notably at the angle of the mouth. The 
remainder of the findings of the neurolog- 
ical examination were normal. 


Laboratory Examination 


Routine urinalysis, VDRL, blood chemis- 
try studies using an automated 12-factor 
analysis system, skull roentgenograms, 
brain scan, computerized tomography, 
EEG, audiogram, postural studies, and 
electronystagmography were within nor- 
mal limits. 

On June 15, 1976, cerebral angiography 
was performed. An infundibular dilation at 
the origin of the posterior communicating 
artery was seen on the left side that, when 
compared to angiograms obtained two 
years previously, had not changed in size. 
Selective catheterization of the left verte- 
bral artery demonstrated a loop of the 
vessel projecting into the left cerebellopon- 
tine angle. Furthermore, at the bifurcation 
of the vertebral artery with the posterior 
inferior cerebellar artery (PICA), there 
was a berry aneurysm of approximately 3 
mm in transverse diameter and 5 mm in its 
longitudinal dimension projecting dorsally 
into the area of the brain stem. Oblique 
views were obtained to delineate the neck 
of the aneurysm and its relationship to the 
posterior inferior cerebellar artery 
(Fig 1). 

After fully explaining to the patient the 
presumed causative role of the aneurysm 
to the facial spasms, she underwent an 
operation on June 17, 1976. A retromastoid 
craniectomy was performed through a left 
paramedian incision. Using the operating 
microscope and  microdissecting tech- 
niques, the arachnoid over the ninth, 10th, 
and llth cranial nerves was opened, and 
after medial retraction and elevation of the 
cerebellum, the PICA was followed to its 
origin. The neck of the aneurysm was 
clearly seen arising from the junction 
between the PICA and the vertebral 
artery. The dome, however, was not visible 
until the vertebral artery was retracted 
ventrally. At this point, the seventh nerve 
was seen noticeably deformed, stretched, 
and angulated across the dome of the aneu- 
rysm that was substantially indenting the 
brain stem at the seventh nerve entry zone 
(Fig 2). 

The neck of the aneurysm was clipped, 
and the dome was mobilized away from its 
adherent position to the seventh nerve and 
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Fig 1.—Vertebral artery angiogram (ob- 
lique projection) showing aneurysm at 
origin of posterior inferior cerebellar 
artery. 


Fig 2.—Schematic representation of aneu- 
rysmal compression of the seventh cranial 
nerve before and after clipping and mobil- 


ization of aneurysm. 


brain stem. A piece of polyvinyl chloride 
nonabsorbable sponge was then inserted 
between the dome of the aneurysm and the 
brain stem to maintain the aneurysm away 
from its original position. 

Postoperatively, the patient made a 
complete recovery with only minimal 
weakness persisting in the distribution of 
the facial nerve. Two weeks postoperative- 
ly, however, the progressive onset of facial 
nerve weakness developed on the left side. 
This was managed with high-dose dexa- 
methasone, and within two weeks her 
facial nerve function returned to its preop- 
erative strength. She has remained com- 
pletely free of spasms during a 16-month 
follow-up period and has maintained 
normal function of the facial nerve. 


COMMENT 


This case is unique because the 
berry aneurysm of the junction of the 
vertebral artery and PICA was clearly 
deforming and compressing the proxi- 
mal seventh nerve at its site of emer- 
gence from the brain stem, producing 
hemifacial spasm as the only clinical 
sign. Furthermore, surgical clipping 
of the aneurysm and mobilization of 
the dome away from its irritative 
focus by microdissecting techniques 
completely relieved the HFS. This 
clear anatomicoclinical correlation 
supports the hypothesis postulated by 
others that vascular abnormalities or 
anomalies may give rise to HFS. 

Isolated autopsy and clinical case 
reports of aneurysms causing hemifa- 
cial spasm date back to at least 1875.° 
In 1962, Gardner and Sava? empha- 
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sized the vascular cause of pathologi- 
cal as well as normal aberrant or 
tortuous blood vessels in the cause of 
hemifacial spasm. In 13 of 18 patients 
operated on for HFS, they found three 
eirsoid aneurysms, three arterial mal- 
formations, and seven redundant 
aberrant loops of either the anterior 
inferior cerebellar artery or the inter- 
nal auditory artery—all compressing 
the seventh nerve and/or its nucleus. 

Stimulated by the work of Gardner 
and his own observations on the cause 
and treatment of tic douloureux, 
Jannetta‘ in 1970, postulated that in 
those cases without obvious angio- 
graphic abnormalities, HFS might 
still be caused by ectatic or tortuous 
loops of normal vessels cross-com- 
pressing the seventh nerve at the 
brain stem level. In the last seven 
years, using the operating microscope 
and microdissecting techniques to 
enter an anatomical area formally 
associated with high morbidity, he 
and his associates have treated ap- 
proximately 47 patients by moving 
normal or ectatic vessels from their 
compression points on the seventh 
nerve or its nuclear area with general- 
ly excellent results and no mortali- 
ty. 
Neagoy and Dohn* in 1974, analyzed 
14 of their cases of hemifacial spasm. 
They concluded that the cause in all 14 
cases was an ectatic or elongated 
vertebral or basilar artery. Because 
preoperative vertebral angiography in 


four of their patients clearly demon- 
strated the vascular abnormality, they 
recommended angiography of the ver- 
tebrobasilar system preoperatively in 
all patients wiht hemifacial spasm. 
Many surgeons, however, have not 
had such a high correlation of demon- 
strated vascular abnormalities with 
angiography and, because of the older 
age group and the potential risks 
involved, do not routinely perform 
angiography. 

The present case adds further 
support to the hypothesis that vascu- 
lar compression of the seventh nerve 
and/or its root exit zone may result in 
hemifacial spasm. The surgical proce- 
dure advocated by Jannetta? and 
Hankinson and Wilson’ is the only 
nondestructive surgical approach and 
deserves further clinical evaluation. 
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Depletion of Serum Hemopexin 


in Fulminant Rhabdomyolysis 


Evidence for an Interaction of Hemopexin With Myoglobin-Derived Heme 


Bruce T. Adornato, MD; Lawrence J. Kagen, MD; Fred A. Garver, PhD; W. King Engel, MD 


e Hemopexin is a normal serum glyco- 
protein that functions as a carrier for 
intravascularly liberated free heme. Al- 
though its role is well established in the 
reutilization of hemoglobin-derived heme, 
there have been no previous clinical data 
to support its suspected interaction with 
heme released in the degradation of 
myoglobin. In a patient with fulminant 
rhabdomyolysis, we found depletion of 
serum hemopexin in the presence of high 
serum levels of myoglobin with normal 
levels of haptoglobin and hemoglobin. 
This combination of laboratory findings is 
evidence for an interaction between myo- 
globin-derived heme and hemopexin and 
implies a role for hemopexin in the catab- 
olism of myoglobin. These findings sup- 
port the proposed induction mechanism 
for observed increases of serum hemo- 
pexin in Duchenne muscular dystrophy 
and in polymyositis. 

(Arch Neurol 35:547-548, 1978) 
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Homes is a B, glycoprotein 
normally present in human se- 
rum. It functions as a carrier for the 
return of intravascularly liberated 
heme to hepatic parenchymal cells for 
iron reutilization. Free (unbound) 
hemopexin is synthesized in the liver? 
and normally circulates with a half- 
life of seven days? The binding of 
heme by hemopexin effects physio- 
chemical change* that results in avid 
uptake of the complex by the liver and 
a shortening of the hemopexin half- 
life to seven hours.* This phenomenon 
is responsible for the striking lower- 
ing of serum hemopexin concentra- 
tions in hemolytie diseases, as the 
capability of the liver for hemopexin 
synthesis is unable to compensate for 
the strikingly increased catabolic 
rate." 

The synthesis of hemopexin is 
experimentally inducible by heme 
itself? porphyrinogenie agents; or 
myoglobin.’ After a transient expo- 
sure to the provocative agent, serum 
levels are increased. When serum 
hemopexin levels are increased in the 
presence of chronic exposure, it is 
presumed that the quantity of heme 
or heme precursors in serum is of 
insuffieient magnitude to deplete the 
circulating pool of hemopexin. This 


may be the mechanism responsible for 
chronically increased levels of hemo- 
pexin in humans with acute intermit- 
tent porphyria’ and the earlier obser- 
vations,™® recently confirmed,*"' of 
increased hemopexin concentrations 
in the serum of patients with neuro- 
muscular diseases known”? (B.T. Ador- 
nato, MD, L. J. Kagen, MD, and W. K. 
Engel, unpublished data) to be accom- 
panied by increased myoglobin libera- 
tion from muscle cells. Despite this 
indirect evidence for a role of hemo- 
pexin in the disposition of myoglobin- 
derived heme, there are no previous 
clinical data to document this phenom- 
enon. 

We now report the acute depression 
of serum hemopexin in a patient 
suffering fluminant rhabdomyolysis 
with high levels of serum myoglobin 
and with normal low serum levels of 
hemoglobin by a new sensitive ra- 
dioimmunoassay. Results of this clini- 
cal study, in paralleling experimental 
animal data, provided more direct 
evidence for a role of hemopexin in 
the metabolism of human myoglobin- 
heme. 


REPORT OF A CASE 


A 17-year-old man was admitted to the 
National Institutes of Health Clinical 
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Center, Bethesda, Md, with a five-month 
history of intellectual deterioration, myo- 
clonic seizures, and difficulties with coordi- 
nation. He had had measles at age 1 year. 
His clinical, CSF, and EEG findings, being 
typical, were considered diagnostic of 
subacute sclerosing panencephalitis. He- 
moglobin, hematocrit, reticulocyte, hapto- 
globin, prothrombin time, bilirubin, serum 
protein electrophoresis, and creatine phos- 
phokinase (CPK) values were normal. 
Hemoglobin electrophoresis showed a nor- 
mal AA pattern. 

Several weeks after admission, fever, 
pulmonary infiltrates, and positive blood 
cultures for Staphylococcus awreus devel- 
oped. Because a positive reaction for "he- 
moglobin" was obtained on routine urinal- 
ysis and erythrocytes were not visualized 
on microscopic examination of the urine 
sediment, rhabdomyolysis was suspected. 
Serum CPK activity was 58,000 units/liter 
(normal, 50 to 100 units/liter), and 
remained increased for five days, confirm- 
ing the diagnosis. Hemoglobin and hema- 
tocrit remained normal. A repeat haptoglo- 
bin was 58 mg/dl (normal, 50 to 150 mg/dl). 
Despite vigorous antibiotic and pulmonary 
therapy, cardiovascular collapse developed 
on the eighth day after rhabdomyolysis 
and the patient died. 


Special Investigations 


Serum hemopexin was determined using 
a commercially available radial immuno- 
diffusion assay (Behring Diagnosties) on 
refrigerated serum obtained three days 
prior to the episode of rhabdomyolysis and 
during the height of the attack, yielding 
values of 70 and 12 mg/dl, respectively 
(normal range, 50 to 80 mg/dl) Serum 
myoglobin was 32.5 mg/dl on the second 
day of rhabdomyolysis as assayed by the 
complement fixation technique. ^'* The 
immunoassay is specific and demonstrates 
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no reaction with hemoglobin or other 
components of normal human serum or 
urine. Serum of normal individuals, not 
related to periods of active exertion, 
contains no detectable myoglobin with this 
method. Free serum hemoglobin was 4.2 
mg/dl by a recently developed radioimmu- 
noassay,' ^ which is a value well below the 
average found in normal human serum by 
this method. (The radioimmunoassay 
yields hemoglobin values approximately 
45 fold greater than those found by 
conventional  spectrophotometrie tech- 
niques [F. A. Garver, PhD, unpublished 
observation, December 1977]). 


COMMENT 


We have demonstrated acute de- 
pression of serum hemopexin concen- 
trations in a patient with acutely high 
serum levels of myoglobin, while the 
level of serum free hemoglobin was 
low and the serum haptoglobin level 
was normal. This combination of labo- 
ratory findings is evidence for an 
interaction between myoglobin-de- 
rived heme and hemopexin, and it 
implies a role for hemopexin in the 
catabolism of myoglobin, as supported 
by previous animal studies. Such a 
demonstration is dependent on the 
accurate differentiation of serum he- 
moglobin and serum myoglobin, which 
by conventional spectrophotometric 
techniques is difficult. Although elec- 
trophoresis can resolve myoglobin 
from hemoglobin, the sensitivity is 
low.'® The methods used herein 
involve immunochemical techniques 
to achieve accurate determinations. 
The normal serum haptoglobin levels 
corroborate that free serum hemoglo- 
bin levels were within the normal 
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range, and also reinforce previous p - 


data showing an inability of haptoglo- 
bin to bind myoglobin.” The decreas- 
ing of serum hemopexin levels in this 
patient is most likely secondary to its 
complexing with the heme moiety of 
the high-level circulating myoglobin 
and subsequent hepatic sequestration, 
with or without an additional hypo- 
thetical mechanism of serum hemo- 
pexin leaking into the damaged mus- 
cle fibers and there complexing with 
myoglobin heme. The alternative pos- 
sibility that hemopexin may have 
been decreased due to acutely im- 
paired hepatic dysfunction resulting 
in diminished hemopexin synthesis, 
seems unlikely in the absence of other 
evidence of hepatic disease, serum 
albumin, and bilirubin levels both 
having been normal at the height of 
rhabdomyolysis, and with the half-life 
of free hemopexin normally being 
seven days. A possibility of excessive 
loss of hemopexin in the urine is 
implausible because other serum pro- 
teins of equal or smaller molecular size 
remained at their normal serum 
concentrations. We thus propose that 
serum hemopexin is depressed in the 
presence of high circulating levels of 
myoglobin-derived heme as the result 
of a physiological mechanism not 
previously demonstrated clinically. 
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Letters to the Editor 


International Nomenclature 
of Diseases 


To the Editor.—The Council for Inter- 
national Organizations of Medical 
Sciences, conjointly with the World 
Health Organization, is engaged in a 
project for an “International Nomen- 
clature of Diseases," whose object is to 
provide a method by which medical 
practitioners throughout the world 
would use consistent terminology to 
describe diseases. This, it is believed, 
would simplify communication and 
complement the statistical informa- 
tion based on the WHO's Internation- 
al Classification of Diseases. The 
project is receiving support from the 
US Public Health Service, and fasci- 
cles presenting a provisional interna- 
tional nomenclature of certain sys- 
tems have already been published. 
Work is under way on a fascicle deal- 
ing with the nomenclature of disor- 
ders of the nervous system. If there 
are readers of the ARCHIVES who 
would like to collaborate on this 
project, we would be happy to provide 
them further information. We trust 
that we may keep your readers 
informed from time to time as to the 
progress of the project. 

A. H. T. RoBB-SMITH, MD, FRCP 

Medical Adviser 

Nomenclature Project 

Council for International 

Organizations of Medical 
Sciences 

c/o WHO 

Avenue Appia—CH 

1211 Geneva 27 

Switzerland 


We are pleased to draw the attention of a 
neurological audience to this ambitious 
and important work. Perhaps our societies 
will also wish to collaborate in the prepara- 
tion of the fascicle on disorders of the 
nervous system—EpD. 


Menstrual Meralgia 


To the Editor.—Remissions and inter- 
missions in meralgia paraesthetica 
may be so striking that the terms 
“periodic paresthesias" and "recur- 
rent paresthesias" have been used. 
The following case is one of periodic 
paresthesias associated with menses, 
which has not previously been empha- 
sized, although two cases were men- 
tioned in the neurological literature in 
1900.” 
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Report of a Case.—A 29-year-old woman 
was seen because of intermittent pain in 
her left lateral thigh. This began seven 
years previously but became most severe 
during the menses. Trauma had not been 
experienced. Therapy with birth control 
pills reduced the menstrual cramps and 
flow, but the painful, burning, aching 
sensation in her thigh continued. Results of 
previous electromyograms and myelo- 
grams were normal. As her menstruation 
subsided, she noticed the discomfort almost 
completely resolved. Findings from lapa- 
roscopy, intravenous pyelography, lumbo- 
sacral spine roentgenography, barium ene- 
ma, and sigmoidoscopy all were normal. 

Since then, the discomfort has recurred 
with each menstrual cycle, usually three to 
five days before its onset. Evaluation in 
1976 disclosed hyperesthesia and hypoes- 
thesia in the distribution of the lateral 
cutaneous nerve. Reevaluation by the 
gynecologist in respect to disease in the 
pelvis, eg, endometriosis, showed normal 
results. Amitriptyline hydrochloride (Elav- 
il) therapy (100 mg at bedtime) beginning 
five days before onset of menstruation 
through cessation of flow decreases the 
pain. 

Comment.—Meralgia paraesthetica 
is a common sensory mononeuropathy 
that is unusual in that it can be peri- 
odic in many cases. Cases have been 
reported that occurred in pregnancy, 
disappeared after delivery, and re- 
curred during subsequent pregnan- 
cies. 

To my knowledge, this is the third 
case in the literature that is clearly 
related to menses. The pathogenesis is 
not clear, but hormonal factors may be 
involved. 

E. WAYNE Massey, MD 

Dept of Neurology 

National Naval Medical Center 
Bethesda, MD 20014 
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Sensorimotor Stroke 
and Thalamocapsular Ischemia 


To the Editor.—I read with interest 
the article titled "Sensorimotor Stroke 
Due to Thalamocapsular Ischemia" 
published in the December issue of the 
ARCHIVES (34:739-741, 1977). In this 
article the authors state that their 
case appears to be unique. 

In 1960, the now late Garcin and I 
reported a rather similar case.' A tha- 
lamic lacuna was responsible for a 
chiro-oral sensory disorder as pre- 
viously described, associated at the 


beginning with an ipsilateral motor 
deficit of fingers. Postmortem exami- 
nation, six years after the onset of the 
symptoms, failed to disclose any 
substantial lesion in the internal 
capsule. However, we postulated that 
there is a transitory involvement of 
this structure that is due to the vicini- 
ty of the thalamic lesion. The slight 
demyelination of the internal capsule 
observed by Mohr and associates, in 
which ease the autopsy was performed 
three months after the stroke, would 
be in favor of this interpretation. 

J. LAPRESLE, MD 

Centre Hospitalier de Bicétre 

78, rue de Général Leclerc 

94270 Le Kremlin Bicétre, 

France 
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Should the Traditional Hatpin 
Be Discarded? 


To the Editor.—Clinical neurologists 
retain a certain conservative devotion 
to the bedside neurological examina- 
tion that has changed little in a half a 
century. They take pride in the tradi- 
tional approach: a careful history, 
observation, and efficient examina- 
tion in diagnosis and election of a 
rational course of action in patient 
management. 

In a sense, the neurologist is easily 
and inexpensively equipped. Requisite 
paraphernalia often may be tucked 
into pants or coat pockets or affixed to 
the lapel as in the case of the pin. 

It is the pin or similar instrument 
that should come under scrutiny. Our 
concepts of communicable disease are 
undergoing radical change. The casual 
transmission of serum hepatitis 
through the use of the pin in sensory 
testing seems to be a very real danger 
according to my colleagues in infec- 
tious disease. On a more ominous note, 
consider the revolutionary changes in 
our thinking relevant to certain neu- 
rological diseases formerly of un- 
known cause but now shown to be 
transmissible through some agency 
conveniently called “slow virus.” 
Modes of contagion of such diseases 
are only partially defined and the 
dimensions of this category are possi- 
bly larger than we imagine. 
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I believe we should discard the 
traditional hatpin (in favor of some- 
thing disposable) in moving from 
patient to patient in the same manner 
that we methodically wash our 
hands. 

E. T. Ajax, MD 

Neurology Service 

Veterans Administration Hospital 
Salt Lake City, UT 84148 


Transient Monoparesis in 
Acute Intermittent Porphyria 


To the Editor.—Transient monopare- 
sis is a rare manifestation of acute 
intermittent porphyria. It is impor- 
tant to establish the correct diagnosis 
since barbiturates and other drugs 
might precipitate much more serious 
neurologic manifestations of this dis- 
ease. 


Report of a Case.—A 16-year-old boy was 
admitted because of diffuse abdominal and 
right leg pain and weakness of one day's 
duration. He was unable to walk without 
assistance. The patient had recently been 
admitted to another hospital with the same 
symptoms that resolved spontaneously in 
72 hours. He had no known past exposure 
to barbiturates or any other drugs and had 
no unusual exertion before admission. An 
18-year-old sibling had undiagnosed recur- 
rent abdominal pain; the family history 
was otherwise unremarkable. 

The only abnormal findings consisted of 
diffuse abdominal tenderness, substantial 
right leg weakness that was more severe 
distally, painful dysesthesia of the right 
thigh and leg, and a decreased right ankle 
jerk. 

The following morning, the patient was 
asymptomatic and results of a neurologic 
examination were normal. Collection of 
24-hour urine specimens was begun on the 
second hospital day to determine 8-amino- 
levulinic acid and quantitative urine por- 
phobilinogen levels, which were normal. 
Findings of CSF, electromyography, and 
nerve-conduction studies also were normal. 
Erythrocyte | uroporphyrinogen-I-synthe- 
tase activity was 20 nmole/ml/RBC/hr, 
which is 50% below the limits of normal and 
is pathognomonic for acute intermittent 
porphyria. The patient’s father and one 
brother of three siblings also had 50% 
reduction of this enzyme. 


Comment.—Monoparesis of an up- 
per extremity has been reported in 
the literature, and exercise was 
believed to be a predisposing factor.'? 
It is probable that the enforced bed 
rest may have been a major factor in 
the patient’s transient course and 
rapid improvement. Since urinary 
porphyrin precursors are usually nor- 
mal, the erythrocyte uroporphyrino- 
gen-I-synthetase level is the only defi- 
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nitive test in the asymptomatic 
patient and may be used to screen 
other members of the family to warn 
such individuals and their physicians 
about the dangers of barbiturates and 
other precipitants of the acute mani- 
festations of porphyria.’ 
CHARLES M. PoskR, MD 
KEITH EDWARDS, MD 
Dept of Neurology 
University of Vermont 
College of Medicine 
Burlington, VT 05401 
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Venous Pulsations Not Always 
Indicative of Normal Intracranial 
Pressure 


To the Editor.-In the January 1978 
issue of the ARCHIVES (35:37-40, 1978), 
Levin states that the "... presence of 
spontaneous [central retinal] venous 
pulsations [prior to lumbar puncture] 
is a reliable indicator of an intracrani- 
al pressure below 180 to 190 mm 
H,O...." Our experience suggests 
that exceptions to his findings occur 
and may not be rare. 

Recently, within a one-month peri- 
od at Memorial Hospital, New York, 
we found elevated intracranial pres- 
sure (ICP) in four patients who were 
noted to have spontaneous central 
retinal venous pulsations (VPs) by 
direct ophthalmoscopie examination 
in both the sitting and recumbent 
positions before lumbar puncture 
(LP). Ophthalmoscopy disclosed other- 
wise normal fundi. The presence of 
VPs was also noted during LP in the 
left lateral decubitus position simulta- 
neously with the measurement of 
elevated ICP. None of the conditions 
of the patients showed evidence of 
acute change in neurologic status 
before or after LP. In cases 1, 2, and 4, 
intraocular pressure was estimated 
with a Schiótz tonometer and found to 
be normal. 


Report of Cases.—CASE 1.—A 17-year-old 
girl with acute lymphocytic leukemia who 
was without clinical or laboratory evidence 
of CNS involvement underwent LP for the 
administration of intrathecal methotre- 
xate. Opening pressure was 280 mm CSF. 

Case 2.—A 65-year-old man was admit- 
ted for chemotherapy after the excision of 


a right temporoparietal glioblastoma. He, 5 


complained of headache, and neurologic 
examination disclosed a left hemiparesis 
and ipsilateral cortical sensory loss. At the 
time of LP, the opening pressure was 240 
mm CSF and findings from analysis of the 
CSF were normal. 

CasE 3.—Right hemiparesis developed 
suddenly in an 18-year-old man with acute 
lymphocytic leukemia in remission. Lum- 
bar puncture showed an opening pressure 
of 230 mm CSF. Findings from analysis of 
the CSF were normal, and the hemiparesis 
resolved within 48 hours of its onset. 

CASE 4.—A 49-year-old woman with 
adenocarcinoma of the breast was admit- 
ted because of diplopia and cervical and 
lumbosacral pain. Neurologic examination 
disclosed a left abducens paresis and 
absent ankle jerks. Opening pressure at 
lumbar puncture was 210 mm CSF. The 
CSF contained 65 mg/dl of protein and 20 
mg/dl of glucose. Cytologic findings 
showed malignant cells in the CSF. 


Comment.—The clinical importance 
of spontaneous VPs has been debated 
for many years. Anecdotal cases of 
papilledema with VPs have been 
reported,’ although elevated ICP has 
not been documented. Experimental 
evidence in monkeys also indicates 
that papilledema secondary to an 
expanding intracranial mass is not 
inconsistent with spontaneous VPs.’ 
Similarly, Walsh et al* have shown 
that VPs may be seen with induced 
elevation of CSF pressure to a maxi- 
mum pressure of 236 mm CSF in 
man. 

Although VPs are generally asso- 
ciated with normal ICP, our results 
indicate that this association is not 
absolute and may give the physician 
false assurance of normal intracranial 
pressure in some patients with intra- 
cranial hypertension. 

RoBERT L. VAN UITERT, MD 

MICHAEL L. EisENSTADT, MD, PHD 

Dept Neurology 

Memorial Sloan-Kettering Cancer 
Center 

1275 York Ave 

New York, NY 10021 

Dept Neurology 

Cornell University Med Col 

New York, NY 10021 
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Atlas of the Ocular Fundus, edited by Hans 
Sautter, Wolfgang Straub, Hermann Rossmann, 
160 pp, 327 illus, $49, JB Lippincott Co, 1977. 

A good color fundus atlas must 
provide high quality illustrations that 
are well organized, correctly inter- 
preted, and have enough information 
that a clinician seeing the illustration 
will be able to utilize the illustration 
as a model of the diseased retina. The 
nomenclature should be current, free 
of personal bias, and noncontroversial 
since these atlases are rarely pur- 
chased more than once by any physi- 
cian. A fundus atlas should present 
examples of a wide range of both 
common and rare problems. 

The atlas by Sautter, Straub, and 
Rossmann is well produced, printed on 
excellent paper, and has high quality 
color reproductions. It is the author’s 
organization, lack of standardized or 
recognizable current American no- 
menclature, and distinct biases that 
make it difficult to recommend this 
book. 

The atlas is off to a good start with 
eight photos of animal fundi. The 
normal fundis of human beings and 
physiological variants are next. Then 
we have trouble with an illustration 
labelled "tortuositas vasorum," which 
has all of the hallmarks of a Wyburn- 
Mason fundus. No information about 
the other eye is provided, and the 
information given about the patient 
gives no reassurance that this is not 
an abnormal fundus. The section on 
the optic nerve has a confusing set of 
photographs and nomenclature such 
as "Ischemie papilledema" and papille- 
dema due to arteriosclerosis, with 
illustrations of disks showing ische- 
mia optic neuropathy. In this chaper, 
a pale swollen disk with multiple opto- 
ciliary shunt vessels is said to repre- 
sent "considerable optic neuritis with 
secondary new vessel formation." 
Even if this illustration represents a 
disk with optic neuritis, the commoner 
causes of this picture, namely optic 
nerve sheath meniogioma and central 
retinal vein occlusion are not men- 
tioned. Temporal pallor is casually 
discussed as though it were pathogno- 
monic for multiple sclerosis. In the 
section on vascular diseases of the 
retina, an example of what appears to 
be an embolic plaque at an arterial 
bifureation is declared to be "reflex 
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phenomenon rather than as prolifera- 
tive changes of the vascular wall." It is 
further said, with nothing else to 
support the contention, that "one 
must not regard them as the most 
visible precursor of an embolus." This 
is clearly not the view of what this 
fundus represents in modern neuro- 
logical practice. More examples 
abound. The atlas does not make up 
for its deficiencies in translation, 
nomenclature, and interpretation 
with a bibliography or good explana- 
tory text. At the price, far more 
complete and standard texts are avail- 
able in English. 

JAMES J. CORBETT, MD 

Iowa City 


Biochemical Correlates of Brain Structure and 
Function, by A. N. Davison, $27.35, 345 pp, 71 illus, 
London, London Ltd (New York, Academic Press 
Ine), 1977. 


In nine chapters and with contribu- 
tions from 13 other neurobiochemists, 
Professor A. N. Davison reviews 
examples of contemporary work inter- 
relating chemistry and function in the 
nervous system. 

The chapters deal in order with 
biochemical, morphological, and func- 
tional changes in the developing 
brain, regulation of RNA metabolism 
in the developing brain, metabolic 
influences on cell proliferation in the 
brain, cyclic nucleotides and neuronal 
function, neurotransmitter-related 
pathways, physiological aspects of 
brain metabolism, the physiology of 
the neurohypophysial system and its 
relation to memory processes, learn- 
ing and brain metabolism, and the 
biochemistry of sleep. 

Each chapter stands alone and 
provides a brief review that is not 
intended to be definitive or an 
exhaustive literature review. The ref- 
erences are given in the classical 
English fashion, sans titles, which 
leaves the reader wondering what the 
authors were actually writing about. 

Only one of the chapters, that by T. 
J. Crow on neurotransmitter-related 
pathways, contains a useful summary. 
Like much of scientific writing, the 
bulk of the material is presented in a 
monotonous “flow of scientific con- 
sciousness” style wherein a plethora 
of material is presented but nothing 
seems more important, or relevant, 


than anything else. Does scientific 
writing really have to be canted and 
dull? 

The chapter by Rose and Haywood 
on experience, learning, and brain 
metabolism, clearly suggests not as it 
is lucidly written and clearly defines 
the problems and limits of combining 
neuropsychological observations in 
animals with studies of brain metabo- 
lism. Many neurochemists, and exper- 
imentally oriented neuropsycholo- 
gists, will wish to own this book, but 
its price will encourage most clinical 
neuroscientists to peruse it at a near- 
by library. 

BRUCE H. PETERS, MD 
Galveston, Tex 


Pathogenesis and Treatment of Headache, by 
Otto Appenzeller, $18, Jamaica, NY, Spectrum, 
1976. 

This book comprises a series of 
communications presented in 1976 at 
a postgraduate course given by the 
American Association for the Study of 
Headache at San Diego, Calif. The 19 
papers covered a variety of disci- 
plines, including general medicine, 
otolaryngology, neurosurgery, neurol- 
ogy, pediatrics, and ophthalmology. 

It is always most difficult to pre- 
sent in coherent form lectures de- 
signed to be presented at a course 
without revising them for use in a 
textbook. Each lecture was planned to 
fulfill a different mission, but impor- 
tant discussions after each presenta- 
tion are not included. It is particularly 
unfortunate that a more formal 
presentation by a psychiatrist is not 


part of this volume. 


The general practitioner may find a 
problem in choosing from the various 
suggestions offered by the different 
authors, and there are repetitions and 
overlapping in certain areas. However, 
the book is full of practical approaches 
to the problem of the patient with 
headaches and useful information in 
diagnosis and management. This vol- 
ume will be of greatest use to the 
resident and family practitioner and 
others interested in the problem of 
headache. The neurologist will not 
find most of the presentations of 
sufficient depth and erudition for his 
library. 

ARNOLD P. FRIEDMAN, MD 
Tucson, Ariz 
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CALENDAR OF MEETINGS 

Symposium on Positron Emission 
Tomography, Montreal Neurological Institute, Montreal 
Conference on Hyperbaric Oxygen, Memorial Hospital Medi- 


International Symposium on Peripheral Neuropathies, 


Fifth World Congress of Psychiatric Surgery, Boston 
Second World Congress on Pain, Queen Elizabeth Hotel, 


Second World Congress of Biological Psychiatry, Barcelona, 
American Electroencephalographic Society, Hyatt Regen- 
International Epilepsy Symposium, Bayshore Inn, Vancou- 
Fourth International Congress on Neuromuscular Diseases, 
The American Neurological Association, annual meeting, 


International Society of Neuropathology, Eighth Interna- 
tional Congress, Shoreham-Americana Hotel, Washington, 


Congress of Neurological Surgeons, annual meeting, Wash- 
Second International Food Allergy Symposium, Mexico 
Central Neuropsychiatric Association, annual meeting, 
Green Brier Hotel, White Sulphur Springs, W Va 

American Academy of Neurological Surgery, annual meet- 


Society for Neuroscience, annual meeting, St Louis Conven- 


Neurosurgery-New York City 1978, Postgraduate program, 
Roosevelt Hotel and the Neurological Institute, New York 


1978 
June 2-3 First International 
8-10 
cal Center, Long Beach, Calif 
26-28 
University of Milan, Italy 
Aug 21-25 
27-Sept 1 
Quebec 
31-Sept 6 
Spain 
Sept 7-9 
cy Embarcadero Hotel, San Francisco 
10-14 
ver, British Columbia 
17-21 
Montreal 
22-24 
Shoreham-Americana Hotel, Washington, DC 
24-29 
DC 
24-29 
ington Hilton, Washington, DC 
Oct 16-20 
City 
19-21 
22-25 
ing, Munich, Germany 
26-28 Southern EEG Society, annual meeting, Atlanta 
Nov 5-9 
tion Center, St Louis 
Dec 11-15 
1979 
Nov 26-30 


Second International Child Neurology Congress, Sydney, 
Australia 


International Congress of Sleep Re- 
search.—The Third International Con- 
gress of Sleep Research will be held in 
Tokyo on July 27-31, 1979. The 
congress will be organized by the 
Japanese Society of Sleep Research 
and the Association for the Psycho- 
physiological Study of Sleep. The 
organizing committee is headed by Dr 
Katsumi Kaketa (honorary president), 
Dr Yasuo Shimazono (president), Dr 
Junji Matsumoto (vice-president), and 
Dr Teruo Okuma (chairman of the 
executive committee). For further 
information contact the Secretary of 
the Congress, Dr Kazuo Asumi, Tokyo 
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Metropolitan Institute for Neurosci- 
ences, 2-6 Musashi-dai, Fuchu City 
183, Japan. 


Food and Drug Administration Guide- 
lines.-The FDA has announced the 
availability of the following guide- 
lines that may be ordered from the 
Superintendent of Documents, US 
Government Printing Office, Wash- 
ington, DC, 20402: General Considera- 
tions for the Clinical Evaluation of 
Drugs, $.90, GPO No. 017-012-00245-5; 
General Considerations for the Clini- 
cal Evaluation of Drugs in Infants 


and Children, $1.10, GPO No. 017- 
012-00246-3; Guidelines for the Clini- 
cal Evaluation of Radiopharmaceuti- 
cal Drugs, $.90, GPO No. 017-012- 
00249-8; Guidelines for the Clinical 
Evaluation of Anticonvulsant Drugs 
(Adults and Children), $.90, GPO No. 
017-012-00251-0; Guidelines for the 
Clinical Evaluation of Anti-Infective 
Drugs (Systemic) (Adults and Chil- 
dren), $.90, GPO No. 017-012-00250-1; 
and Guidelines for the Clinical Evalu- 
ation of Anti-Inflammatory Drugs 
(Adult and Children), $1.50, GPO No. 
017-012-00258-7. 


National Eye Institute.—The appoint- 
ment of three new members to the 
National Advisory Eye Council 
(NAEC) was announced by Donald S. 
Fredrickson, MD, director of the 
National Institutes of Health. The 
new members are Kenneth T. Brown, 
PhD, San Francisco; Thomas D. 
Duane, MD, PhD, Philadelphia; and 
Edward W. D. Norton, MD, Miami. 


Winter Seminar in Neurology and 
Neurosurgery.—The third Winter Sem- 
inar will be held Feb 11-24, 1979, in 
Cortina, Italy, and Chamonix, France. 
Contaet Y. Hosobuchi, MD, Depart- 
ment of Neurological Surgery, Uni- 
versity of California, 3rd and Parnas- 
us Streets, San Francisco, CA 94143. 


Second International Food Allergy 
Symposium.— The second international 
food allergy symposium will be held in 
Mexico City, Oct 16-20, 1978. The role 
of food allergy in migraine, vertigo, 
hyperactivity, learning disorders, and 
behavioral problems will be presented 
along with other hypersensitivity syn- 
dromes seen by neurologists and 
psychiatrists as well as allergists. For 
further information contact The 
American College of Allergists, 2141 
14th St, Boulder, CO 80302. 


Neurosurgery/New York City 1978.— 
The seven medical schools of New 
York City with the New York Society 
of Neurosurgery are sponsoring à 
five-day postgraduate program Dec 
11-15, 1978, at the Roosevelt Hotel and 
The Neurological Institute. Subjects 
have been selected for relevance to 
practice, timeliness and controversial 
nature. Category I credit of 34 hours. 
Write: NYU Post-Graduate Medical 
School, 550 First Ave, New York, NY 
10016. 
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~a new diagnostic tool 
for neurology... 


NICOLET CA-1000 


for brainstem auditory, visual and somatosensory 
evoked response measurements 





Evoked response measurements offer the clinician information about the integrity of neural pathways and 
since these measurements are objective their accuracy is not dependent on patient response. Therefore, the 
protocols are especially useful for patients who are uncooperative or unable to accurately describe their 
sensory experiences because they are infants, retarded, comatose, suffer neurological disorders or are 
normal, but anxious. 


Brainstem auditory evoked 
responses use click stimuli to 
determine conductive versus 
sensorineural hearing loss, to 
detect tumors, demyelinating 
disorders or vascular lesions and 
to help determine brain death. 











Primary neurological applications 
of visual evoked responses include 
optic nerve testing (for multiple 
sclerosis, pituitary tumor or 
increased intracranial pressure), 
quantification of visual field cuts, 
and monitoring visual function in 
the operating room. 


The applications of somatosensory evoked responses include measurement of 

nerve conduction velocities, electromyography, rapid measure of spinal cord 
| Q function in persons rendered unconscious or uncooperative from trauma, 
2 monitoring spinal cord function in the operating room, definition of clinically 


inapparent lesions in persons suspected of multiple sclerosis and detection of 
lesions in the cerebral hemisphere. 


The result of an evoked response measurement is a precise waveform where the elements of interest are 
the latencies, amplitudes and morphology under known stimulus conditions. These measured results are 
compared to established normals to offer the neurologist a valuable diagnostic tool. 


The CA-1000 is a complete portable system including stimulus generators, recording electrodes, 
preamplifier, signal averaging computer with built-in oscilloscope display including accurate numerical 
readout of latency and amplitude, recorder for permanent records and a convenient equipment cart. 


NICOLET 

a INSTRUMENT 
CORPORATION 

5225 Verona Road 


Madison. Wisconsin 53711 
Telephone: 608/271-3333 





For complete details on the CA-1000 system or to arrange a 
demonstration please phone or write Nicolet. 


References: 

Brackman, D., Selters, W.A. Acoustic Tumor detection with brainstem electric response audiometry, Archives of Otolaryngology, 1977, 103:181-187. 
Starr, A. and Achor, J. Auditory brainstem responses in neurological disease. Arch. Neurol. (Chic.), 1975, 32:761-768 

Sokol, S. 1976. Visually evoked potentials: Theory, techniques and clinical applications. Survey of Opthalmology 21(1):18-44. 

Visual Evoked Potentials in Man: New Developments (ed. J. E. Desmedt), Clarendon Press, Oxford 1977 

Allen, A., Starr, A. 1977. Sensory evoked potentials in the operating room. Neurology. 27:358 

Cracco, J. B., Cracco, R. Q., Graziani, L. J. 1975. The spinal evoked response in infants and children. Neurology 25:31-6 


tablets do more than 
ergotamine alone — 


e with caffeine detectable plasma levels of 
ingested ergotamine reached twice as fast 
and higher peak plasma levels achieved' 

e more complete, efficient absorption of 
ingested ergotamine'? 

e synergistic vasoconstriction?? 


| äi e belladonna alkaloids help control the nausea 
s. ke and vomiting common in migraine?? 
E sales e pentobarbital relieves the tension found in 
most migraine patients^ 


in migraine complicated by 
tension and GI disturbances 


CAFERGOT P-B 


TABLETS: Gynergen® (ergotamine tartrate, USP) 1 mg; caffeine, 
USP, 100 mg; Bellafoline® (levorotatory alkaloids of belladonna, 

as malates) 0.125 mg; sodium pentobarbital, USP (Warning: May 
be habit forming) 30 mg. 


SUPPOSITORIES: Gynergen® (ergotamine tartrate, USP) 2 mg; 
caffeine, USP, 100 mg; Bellafoline® (levorotatory alkaloids of 
belladonna, as malates) 0.25 mg; pentobarbital, NF (Warning: May 
be habit forming) 60 mg; inactive ingredients: tartaric acid, NF, 
malic acid, lactose, USP, and theobroma oil, USP. 





Contraindications: Peripheral vascular disease, coronary heart disease, hyper- 
tension, impaired hepatic or renal function, sepsis, and pregnancy. Hypersenst- 
tivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop even after 
long term intermittent use of the orally or rectally administered drugs, care should 
be exercised to remain within the limits of recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle pains in 
the extremities, weakness in the legs, precordial distress and pain, transient 
tachycardia or bradycardia, nausea, vomiting, localized edema, and itching. 
Drowsiness may occur with Cafergot P-B. 


Adult Dosage: Ora//y—Two tablets at first sign of attack; if needed, 1 additional 
tablet every half hour until relieved (maximum, 6 per attack or 10 per week). 
Rectally—One suppository as early as possible in attack; second in 1 hour, if 
needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and cyanosis 





Referétibos: 


1. Schmidt R, Fanchamps A: Effect of arne on ‘intestinal 
absorption of ergotamine in man. Eur J Clin Pharmacol 
7:213, 1974. 

2. Friedman AP: Chronic recurring headache: Principles of 
management and specific treatment. Primary Care 7:487, 
Sept 1974 


3. Brazeau P: Oxytocics: Oxytocin, prostaglandins, and ergot 


alkaloids, in Goodman LS, Gilman A (eds): The Pharmaco- 
logical Basis of Therapeutics, ed 5. New York, Macmillan 
Publishing Co, Inc, 1975, pp 867-880 

4. Ryan RE: Cafergot-PB: A new oral preparation to abort 
migraine attacks. Clin Med 3:831, Sept 1956. 
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of the extremities associated with diminished or absent peripheral pulses; hyper- 
tension or hypotension; drowsiness, stupor, coma, convulsions and shock. 

A case has been reported of reversible bilateral papillitis with ring scotomata in a 
patient who received five times the recommended daily adult dose over a period 

of 14 days. Treatment consists of induction of emesis, gastric lavage, and 

catharsis; maintenance of adequate pulmonary ventilation; correction of hypo- 

tension: and control of convulsions. Treatment of peripheral vasospasm should 
consist of warmth, but not heat, and protection of the ischemic limbs. Vasodilators — 
may be used with benefit but caution must be exercised to avoid aggravating an v 
already existent hypotension. 


Before prescribing, see package insert 
for full product information. 


SANDOZ PHARMACEUTICALS, EAST HANOVER, N.J. 07936 SANDOZ 


SAN 7-706 
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add t I 
e when you use both agents concomitantly 

to Anticholinergics as initial therapy, SYMMETREE usually 

goes to work within 48 hours, allowing 


By adding SYMMETREE to anti- you to reduce severity of symptoms 
cholinergics, you can provide: MÀN titrate levodopa for optimal 
e a reduction in parkinsonian symptoms e when you add SYMMETREE to optimal 
over the use of an anticholinergic agent well-tolerated doses of levodopa or 
alone ep A | | | carbidopa/levodopa, you add incremental 
e a reduction in anticholinergic dosage patient benefits—reduction of severity 
when the patient is not tolerating anti- of tremor, rigidity, bradykinesia and 
cholinergic medication improvement in functioning. This helps 
If atropine-like side effects occur when to increase the ability of the parkinsonian 
you use SYMMETREE concomitantly patient to carry out normal daily functions 
with anticholinergics, dosage should be better, to help maintain the quality of life 
reduced for one of the two agents. at the best possible level 


e when side effects necessitate your 
reducing levodopa or carbidopa/levodopa 











or to Levodopa or | 3 
| : ga: dosage, you may regain lost benefits 
Carbidopa/Levodopa by the addition of SYMMETREL’ 
You can add SYMMETREE to levodopa In short, SYMMETREL is an effective 
or carbidopa/levodopa for increased "add-on" antiparkinson agent for optimal 
antiparkinson therapeutic benefits— control in Parkinson's disease. 


Administration of SYMMETREL Capsules 


addedto — — addedto | addedto - | 
Alone Anticholinergics | Levodopa | Carbidopa/Levodopa 


100 mg b.i.d. 100 mg q.d./b.i.d. 









NOTE: The initia! dose is 100 mg daily for patients 1) with serious 
associated medical illnesses or 2) who are receiving high doses of other g - í 
antiparkinson drugs Pas 


r 
w 


^ 
SYMMETREL” isa U.S. registered trademark of 
E.l. du Pont de Nemours & Co. (Inc.); U.S. Pat. 3,310.469 


Endo Laboratortes.Inc. m T 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) A 
Garden City. New York 11530 M Please see next page for complete prescribing information. 
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DESCRIPTION SYMMETREL® is designated generically 


as amantadine hydrochloride and chemically 
as 1-adamantanamine hydrochloride. 


* HCI 


Amantadine hydrochloride is a stable, white crystalline substance readily soluble in water. It is readily 
absorbed, is not metabolized, and is excreted unchanged in the urine. 


ACTIONS: The mechanism of action of SYMMETREL® in the treatment of Parkinson's disease and 
drug-induced extrapyramidal reactions is not known. It has been shown to cause an increase in 
dopamine release in the animal brain. The drug does not possess anticholinergic activity in animal 
tests at doses similar to those used clinically. 


The antiviral activity of SYMMETREL® against the influenza A virus in humans is not completely 
understood. The mode of action of SYMMETREL® appears to be the prevention of the release of 
infectious viral nucleic acid into the host cell. SYMMETREL* does not appear to interfere with the 
immunogenicity of inactivated influenza A virus vaccine. 


INDICATIONS: Parkinson's Disease/Syndrome and Drug-Induced Extrapyramidal Reactions: 
SYMMETRELS is indicated in the treatment of idiopathic Parkinson's disease (Paralysis Agitans), 
postencephalitic parkinsonism, drug-induced extrapyramidal reactions, and symptomatic 
parkinsonism which may follow injury to the nervous system by carbon monoxide intoxication. It is 
indicated in those elderly patients believed to aevelop parkinsonism in association with cerebral 
arteriosclerosis. In the treatment of Parkinson's disease, SYMMETREL* is less effective than 
levodopa, (-)-3-(3,4-dihydroxyphenyl)-L-alanine, and its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established. Although anticholinergic type side 
effects have been noted with SYMMETREL® when used in patients with drug-induced extrapyramidal 
reactions, there is a lower incidence of these side effects than that observed with anticholinergic 
antiparkinson drugs. 


Influenza A Virus Respiratory Tract Iliness: SYMMETREL* (amantadine hydrochloride) is indicated in 
the prevention (prophylaxis) and symptomatic management of respiratory tract illness caused by 
influenza A virus strains. SYMMETREL® should be considered especially for high risk patients, close 
household or hospital ward contacts of index cases and patients with severe influenza A virus illness. 
In the prophylaxis of influenza due to A virus strains, early immunization as periodically recommended 
by the Public Health Service Advisory Committee on Immunization Practices is the method of choice. 
When early immunization is not feasible, or when the vaccine is contraindicated or not available, 
SYMMETREL® can be used for chemoprophylaxis against influenza A virus illness. Because 
SYMMETREL® does not appear to suppress antibody response, it can be used chemoprophylactically 
in conjunction with inactivated influenza A virus vaccine until protective antibody responses develop. 
There is no clinical evidence that this drug has efficacy in the prophylaxis or symptomatic 
management of viral respiratory tract illnesses other than those caused by influenza A virus strains. 
CONTRAINDICATIONS: SYMMETREL* is contraindicated in patients with known hypersensitivity to 
the drug. 

WARNINGS: Patients with a history of epilepsy or other "seizures" should be observed closely for 
possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be followed closely as 
there are patients who developed congestive heart failure while receiving SYMMETREL* 


Patients with Parkinson's disease improving on SYMMETREL* should resume normal activities 
gradually and cautiously, consistent with other medical considerations, such as the presence of 
osteoporosis or phlebothrombosis. 


Patients receiving SYMMETREL® who note central nervous system effects or blurring of vision should 
be cautioned against driving or working in situations where alertness is important. 


USE IN PREGNANCY: SYMMETREL® has not been studied in pregnant women. The use of this drug in 
EDO-015S 9/77 


women of childbearing age should be undertaken only after weighing the possible risks to the fetus 
against benefit to the patient. SYMMETREL* has been reported to be embryotoxic and teratogenic in 
rats at 50 mg/kg/day, about 12 times the recommended human dose, but not at 37 mg/kg/day. 
Embryotoxic and teratogenic effects were not seen in rabbits which received up to 25 times the usual 
recommended adult human dose. 


NURSING MOTHERS: Since the drug is secreted in the milk, SYMMETREL* should not be = 
administered to nursing mothers. ^ 


PRECAUTIONS: SYMMETREL* (amantadine hydrochloride) should not be discontinued abruptly since 

a few patients with Parkinson's disease experienced a parkinsonian crisis, i.e., a sudden marked 

clinical deterioration, when this medication was suddenly stopped. The dose of anticholinergic drugs € 
or of SYMMETREL® should be reduced if atropine-like effects appear when these drugs are used ; 
concurrently. 


The dose of SYMMETREL* may need careful adjustment in patients with renal impairment, congestive 
heart failure, peripheral edema, or orthostatic hypotension. Since SYMMETREL? is not metabolized 
and is mainly excreted in the urine, it may accumulate when renal function is inadequate. 


Care should be exercised when administering SYMMETREL® to patients with liver disease, a history of 
recurrent eczematoid rash, or to patients with psychosis or severe psychoneurosis not controlled by 
chemotherapeutic agents. Careful observation is required when SYMMETREL* is administered 
concurrently with central nervous system stimulants. 


ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: depression, 
congestive heart failure, orthostatic hypotensive episodes, psychosis, and urinary retention. Rarely 
convulsions, leukopenia, and neutropenia have been reported. 


Other adverse reactions of a less serious nature which have been observed are the following: 
hallucinations, confusion, anxiety, and irritability; anorexia, nausea and constipation; ataxia and 
dizziness (lightheadedness); livedo reticularis and peripheral edema. Adverse reactions observed less 
frequently are the following: vomiting; dry mouth; headache; dyspnea; fatigue, insomnia, and a sense 
of weakness. Infrequently, skin rash, slurred speech, and visual disturbances have been observed. 
Rarely eczematoid dermatitis and oculogyric episodes have been reported. 


OVERDOSAGE: There is no specific antidote. For acute overdosing, general supportive measures 

should be employed along with immediate gastric lavage or induction of emesis. Fluids should be 

forced, and if necessary, given intravenously. The pH of the urine has been reported to influence the x 
excretion rate of SYMMETREL® Since the excretion rate of SYMMETREL® increases rapidly when the 
urine is acidic, the administration of urine acidifying fluids may increase the elimination of the drug 

from the body. The blood pressure, pulse, respiration and temperature should be monitored. The 

patient should be observed for hyperactivity and convulsions; if required, sedation, and 

anticonvulsant therapy should be administered. The patient should be observed for the possible 

development of arrhythmias and hypotension; if required, appropriate antiarrhythmic and 

antihypotensive therapy should be given. The blood electrolytes, urine pH and urinary output should 

be monitored. If there is no record of recent voiding, catheterization should be done. The possibility of 
multiple drug ingestion by the patient should be considered. 


DOSAGE AND ADMINISTRATION: Dosage for Parkinsonism: The usual dose of SYMMETREL* 
(amantadine hydrochloride) is 100 mg twice a day when used alone. SYMMETREL* has an onset of 
action usually within 48 hours. 


The initial dose of SYMMETREL® is 100 mg daily for patients with serious associated medical illnesses 
or who are receiving high doses of other antiparkinson drugs. After one to several weeks at 100 mg 
once daily, the dose may be increased to 100 mg twice daily, if necessary. 


Occasionally, patients whose responses are not optimal with SYMMETREL* at 200 mg daily may 

benefit from an increase up to 400 mg daily in divided doses. However, such patients should be 

supervised closely by their physicians. f 
Patients initially deriving benefit frm SYMMETREL* not uncommonly experience a fall-off of l 
effectiveness after a few months. Benefit may be regained by increasing the dose to 300 mg daily. 
Alternatively, temporary discontinuation of SYMMETREL® for several weeks, followed by reinitiation 

of the drug, may result in regaining benefit in some patients. A decision to use other antiparkinson 

drugs may be necessary. 


Concomitant Therapy: Some patients who do not respond to anticholinergic antiparkinson drugs may 
respond to SYMMETREL®. When SYMMETREL® or anticholinergic antiparkinson drugs are each used 
with marginal benefit, concomitant use may produce additional benefit. 


When SYMMETREL® and levodopa are initiated concurrently, the patient can exhibit rapid therapeutic 
benefits. SYMMETREL® should be held constant at 100 mg daily or twice daily while the daily dose of 
levodopa is gradually increased to optimal benefit. 


When SYMMETREL® is added to optimal well-tolerated doses of levodopa, additional benefit may 
result, including smoothing out the fluctuations in improvement which sometimes occur in patients 
on levodopa alone. Patients who require a reduction in their usual dose of levodopa because of 
development of side effects may possibly regain lost benefit with the addition of SYMMETREL® 


Dosage for Drug-induced Extrapyramidal Reactions: The usual dose of SYMMETREL® (amantadine 
hydrochloride) is 100 mg twice a day. Occasionally, patients whose responses are not optimal with 
SYMMETREL® at 200 mg daily may benefit from an increase up to 300 mg daily in divided doses. 


Dosage for Prophylaxis and Symptomatic Management of Influenza A Virus Respiratory Tract 
Illness: Adult: The adult daily dosage of SYMMETREL* (amantadine hydrochloride) is 200 mg: two N 
100 mg capsules (or four teaspoonfuls of syrup) as a single daily dose, or the daily dosage may be 

split into one capsule of 100 mg (or two teaspoonfuls of syrup) twice a day. If central nervous system 

effects develop on once-a-day dosage, a split dosage schedule may reduce such complaints. 


Children: 1 yr.-9 yrs. of age: The total daily dose should be calculated on the basis of 2 mg to 4 mg 
per pound of body weight per day (but not to exceed 150 mg per day). The daily dose, given as the 
syrup, should be given in two or three equal portions. 


9 yrs.-12 yrs. of age: The total daily dose is 200 mg given as one capsule of 100 mg (or two 
teaspoonfuls of syrup) twice a day. 


Prophylactic dosing should be started in anticipation of contact or as soon as possible after contact 
with individuals with influenza A virus respiratory illness. SYMMETREL* should be continued daily for 
at least 10 days following a known exposure. If SYMMETREL® is used chemoprophylactically in 
conjunction with inactivated influenza A virus vaccine until protective antibody responses develop, 
then it should be administered for 2 to 3 weeks after the vaccine has been given. When inactivated 
influenza A virus vaccine is unavailable or contraindicated, SYMMETREL* should be administered for 
up to 90 days in case of possible repeated and unknown exposures. Symptomatic management of 
influenza A virus illness should be started as soon as possible after onset of symptoms and should be 
continued for 24 to 48 hours after the disappearance of symptoms. 


HOW SUPPLIED: SYMMETREL® (amantadine hydrochloride) 


CAPSULES: (bottles of 100)-each red, soft gelatin capsule contains 100 mg amantadine 
hydrochloride. 


SYRUP: (1 pint)-each 5 ml (1 teaspoonful) of syrup contains 50 mg amantadine hydrochloride. ` 


Capsules manufactured by R.P. Scherer Corporation, Detroit, Michigan 48213 for 


Endo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) RÀ 
Garden City, N.Y. 11530 
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Valproic Acid 
Start with-or add-Depakene. More toxic 
agents can often be avoided or reduced. 





Start with 


Depakene 


Depakene is indicated for sole or 
adjunctive therapy in patients with 
absence seizures, and adjunctively 
in patients with multiple seizure 
types that include absence. 


With drug-naive patients, the 
chances are excellent that Depakene 
will be the only agent needed to 
control absence seizures. 


After a decade of clinical use 
throughout the world, Depakene 
has an impressive record of control- 
ling absence seizures, often in 
patients resistant to other forms of 
drug therapy. Depakene is consid- 
ered a drug of choice in many 
European countries. 


Common side effects are relatively 
mild in context with other agents. 


Add 
Depakene 


Subtract more toxic agents. 








Studies show 3 to 1⁄2 of patients 
with absence seizures also expe- 
rience tonic-clonic seizures:^ 

These patients often need multiple 


drug therapy. 


By using Depakene as part of the 
initial regimen, you can frequently 
reduce the need for more toxic 
agents, and extend your range of 
therapy from the start of treatment. 


Complete prescribing information 
ean be found on the following page 
along with full disclosure. 


1. Sato, S., Dreifuss, F.E., Penry, J.K., Prognostic factors in absence seizures., Neurology, 26:788-796, 1976. 
2. Livingston, S., Torres, I., Pauli, L.L., et al, Petit mal epilepsy. Results of a prolonged follow-up study of 


117 patients., JAMA, 1974:113-118, 1965. 
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3. Currier, R.D., Kooi, K.A., Saidman, L.J., Prognosis of “pure” petit mal. A follow-up study., Neurology (Minneap) 


13:959-967, 1963. 
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Valproic Acid 





DESCRIPTION 


DEPAKENE (valproic acid) is a carboxylic acid designated as 2-propylpentanoic acid. It 
is also known as dipropylacetic acid. DEPAKENE has the following structure: 


Scotia Re 


CH,-CH,-CH, 


CH,-CH,-CH, 


Valproic acid (pKa 4.95) has a molecular weight of 144 and occurs as a colorless liquid 
with a characteristic odor. It is slightly soluble in water (1.3 mg/ml) and very soluble in 
organic solvents. 

DEPAKENE is supplied as soft elastic capsules and syrup for oral administration. 


CLINICAL PHARMACOLOGY 


DEPAKENE is an anticonvulsant agent which is chemically unrelated to other drugs 
used to treat seizure disorders. It has no nitrogen or aromatic moiety characteristic of 
other anticonvulsant drugs. The mechanism by which DEPAKENE exerts its anticon- 
vulsant effects has not been established. It has been suggested that its activity is related 
to increased brain levels of gamma-aminobutyric acid (GABA). The effect on the 
neuronal membrane is unknown. 

DEPAKENE is rapidly absorbed after oral administration. Peak serum levels of 
valproic acid occur approximately one to four hours after a single oral dose of 
DEPAKENE. The serum half-life (t, «) of the parent compound is approximately eight 
to twelve hours. A slight delay in initial absorption occurs when the drug is administered 
with meals but this does not affect the total absorption. 

A good correlation has not been established between daily dose, serum level and 
therapeutic effect. Valproic acid is rapidly distributed and the drug is strongly bound 
(90%) to human plasma proteins. 

Elimination of DEPAKENE and its metabolites occurs principally in the urine, with 
minor amounts in the feces and expired air. Very little unmetabolized parent drug is ex- 
creted in the urine. The drug is primarily metabolized in the liver and is excreted as the 
glucuronide conjugate. Other metabolites in the urine are products of beta and omega 
oxidation (C-3 and C-5 position). The three major oxidative metabolites are 2-propyl-3- 
keto-pentanoic acid, 2-propyl-5-hydroxypentanoic acid, and 2-propyl-glutaric acid. 


INDICATIONS 

DEPAKENE (valproic acid) is indicated for use as sole and adjunctive therapy in the 
treatment of simple and complex absence seizures, including petit mal. DEPAKENE 
may also be used adjunctively in patients with multiple seizure types which include ab- 
sence seizures. 

In accordance with the International Classification of Seizures, simple absence is 
defined as very brief clouding of the sensorium or loss of consciousness (lasting usually 
2-15 seconds), accompanied by certain generalized epileptic discharges without other 
detectable clinical signs. Complex absence is the term used when other signs are also 
present. 


CONTRAINDICATIONS 
DEPAKENE (valproic acid) is contraindicated in patients with known hypersensitivity 
to the drug. 


WARNINGS 


Liver dysfunction including hepatic failure resulting in fatalities has occurred in a few 
patients receiving DEPAKENE and concomitant anticonvulsant drugs. These inci- 
dences have occurred during the first six months of treatment with DEPAKENE. 
Although a causal relationship has not been established, liver function tests should be 
performed prior to therapy and every two months thereafter. Caution should be ob- 
served when administering DEPAKENE to patients with pre-existing hepatic disease. 

Usage in Pregnancy: THE EFFECTS OF DEPAKENE IN HUMAN PREGNANCY ARE 
UNKNOWN. ANIMAL STUDIES HAVE DEMONSTRATED TERATOGENICITY. 

Studies in rats demonstrated placental transfer of the drug. Doses greater than 65 
mg/kg/day given to rats, mice and rabbits produced an increased incidence of skeletal 
abnormalities of the ribs, vertebrae and palate. In rats, there was a dose-related delay in 
onset of parturition. Postnatal growth and survival of the progeny was unaffected. 
Embryolethality or major developmental abnormalities occurred in rats and rabbits at 
doses of 350 mg/kg/day. Studies are being conducted to determine whether there are 
differences in the toxicity of DEPAKENE (valproic acid) in pregnant rabbits when com- 
pared to non-pregnant rabbits. 

Recent reports suggest an association between the use of anticonvulsant drugs by 
women with epilepsy and an elevated incidence of birth defects in children born to these 
women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed anticonvulsants; less systematic or anecdotal re- 
ports suggest a possible similar association with the use of all known anticonvulsant 


8. 
The reports suggesting an elevated incidence of birth defects in children of drug. 
treated epileptic women cannot be regarded as adequate to prove a definite cause and 
effect relationship. There are intrinsic methodologic problems in obtaining adequate 
data on drug teratogenicity in humans; the possibility also exists that other factors, e.g., 
genetic factors or the epileptic condition itself, may be more important than drug 
therapy in leading to birth defects. 

The great majority of mothers on anticonvulsant medication deliver normal infants. It 
is important to note that anticonvulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major seizures because of the strong 

sibility of precipitating status epilepticus with attendant hypoxia and threat to life. 

n individual cases where the severity and frequency of the seizure disorder are such 

that the removal of medication does not pose a serious threat to the patient, discontinua- 

tion of the drug may be considered prior to and during pregnancy, although it cannot be 

said with any confidence that even minor seizures do not pose some hazard to the 
developing embryo or fetus. 

The prescribing physician will wish to weigh these considerations in treating or coun- 
seling epileptic women of child-bearing potential. 


PRECAUTIONS 

General: Because of rare reports of platelet aggregation dysfunction, thrombocytopenia 
and elevated liver enzymes, liver function tests, platelet counts and bleeding time deter- 
mination are recommended before initiating therapy and at periodic intervals. 

Since DEPAKENE (valproic acid) may interact with concurrently administered anti- 
convulsant drugs, periodic serum level determinations of concomitant anticonvulsant 
drugs are recommended during the early course of therapy. (See Drug Interactions). 

DEPAKENE is partially eliminated in the urine as a ketone containing metabolite 
which may lead to a false interpretation of the urine ketone test. 


ABBOTT 


Information For Patients: Since DEPAKENE may produce CNS depression, especially 
when combined with another CNS depressant (e.g., alcohol), patients should be advised 
not to engage in hazardous occupations, such as driving an automobile or operating dan- 
gerous machinery, until it is known that they do not become drowsy from the drug. 

Drug Interactions: DEPAKENE may potentiate the CNS depressant activity of alcohol. 

THERE IS EVIDENCE THAT DEPAKENE MAY CAUSE AN INCREASE IN SERUM 
PHENOBARBITAL LEVELS, ALTHOUGH THE MECHANISM OF THE INTERAC- 
TION IS UNKNOWN. ALL PATIENTS RECEIVING CONCOMITANT BARBITURATE 
THERAPY SHOULD BE CLOSELY MONITORED FOR NEUROLOGICAL TOXICITY, 
SERUM BARBITURATE DRUG LEVELS OBTAINED, IF POSSIBLE, AND THE BAR- 
BITURATE DOSAGE DECREASED, IF APPROPRIATE. 

THERE IS CONFLICTING EVIDENCE REGARDING THE INTERACTION OF 
DEPAKENE WITH PHENYTOIN. IT IS NOT KNOWN IF THERE IS A CHANGE IN 
UNBOUND (FREE) PHENYTOIN SERUM CONCENTRATIONS. THE DOSAGE OF 
c aiia SHOULD BE ADJUSTED AS REQUIRED BY THE CLINICAL SITUA- 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRO- 
DUCE ABSENCE STATUS. 

Caution is recommended when DEPAKENE (valproic acid) is administered with 
drugs affecting coagulation, e.g., aspirin and warfarin. (See ADVERSE REACTIONS). 

Carcinogenesis, Mutagenesis: There has been insufficient study of the drug in animals 
to determine whether it has carcinogenic potential. Carcinogenicity studies in rats and 
mice are currently in progress. 

Mutagenesis studies on DEPAKENE have been performed using bacterial and mam- 
malian systems. These studies have provided no evidence of a mutagenic potential for 
DEPAKENE. 

Pregnancy: See WARNINGS. 

Nursing Mothers: DEPAKENE is excreted in breast milk. It is not known what effect 
this would have on a nursing infant. As a general rule, nursing should not be undertaken 
while a patient is receiving DEPAKENE. 

Fertility: Chronic toxicity studies in juvenile and adult rats and dogs demonstrated 
reduced spermatogenesis and testicular atrophy at doses greater than 350 mg/kg/day in 
rats and greater than 90 mg/kg/day in dogs. THE EFFECT OF DEPAKENE (VALPROIC 
ACID) ON THE DEVELOPMENT OF THE TESTES AND ON SPERM PRODUCTION 
AND FERTILITY IN HUMANS IS UNKNOWN. 


ADVERSE REACTIONS 


Since DEPAKENE (valproic acid) has usually been used with other anticonvulsant 
drugs, it is not possible, in most cases, to determine whether the following adverse reac- 
tions can be ascribed to DEPAKENE alone, or the combination of drugs. 

Gastrointestinal: The most commonly reported side effects at the initiation of therapy 
are nausea, vomiting and indigestion. These effects are usually transient and rarely re- 
quire discontinuation of therapy. Diarrhea, abdominal cramps and constipation have 
been reported. Both anorexia with some weight loss and increased appetite with weight 
gain have also been reported. 

CNS Effects: Sedative effects have been noted in patients receiving valproic acid alone 
but are found most often in patients receiving combination therapy. Sedation usually 
disappears upon reduction of other anticonvulsant medication. Ataxia, headache, 
nystagmus, diplopia, asterixis, "spots before eyes", tremor, dysarthria, dizziness, and in- 
coordination have rarely been noted. Rare cases of coma have been noted in patients 
also on phenobarbital. 

Dermatologic: Transient increases in hair loss have been observed. Skin rash and 
petechiae have rarely been noted. 

Psychiatric: Emotional upset, depression, psychosis, aggression, hyperactivity and 
behavioral deterioration have been reported. 

Musculoskeletal: Weakness has been reported. 

Hematopoietic: Valproic acid inhibits the secondary phase of platelet aggregation. 
(See Drug Interactions). This may be reflected in altered bleeding time. Relative 
lymphocytosis and mild thrombocytopenia have also been noted in isolated cases. 
Leukopenia has been reported. 

Hepatic: Increases in serum alkaline phosphatase and elevations of serum glutamic 
oxaloacetic transaminase (SGOT) have been noted. Isolated cases of severe hepa- 
totoxicity have been reported. (See WARNINGS). 


OVERDOSAGE 


A single case of overdosage with valproic acid has been reported. After ingesting 36 
grams in combination with phenobarbital and phenytoin, the patient presented in deep 
coma. An electroencephalogram recorded diffuse slowing, compatible with the state of 
consciousness. The patient made an uneventful recovery. 

Since DEPAKENE is absorbed very rapidly, gastric lavage may be of limited value. 
General supportive measures should be applied with particular attention being given to 
the maintenance of adequate urinary output. 


DOSAGE AND ADMINISTRATION 

DEPAKENE (valproic acid) is administered orally. The recommended initial dose is 15 
mg/kg/day increasing at one week intervals by 5 to 10 mg/kg/day, until seizures are con- 
trolled or side effects preclude further increases. The maximum recommended dosage is 
30 mg/kg/day. If the total daily dose exceeds 250 mg, it should be given in a divided regi- 
men. 


The following table is a guide for the initial daily dose of DEPAKENE (valproic acid) 
(15 mg/kg/day): 
Total Number of Capsules or 
Weight Daily Teaspoonfuls of Syrup 
(kg) Dose (mg) Dose 1 Dose 2 Dose 3 


As the DEPAKENE dosage is titrated upward, blood levels of phenobarbital and/or 
phenytoin may be affected. (See PRECAUTIONS). 

Patients who experience G.I. irritation may benefit from administration of the drug 
with food or by slowly building up the dose from an initial low level. 

THE CAPSULES SHOULD BE SWALLOWED WITHOUT CHEWING TO AVOID 
LOCAL IRRITATION OF THE MOUTH AND THROAT. 


HOW SUPPLIED 

DEPAKENE (valproic acid) is available as orange-colored soft gelatin capsules of 250 
mg valproic acid in bottles of 100 capsules (NDC 0074-5681-13), and as a red syrup con- 
taining the equivalent of 250 mg valproic acid per 5 ml as the sodium salt in bottles of 16 
ounces (NDC 0074-5682-16). TR 
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New Edition from the AMA 


When you need comprehensive data on the physi- 

cian population, turn to the NEW edition of Physi- 

cian Distribution and Medical Licensure in the 

U.S. Compiled by the American Medical Associa- 

tion’s Center for Health Services Research and 

Development, this informative volume offers you 

detailed statistical data for comparing regions, 

divisions, states, and counties with respect to 

their: 

e total number of physicians by specialty and 
professional activity 

e number of hospitals and hospital beds 

e number of inhabitants 

e physician-population ratios 

e counties without physicians 

. * per capita and per household income 


New Sections 


This indispensable publication has almost dou- 
bled in size. Special sections devoted to women 





Physician 
Distribution 
and Medical 
Licensure in 


the US., 1976 








physicians and foreign medical graduates have 
been added. 


Since quantities are limited, please use the 
coupon to order today. $15.95 


PM eee eee eee ee eee 


Order Department S/J 
American Medical Association 

P.O. Box 821 

Monroe, Wisconsin 53566 


Please send. — copy(ies) of Physician 
Distribution and Medical Licensure in the 
U.S., 1976 (OP-45) at $15.95 each. 


My check for $ 
is enclosed. 


payable to the AMA 


Name 


Address 


City/State/Zip 
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bo m m oum oum oum um oum um nm ums mo eee eee a ‘M 








‘They thought Ed Sloan 
was just tired... 


maybe he had narcolepsy 


A narcoleptic can fall “All too often, the patient with 
asleep almost anywhere, any- disabling hypersomnolence is 
time. The results can beat ^ ignored by physicians for 
least embarrassing...atmost years and even decades, with 
devastating. the consequent tragic toll on 
his ability to learn and to work." ' 


Narcolepsy is often CA 
unrecognized Ritalin can help in 
As a primary sleep ab- narcolepsy 
normality narcolepsy is For narcoleptic sleepiness 


characterized by sleepiness, and sleep episodes, the cited 
inappropriate sleep episodes, authorities’ most frequently 
and cataplexy (episodes of use Ritalin (methylphenidate). 
muscular weakness precipi- — prerences: 
tated by strong emotion). 1. Dement WC, Carskadon MA, Guilleminault C, 
These are often accompanied Primary care 3.509.623 Decombe, i956 caen 
by hypnagogic hallucinations, 5,725 52 55 P et one Coleen Mons 0 
automatic behavior and/or. — iE IA PARAE, 

isturbed nocturnal sleep. haji gd ac | 
Sleep apnea may be a severe 
life-threatening complication 
of narcolepsy. 

Besides its medical impli- 

cations, narcolepsy may have 
drastic social consequences. 


Ritalin € 
(methylphenidate) 
For the 200,000 narcoleptics 


9 
who can't stay awake 
Please turn page for brief prescribing information. 
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Ritalin? hydrochloride C 
(methylphenidate hydrochloride USP) 
TABLETS 


INDICATION 

Narcolepsy. 

CONTRAINDICATIONS 

Marked anxiety, tension, and agitation, since Ritalin 
may aggravate these symptoms. Also contraindi- 
cated in patients known to be hypersensitive to the 
drug and in patients with glaucoma. 

WARNINGS 

Ritalin should not be used in children under six 
years, since safety and efficacy in this age group 
have not been established 

Sufficient data on safety and efficacy of long-term 
use of Ritalin in children with minimal brain dysfunc- 
tion are not yet available. Although a causal rela- 
tionship has not been established, suppression of 
growth (ie, weight gain and/or height) has been re- 
ported with long-term use of stimulants in children. 
Therefore, children requiring long-term therapy 
should be carefully monitored. 

Ritalin should not be used for severe depression of 
either exogenous or endogenous origin or for the 
prevention of normal fatigue states. 

Ritalin may lower the convulsive threshold in pa- 
tients with or without prior seizures; with or without 
prior EEG abnormalities, even in absence of sei- 
zures. Safe concomitant use of anticonvulsants and 
Ritalin has not been established. If seizures occur, 
Ritalin should be discontinued. 

Use cautiously in patients with hypertension. Blood 
pressure should be monitored at appropriate inter- 
vals in all patients taking Ritalin, especially those 
with hypertension. 

Symptoms of visual disturbances have been en- 
countered in rare cases. Difficulties with accom- 
modation and blurring of vision have been reported. 
Drug Interactions 

Ritalin may decrease the hypotensive effect of 
guanethidine. Use cautiously with pressor agents 
and MAO inhibitors. Ritalin may inhibit the metab- 
olism of coumarin anticoagulants, anticonvulsants 
(phenobarbital, diphenylhydantoin, primidone), 
phenylbutazone, and tricyclic antidepressants 
(imipramine, desipramine). Downward dosage 
adjustments of these drugs may be required 

when given concomitantly with Ritalin. 


Ritalin € 
(methylphenidate) 
For the 200,000 narcoleptics 


e 


who can 


t stay awake 


Usage in Pregnancy 

Adequate animal reproduction studies to establish 
safe use of Ritalin during pregnancy have not been 
conducted. Therefore, until more information is 
available, Ritalin should not be prescribed for 
women of childbearing age unless, in the opinion 
of the physician, the potential benefits outweigh 
the possible risks. 


Drug Dependence 

Ritalin should be given cautiously to emotionally 
unstable patients, such as those with a history 
of drug dependence or alcoholism, because 
such patients may increase dosage on their 
own initiative 

Chronically abusive use can lead to marked tol- 
erance and psychic dependence with varying 
degrees of abnormal behavior. Frank psychotic 
episodes can occur, especially with parenteral 
abuse. Careful supervision is required during 
drug withdrawal, since severe depression as 
well as the effects of chronic overactivity can be 
unmasked. Long-term follow-up may be re- 
quired because of the patient's basic personal- 
ity disturbances. 


PRECAUTIONS 
Patients with an element of agitation may react ad- 
versely; discontinue therapy if necessary. 
Periodic CBC, differential, and platelet counts are 
advised during prolonged therapy 
ADVERSE REACTIONS 
Nervousness and insomnia are the most common 
adverse reactions but are usually controlled by re- 
ducing dosage and omitting the drug in the after- 
noon or evening. Other reactions include: hyper- 
sensitivity (including skin rash, urticaria, fever, 
arthralgia, exfoliative dermatitis, erythema multi- 
forme with histopathological findings of necrotizing 
vasculitis, and thrombocytopenic purpura); anorexia; 
nausea; dizziness; palpitations; headache; dyskine- 
sia; drowsiness; blood pressure and pulse changes, 
both up and down; tachycardia; angina; cardiac ar- 
rhythmia; abdominal pain; weight loss during pro- 
longed therapy. Toxic psychosis has been reported. 
Although a definite causal relationship has not been 
established, the following have been reported in pa- 
tients taking this drug: leukopenia and/or anemia; a 
few instances of scalp hair loss. 
DOSAGE AND ADMINISTRATION 
Adults 
Administer orally in divided doses 2 or 3 times 
daily, preferably 30 to 45 minutes before meals. 
Dosage will depend upon indication and individual 
response. 
Average dosage is 20 to 30 mg daily. Some pa- 
tients may require 40 to 60 mg daily. In others, 10 to 
15 mg daily will be adequate. The few patients who 
are unable to sleep if medication is taken late in the 
day should take the last dose before 6 p.m. 
HOW SUPPLIED 
Tablets, 20 mg (peach, scored); bottles of 100 and 
1000. 
Tablets, 10 mg (pale green, scored); bottles of 100, 
500, 1000 and Accu-Pak® blister units of 100. 
Tablets, 5 mg (pale yellow); bottles of 100, 500 and 
1000. 

C76-16 (Rev. 7/76) 665381 
Consult complete product literature before 


prescribing. 174-81424 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


CIBA 





Neurologist bd. cert, or elig. 
for 480-bed Med. Svc. part of 
a larger med. center having 
excellent ambulatory care, 
psychiatric and geriatric ser- 
vices. OSMA approved cont. 
med. ed. prog. for AMA Phy. 
Recognition Award. JCAH ap- 
proved. Hosp. located in 
southern Ohio natural recrea- 
tion and scenic area. 45 min. 
from Columbus. Financial as- 
sistance in moving. Write or 
call collect Chief of Staff, VA 
Hospital, Chillicothe, Ohio 


45601, (614) 773-1141, ext. 
202. Equal Opportunity Em- 
ployer 


V.A. HOSPITAL 
CLINICAL 
NEUROLOGIST 


Wanted: 

Clinical neurologist interested in teach- 
ing and neuro-physiology for full-time 
academic position on large neurology 
service at the Veterans Administration 
Hospital, Hines, Illinois, and affiliated 
with Loyola University, Stritch School 
of Medicine, Maywood, Illinois (suburb 
of Chicago). 


Applicant should be Board Certified or 
Board eligible, licensed in practice 
medicine and either be a citizen or 
have a permanent visa. English 
language proficiency required. 


Interested applicants should respond to 
FRANK A. RUBINO, M.D., CHIEF, Neurology 
Service, (127) ZAH, Hines, IL 60141 with 
current curriculum vitae, and any other 
pertinent information. 


An Equal Opportunity Employer 





SCTNI 


Society for Computerized Tomography 
and Neuro-Imaging 


Second Annual Meeting 


Oct. 29-Nov. 2, 1978 
Hilton Head Inn 
South Carolina 


Calendar of Events 


Monday, October 30, 1978 
8 a.m.-Noon Scientific Sessions 
Technical Aspects of Neuro- 


Imaging 
4-5 p.m. Committee Meetings 
6:30 p.m. Dinner 


Tuesday, October 31, 1978 
8 a.m.-Noon Scientific Sessions 
I Cerebrovascular Disease 
I| General Session: 
Considerations of C.T. in 


various Neurologic 
Conditions 
4-5 p.m. Committee Meetings 
6:30 p.m. Banquet 


Wednesday, November 1, 1978 
8 a.m.-Noon Scientific Sessions 
| Review Lectures on 
Hydrocephalus, Diseases of 
the Orbits and Sella Turcica 
II General Sessions: 
Clinical Aspects of C.T. 
Noon-lp.m.  S.C.T.N.I. Business Meeting 


Thursday, November 2, 1978 
8-9 a.m. Legal Aspects of C.T. 
Regulations 


9 a.m.-Noon Certification Examination 


Noon Social Event, Examination 
Review and Farewell 
Officers 
Presitient 250.2 2$. Mere e. William Oldendorf, M.D. 


William R. Kinkel, M.D. 
William Stuart, M.D. 


Vice President 
Secretary-Treasurer 


Accredited for 16 hours by the Council on Medical 
Education of the American Medical Association, and 


accepted for credit toward the Physician's Recognition 
Award. 





Speakers and Special To, 


P. Mansfield, Nottingham, Englanc 
Nuclear Magnetic Resonance, Ba: 
and Imaaing Systems Under Dew 


G. du Boulay, London, England: 
EMI Scanning at Queen's Square 


Oldendorf, Los Angeles, CA: 
Possible Future of Contrast Agen 
and Emission Tomography. 


Kinkel, Buffalo, NY: 


Review of C. T. in Occlusive Cereb 


Raichle, St. Louis, MO: 


Current Status of Emission C.T. 


L. Weisberg, New Orleans, LA: 
Review of C.T. in Sellar and Juxt 


G. Herman, Buffalo, NY: 


Three Dimensional Reconstructic 


J. Greenberg, Philadelphia, PA: 
The Usefulness of Routine Intrav 
Administration in C.T. 


T. Nadich, St. Louis, MO: 
The Role of C.T. in the Diagnosi: 


Lesions. 


L. Jacobs, Buffalo, NY: 
Review of Orbital C.T. 


Stuart, Atlanta, GA: 
Introduction of C.T. Into Commu 
on the Consultation Practice of I 


W. 


W. 


M. 


W. 


. McKinney, Winston Salem, N 
Neurosonology Update. 


Reservation Deadline: Septer 
Membership and General Infc 
Executive O 

25 Prescott St., D 

Atlanta, Georgi: 


One way l l 
o evaluate seizure etiology 
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omputerized transaxial tomogra 


(CT scan) is an important new noninvasi echnique 
hat can help in determining the e qy of epileptic seizures. Shown here is a s 


. e slice 
rom a color-enhanced CT scan of the brain of a patient with epilepsy. The absence of vascular 








A proven way 
to eta seizure control 


MYSOLIN E 


(pri midone) 222238228 
A single entity with multiple 
anti convulsant properti oe 


Primidone itself has anticonvulsant activity. In addition, its major metabolite, 
phenylethylmalonamide (PEMA), exerts an anticonvulsant effect of its own 
and also enhances the anticonvulsant action of the second metabolite, pheno- 
barbital. In patients refractory to phenytoin and phenobarbital, primidone 
may prove effective as the sole therapy.’ 





Multiple indications—grand mal, 
psychomotor, and focal epileptic seizures 


In arand mal, MYSOLINE is comparable i in efficacy to phenytoin and 
phenobarbital. 2:3 [n psychomotor seizures, phenobarbital is rarely effective.’ 
In focal seizures, phenytoin used alone is not indicated^— and, according to 
Forster? MY SOLINE is markedly more effective than phenobarbital, which 
should dispel the misconception that MYSOLINE is “just a phenobarbital.” 
(See chart below.) 





Agent Grand Mal Psychomotor Focal 




















Efficacy ratings* Mysoline TR ++++ ++++4 
of anticonvulsants TORN RE ETE IT] er Sk ee alte TET 
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in epilepsy (phenytoin) FEAS Fp T 
Barbiturates ren ie rir 
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Consider it first for major motor epilepsies 


MYSOLINE (primidone) 


See next page for Brief Summary and references. 


45 


1R 


Start seizure control with 


MYSOLIN E rinio) 


Initial dose in children over 8 years of age 
and adults: 250 mg daily at bedtime 


BRIEF SUMMARY 

(For full prescribing information. see package circular.) 
MYSOLINE* 

Brand of PRIMIDONE Anticonvulsant 


ACTIONS: MYSOLINE raises electro- or chemo- 
shock seizure thresholds or alters seizure patterns in 
experimental animals. The mechanism(s) of 
primidone's antiepileptic action is not known. 


Primidone per se has anticonvulsant activity as do its 
two metabolites. phenobarbital and phenylethylmal- 
onamide (PEMA). In addition to its anticonvulsant 
activity. PEMA potentiates that of phenobarbital in 
experimental animals. 


INDICATIONS: MYSOLINE. either alone or used 
concomitantly with other anticonvulsants. is indicated 
in the control of grand mal. psychomotor. and focal 
epileptic seizures. It may control grand mal seizures 
refractory to other anticonvulsant therapy. 


CONTRAINDICATIONS: Primidone is contraindi- 
cated in: 1) patients with porphyria and 2) patients who 
are hypersensitive to phenobarbital (see ACTIONS). 
WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 

The therapeutic efficacy of a dosage regimen takes 
several weeks before it can be assessed. 

Usage in pregnancy: The effects of MYSOLINE in 
human pregnancy and nursing infants are unknown. 
Recent reports suggest an association between the use 
of anticonvulsant drugs by women with epilepsy and 
an elevated incidence of birth defects in children born 
to these women. Data are more extensive with respect 
to diphenylhydantoin and phenobarbital. but these are 
also the most commonly prescribed anticonvulsants: 
less systematic or anecdotal reports suggest a possible 
similar association with the use of all known anticon- 
vulsant drugs. 


The reports suggesting an elevated incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodologic problems in obtaining adequate data on 
drug teratogenicity in humans: the possibility also 
exists that other factors. e.g.. genetic factors or the 
epileptic condition itself. may be more important than 
drug therapy in leading to birth defects. The great 
majority of mothers on anticonvulsant medication de- 
liver normal infants. It is important to note that anticon- 
vulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major sei- 
zures because of the strong possibility of precipitating 
Status epilepticus with attendant hypoxia and threat to 
life. In individual cases where the severity and fre- 
quency of the seizure disorder are such that the re- 
moval of medication does not pose a serious threat to 
the patient. discontinuation of the drug may be consid- 
ered prior to and during pregnancy. although it cannot 
be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or 
fetus. 


The prescribing physician will wish to weigh these con- 
siderations in treating or counseling epileptic women of 
childbearing potential. 


Neonatal hemorrhage. with a coagulation defect re- 
sembling vitamin K deficiency. has been described in 
newborns whose mothers were taking primidone and 
other anticonvulsants. Pregnant women under anti- 
convulsant therapy should receive prophylactic vita- 
min K, therapy for one month prior to. and during. 
delivery. 

PRECAUTIONS: The total daily dosage should not 
exceed 2 g. Since MYSOLINE therapy generally ex- 
tends over prolonged periods, a complete blood count 
and a sequential multiple analysis-12 (SMA-12) test 
should be made every six months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in 


substantial quantities. Since tests for the presence of 
primidone in biological fluids are too complex to be 
carried out in the average clinical laboratory. it is 
suggested that the presence of undue somnolence and 


drowsiness in nursing newborns of MYSOLINE- 


treated mothers be taken as an indication that nursing 
should be discontinued. 


ADVERSE REACTIONS: The most frequently oc- 
curring early side effects are ataxia and vertigo. These 


tend to disappear with continued therapy. or with re- 


duction of initial dosage. Occasionally. the following 
have been reported: nausea. anorexia, vomiting. 


fatigue. hyperirritability, emotional disturbances. sex- 


ual impotency. diplopia, nystagmus. drowsiness. and 
morbilliform skin eruptions. Occasionally. persistent or 
severe side effects may necessitate withdrawal of the 
drug. Megaloblastic anemia may occur as a rare 


idiosyncrasy to MYSOLINE and to other anticonvul- 
sants. The anemia responds to folic acid without neces- 


sity of discontinuing medication. 

DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 g per day. The initial dose is 
250 mg. Increments of 250 mg are added. usually at 


weekly intervals, to tolerance. or therapeutic effective- 


ness, up to daily doses not exceeding 2.0 g. A typical 
dosage schedule for the introduction of MYSOLINE is 
as follows: 


Adults and Children Over 8 Years of Age 


2nd Week 

250 mg daily at bedtime 250 mg b.i.d. 
3rd Week 4th Week 

250 mg t.i.d. 250 mg q.i.d. 










lst Week 


In children under 8 years of age. maintenance levels 
are established by a similar schedule. but at one-half 
the adult dosage. It is best to begin with 125 mg. with 
gradual weekly increases of 125 mg a day. to a daily 
total usually between 500 mg and 750 mg. 

In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage 


of the other drug(s) is maintained or gradually de- 
creased. This regimen should be continued until satis- 


factory dosage level is achieved for combination. or the 
other medication is completely withdrawn. When 
therapy with this product alone is the objective, the 
transition should, not be completed in less than two 
weeks. 

MYSOLINE 50 mg Tablet can be used to practical 
advantage when small fractional adjustments (upward 
or downward) may be required. as in the following 
circumstances: for initiation of combination therapy: 
during “transfer” therapy: for added protection in 
periods of stress or stressful situations that are likely to 


precipitate seizures (menstruation, allergic episodes. 


holidays. etc.). 
HOW SUPPLIED: MYSOLINE Tablets—No. 430 


—Each tablet contains 250 mg of primidone (scored ). 


in bottles of 100 and 1,000. Also in unit dose package 
of 100. No. 431—Each tablet contains 50 mg of 
primidone (scored). in bottles of 100 and 500. 
MYSOLINE Suspension—No. 3850—Each 5 ml 
(teaspoonful) contains 250 mg of primidone, in bottles 
of 8 fluidounces. 


References: 1. Woodbury. D. M.. and Fingl, E.. in 


Goodman, L. S.. and Gilman. A. (eds.): The Phar- 
macological Basis of Therapeutics. ed. 5. New York. 
Macmillan Publishing Co., Inc.. 1975. p. 222. 


2. Rodin, E.. in Conn, H. F (ed.): Current Therapy 


1977. Philadelphia. W. B. Saunders Company, 1977. 


p. 716. 3. Forster, F. M.: Med. Clin. North Am. 47:1579 


(Nov.) 1970. 4. Physicians Desk Reference. ed. 31. 


Oradell, N.J.. Medical Economics Co.. 1977, p. 1175. 
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A«OMPLETE 3u-MINUTE 
REVIEW OF THE WORLD'S 


Core Journals in Clinical Neurology 








TOP MEDICAL JOURNALS. 


offers you these features: 


Abstracts Core Journals in Clinical Neurology 
provides you with abstracts of all original articles 
published in the world's best clinical neurology 
journals: 

Annals of Neurology - USA. Brain - United Kingdom. 
Journal of Neurology - GFR. Journal of Neurology/ 
Neurosurgery and Psychiatry - United Kingdom. 
Neurology - USA. Revue Neurologique - France. Journal 
of Neurological Sciences - Netherlands. 


Table of Contents Each issue of Core Journals 
in Clinical Neurology provides complete tables of 
contents from these carefully selected journals: 

The New England Journal of Medicine - USA. The 
Journal of the American Medical Assocation - USA. 

The Lancet - United Kingdom. British Medical Journal - 
United Kingdom. Deutsche Medizinische Wochen- 
schrift - GFR. La Nouvelle Presse Médicale - France. 


Core Journals in Clinical Neurology - a matter 
of efficiency. 

Experience has shown that in any medical disci- 
pline, as many as 80 percent of the most significant 
developments are published in approximately 
20 percent of the journals in that specialty area. 
With this in mind our editorial staff of clinical 
neurological specialists collate, translate when 
necessary, prepare and publish abstracts of all 
original articles of the most important journals. 
Each month Core Journals in Clinical Neurology 
gives you more information in less time. 


Core Journals in Clinical Neurology - designed 
for you, the practitioner. 

By virtue of their own experience in clinical 
neurology practice, the editors of Core Journals in 
Clinical Neurology have carefully selected the 
journals which offer the most valuable material to 
your own practice. Emphasis is placed on selecting 
and abstracting only those journals offering 
practical application of new diagnostic and thera- 
peutic findings to the practice of clinical neurology. 


Core Journals in Clinical Neurology - one of the 
fastest current awareness services. 

Monthly publication permits the publication of 
an abstracted article and its appearence in Core 
Journals in Clinical Neurology within six weeks 
or less after its original publication. This makes 
Core Journals in Clinical Neurology one of the 
fastest current awareness services in the world. 
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Subscription costs, only 30 dollars. 

As apractitioner, youcan subscribe to Core Journals 
in Clinical Neurology for 1978 for only 30 dollars 
or 40 percent less than the 50 dollars subscription 
rate for libraries and other institutions. The first 
issue is dated March so ten issues will be 
published this year. If your order is received later 
in the year, you will be invoiced on a pro rata basis. 


Put it to the test. 


CO send me a free sample (and I have no 
obligations) 

C yes, I am interested - enter my individual 
subscription to Core Journals in Clinical 
Neurology 


LJ yes, I am interested - enter my institutional 
subscription to Core Journals in Clinical 
Neurology 


O I await your invoice [I enclose my check 


Please complete the following in capital letters 
Name: _ 


Address: 


Date: _ Se. 


Signature: — 


Please return the order form to: Core Journal 
Publications, P.O. Box 3085, Princeton, N J. 08540. 


| Instructions for Authors 


Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, Iowa City, IA 
92242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effective Jan 1, 1978, transmittal letters to the editor should 
contain the following language: *In consideration of the 
American Medical Association's taking action in reviewing and 
editing my submission, the author(s) undersigned hereby trans- 
fers, assigns, or otherwise conveys all copyright ownership to 
the AMA in the event that such work is published by the AMA." 
We regret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessi- 
tate delay in review of the manuscript. 


Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typeseript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 


Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 cm (812 x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 


Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 


References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author(s), (2) title, (3) journal name (as abbreviated in 


Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books: 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, (6) 
publisher, and (7) year. Volume and edition numbers, 
specific pages, and name of translator should be included 
when appropriate. The author is responsible for the 
accuracy and completeness of the references and for their 
correct text citation. 

Metrication.— All measurements must be in metric units. 
English units may also be given parenthetically if the 
measurements were originally done in English units. 

Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in duplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating "top" 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduetion to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.5 x 18 em (5x7 
inches). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES contribution, the author's 
share is $275.00 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparenciés (35 mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All trans- 
parencies should be carefully packed and sent with the 
manuscript. 

Legends.— Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 

Photographic Consents.—-A letter of consent must 
accompany all photographs of patients in which a possi- 
bility of identification exists. It is not sufficient to cover 
the eyes to mask identity. 

Acknowledgments.—Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher's 
permission to reprint should be submitted to the ARCHIVES 
after the manuscript has been formally accepted. 

Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 

Tables.—Each table should be typed double-spaced, in- 
cluding all headings, on a separate sheet of 22 x 28 cm 
(8'» x ll-inch) paper. Do not use larger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 







WIGRAINE For MIGRA 


Fast Disintegration: Taken at the first symptom 


r of migraine, Wigraine tablets disintegrate 7 to 70 times faster 
than other migraine preparations.* A patented microgranula- 
tion process “bursts” the tablets apart so that digestive juices 
have unhindered access to the active ingredients—providing 
quick-release medication 


e to halt throbbing head pain before it takes hold 
eto ease the nausea and "sickness" of migraine attacks 


eto relieve pain from sustained contraction of head and 
neck muscles 


eto allay the feelings of hopelessness in many migraine 
patients 


e to rebuild the patient's confidence in therapy 


Each Wigraine tablet and rectal suppository contains ergotamine tartrate, 1.0 mg; caffeine, 
100.0 mg; belladonna alkaloids (levorotatory), representing 87.5% hyoscyamine and 12.596 
atropine as sulfates, 0.1 mg and phenacetin, 130.0 mg 


PRECAUTIONS: Dosage of either tablets or suppositories singly or in combination should 

not exceed a total of 12 during any seven-day period. Although rare, ergotamine is capable 
w of producing all the symptoms of ergotism. CONTRAINDICATIONS: Peripheral vascular or 

coronary disease, angina pectoris, hypertension, renal or hepatic dysfunction, pregnancy, 
septic states, incipient glaucoma. SUPPLIED: Tablets—individually foil-wrapped in boxes of 
20 or 100. Suppositories—individually foil-wrapped in boxes of 12 


- xe Organon Pharmaceuticals 
Srganon) A Division of Organon Inc. 
Tae West Orange, N.J. O7052 
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The 
Time for 
Relief 


An early stage in the migraine episode—constricted cerebral 
arteries impair blood flow and evoke the warning aura. Taken 
now, Wigraine can often abort the attack before the onset of 
painful headache. 


Wigraine Timed 


Actual photos show total disintegration of Wigraine tablet in 
digestive juice in only 18 seconds (range 8" -32"; average 18").* 
In the same test, other well-known migraine tablets take as long 
as 24 minutes and more. 





Tested in USP disintegration apparatus. Data on file, Research Department, Organon Inc 
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Must the MBD child takea . 
controlled drug in school? 
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Not if hes taking 
Cylert (pemoline) (v 


Children can be cruel. Their teasing about taking noontime 
medication can cause serious problems for the child with MBD. 


Here's how Cylert eliminates this problem: 


e Once a day dosage at home 
e Eliminates mid-day school dose 


In addition, Cylert offers these benefits: 


e Avoids ups and downs of drug action brought about by 
multiple daily dosage 


e Control of medication by the parent 

e A chewable dosage form 

e Less physician paper work (Cylert is in schedule IV) 

e Safety and efficacy proven in extensive clinical studies* 


*Copy of the Cylert Monograph available to Physicians on written request. 


When not to use medication 


Cylert should not be used for (and will not disorders, including psychosis. 
be effective in) simple cases of overactivity 


in school-age children: The physician should rely on a complete 


Neither should it be used in the child who tion of symptoms from both parents and 

exhibits symptoms secondary to environ- teacher before postulating a-diagnosis 

mental factors and/or primary psychiatric of MBD. 808326) S. 
— Please see next page for Prescribing In ormation. 


history of the child and a thorough descrip- 
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Cylert and Cylert Chewable Tablets 
(pemoline) 
Prescribing Information o 


Indications: MINIMAL BRAIN DYSFUNCTION IN CHILDREN —as 
Dd ve therapy to other remedial measures (psychological, educational, 
social). 

Special Diagnostic Considerations: The cause of minimal brain dysfunction 
(MBD) is unknown. Diagnosis of MBD involves the use of medical. 
psychological, educational, and social tools, since no single diagnostic test is 
adequate. 

MBD is characterized by chronic moderate to severe hyperactivity, short 
attention span, distractibility, emotional lability, and impulsivity. 
Nonlocalizing (soft) neurological signs, learning disability, and abnormal 
EEG may or may not be present. The diagnosis of MBD must be based upon 
a complete history and evaluation of the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all children with MBD. In the primary 
therapy of MBD, appropriate educational placement is essential and 
psychosocial intervention is generally necessary. When these measures alone 
are insufficient, the decision to prescribe stimulant medication will depend 
upon the physician's assessment of the chronicity and severity of the child's 
symptoms. Stimulants are not intended for use in the child who exhibits 
symptoms secondary to environmental factors and/or primary psychiatric 
disorders, including psychosis. 


Contraindications: Cylert (pemoline) is contraindicated in patients with 
known hypersensitivity or idiosyncrasy to the drug. (See ADVERSE 
REACTIONS.) 


Warnings: Cylert is not recommended for children less than 6 years of age 
since its safety and efficacy in this age group have not been established. 

Sufficient data on the safety and the efficacy of the long-term use of Cylert 
in children with minimal brain dysfunction are not yet available. 

A temporary suppression of the predicted growth rate (weight and/or 
height gain) has been reported for children receiving long-term stimulant 
therapy. A definite causal relationship between stimulant drugs and this 
finding has not been established. 


Precautions: Liver function tests should be performed periodically during 
therapy with Cylert. The drug should be discontinued if abnormalities are 
revealed and confirmed by follow-up tests. (See ADVERSE REACTIONS 
regarding reports of abnormal liver function tests and jaundice.) 

Cylert should be administered with caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs has not been studied in humans. 
Patients who are receiving Cylert concurrently with other drugs, especially 
drugs with CNS activity, should be monitored carefully. 

Cylert failed to demonstrate a potential for self-administration in primates. 
However, the pharmacologic similarity of pemoline to other 
psychostimulants with known dependence liability suggests that 
psychological and/or physical dependence might also occur with Cylert. 
There have been isolated reports of transient psychotic symptoms occurring 
in adults following the long-term misuse of excessive oral doses of pemoline. 
Cylert should be given with caution to emotionally unstable patients who 
may increase the dosage on their own initiative. 

Usage during Pregnancy and Lactation: The safety of Cylert (pemoline) for 
use during pregnancy and lactation has not been established. 

Fertility, reproduction, and teratology studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 mg./kg./day, had no effect on the 
fertility of male or female rats. The drug, when given to pregnant rats (from 
gestation day 15 through weaning) and to rabbits (from gestation days 6-18) 
at these same dosage levels, produced no teratogenic or embryotoxic effects, 
and had no effect on the viability of the young at birth. However, increased 
incidences of stillbirths and cannibalization were observed when pemoline 
was given to rats at these dosage levels, beginning 14 days prior to conception. 


Adverse Reactions: Insomnia is the most frequently reported side effect of 
Cylert; it usually occurs early in therapy, prior to an optimum therapeutic 
response. In the majority of cases it is transient in nature or responds to a 
reduction in dosage. 

Anorexia with weight loss may occur during the first weeks of therapy. In 
the majority of cases it is transient in nature; weight gain usually resumes 
within three to six months. 

Stomach ache, skin rashes, increased irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum LDH have occurred in patients 
taking Cylert, usually after several months of therapy. These effects appear to 
be reversible upon withdrawal of the drug, and are thought to be 
manifestations of a delayed hypersensitivity reaction. There have also been a 
few reports of jaundice occurring in patients taking Cylert; a causal 
relationship between the drug and this clinical finding has not been 
established. 

There have been reports of dyskinetic movements of the lips, face, and 
extremities occurring with the use of Cylert. Convulsive seizures have also 
been reported. A definite causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early during the course of treatment with 
Cylert often remit with continuing therapy. If adverse reactions are of a 
significant or protracted nature, dosage should be reduced or the drug 
discontinued. 


How Supplied: Cylert (pemoline) is supplied as monogrammed, grooved 
tablets in three dosage strengths: 

18.75 mg. tablets (white) in bottles of 100 (NDC 0074-6025-13) 

37.5 mg. tablets (orange-colored) in bottles of 100 (NDC 0074-6057-13) 

75 mg. tablets (tan-colored) in bottles of 100 (NDC 0074-6073-13) 

Cylert Chewable is supplied as monogrammed, grooved tablets in one 
dosage strength: 

37.5 mg. tablets (orange-colored) c) 
in bottles of 100 (NDC 0074-6088-13) 
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For Clinical 


Reference, 


Teaching, 


Lectures. 


Fit any 2" x 2" 
Viewer or Projector 


NEW MXRR SLIDE/SOUND PROGRAMS 


OCT-1A COMPUTED TOMOGRAPHY of the CENTRAL 
NERVOUS SYSTEM: BRAIN TUMORS 


62 slides $35.00 


[]CT-1AT With Synchronized Cassette Tape .................... $50.00 
by Roger A. Hyman, M.D. 

04 MYELOGRAPHY 5... eur Aa i 50 slides $28.00 

0 4T With Synchronized Cassette Tape .................... $43.00 


Neurological Institute of New York 


NORMAL—CONGENITAL & TRAUMATIC DISORDERS 

of the SKULL of INFANTS & CHILDREN 
O 3-1A FER D M RT SEAE EE 50 slides $28.00 
[1 3-1AT $43.00 
(3 3-1B o UU Ape T MER TP AA 50 slides $28.00 
0 3-1BT With Synchronized Cassette Tape .................... $43.00 

by John W. Hope, M.D. 


ACTIVE COLLECTION SERIES 


INTRACRANIAL CALCIFICATIONS 
D 8-1A x i x aM or REPRE: 51 slides $28.00 
0 8-1B PONE Gu oer ot iade E 52 slides $28.00 
by Philip J. Hodes, M.D. 


SINUSES AND MASTOIDS  ................ 58 slides $35.00 
by John H. Gilmore, M.D. 


NORMAL & ABNORMAL PNEUMOENCEPHALOGRAM & 
VENTRICULOGRAM—INTRACRANIAL TUMORS 
o 8-4A PME E E EEE ET 55 slides $32.00 
O 8-4B P AU Pc aaa ee aa 56 slides $32.00 
by Temple University Hospital 


04-1 ATLAS OF SPINAL CORD LESIONS .. 50 slides $28.00 
by John E. Whiteleather, M.D. 
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| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

4 


by Harvey White, M.D. 


[3 8-5C CEREBRAL ANGIOGRAPHY  .............. 59 slides $35.00 
by Temple University Hospital 


oO 8-6A SOME APPLICATIONS OF BRAIN 
SCANNING AND ANGIOGRAPHY ...... 71 slides $35.00 
by William V. Mollihan, M.D. 


Rotary slide tray—storage container and 
descriptive text are included with Synchronized 
Cassette Tape. 


Other series are supplied with slides and 
descriptive text only. 


CHECK OFF SERIES DESIRED—CLIP & SEND 
WITH YOUR CHECK—SATISFACTION 
GUARANTEED OR YOUR MONEY REFUNDED. 
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ORDER DIRECT OR ASK FOR CATALOG F 


MEDICAL FILM SLIDE DIVISION 
Micro X-Ray Recorder, Inc. 
3755 West Lawrence 
Chicago, Ill. 60625 





312/478-8560 





EVOKED RESPONSE SYSTEM 
by "GRASS 


FOR INVESTIGATION AND STUDY OF: 


® visual field defects and optic neuritis by visual evoked re- 
sponses, 


e demyelinating disorders such as multiple sclerosis by audi- 
tory, visual and somatosensory evoked response recording, 


e brainstem areas for possible hemorrhage, demyelinating 
disease, and certain metabolic disorders by looking at the 
Brainstem Auditory Evoked Response, 


e cortical consequences of head trauma, transient ischemic 
attacks and stroke, 


è spinal cord injury by evoked potentials recorded in that 
area, 


9 the degree of residual brain function in comatose patients, 


e hearing loss by use of Auditory Evoked Response to various 
forms of auditory stimuli. 


MODULAR UNITS FOR THE EVOKED RESPONSE SYSTEM 


SIGNAL CONDITIONING MODULE 

Signal conditioning amplifiers, calibrator and electrode selec- 
tor and test circuitry. Two or four channels in one compact 
module. 


BIO- RESPONSE AVERAGER - BAT1O 

Two or four channels - each channel having 1024 word memory 
uniquely designed to handle short latency, rapid rise-time 
brainstem responses, and multiple trials needed to coax sub- 
microvolt signals out of noise within less than 10 milliseconds 
post-stimulus. 


DATA DISPLAY 
Tektronix CRO equipment for on-line visualization, 
Hewlett Packard X-Y Plotter for write out. 


STIMULATORS AND GENERATORS 

Stimulators for visual, auditory and somatosensory evoked po- 
tentials. Photic stimulators and pattern generators. Stimule- 
tors, attenuators and earphones for auditory click generation. 
Stimulators and isolation units for somatosensory evoked poten- 
tials. 


® 
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€ GRASS INSTRUMENT CO. 1978 
MEDICAL NSTRUMENTS 


#5823B78 - February 1, 1978 QUINCY, MASS. 02169 « 617/773-0002 
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Problems in 


A 14-credit-hour postgraduate course 
sponsored by the Department of Neurology 
of The Medical College of Wisconsin and 
Milwaukee Children's Hospital. 


Monday, October 2nd — Tuesday, Oc- 
tober 3rd, 1978. 








Guest faculty: Harold E. Booker, Joseph 
H. French, J. Preston Harley, Marcel 
Kinsbourne, John H. Menkes, and Joseph J. 
Volpe. 







Topics: seizures, neonatal neurology, 
learning disorders, and therapies in 
pediatric neurology. 






For a descriptive brochure, write to Ms. 
Jennie M. Evenson, Department of 
Neurology, The Medical College of 
Wisconsin, Milwaukee Children's Hospital, 
P.O. Box 1997, Milwaukee, Wisconsin 
53201. Or telephone her at (414) 931-4074. 










AUDITORY EVOKED POTENTIALS 


A workshop in the practical 
clinical applications of 
Electrocochleography 

and Brainstem Audiometry 


sponsored by The Methodist Hospital and the Institute of 
Otorhinolaryngology and Communicative Disorders, The 
Neurosensory Center of Houston. 

November 4, 5, 6, 1978 

This three-day course is designed to familiarize the 
physician and audiologist with clinical applications of the 
"early" auditory evoked potentials. Background information 
on the "middle" and "late" potentials and on cochlear 
potentials is also included. The course relies heavily on 
tutorials and workshops to familiarize the participant with 
instrument operation, response measurement and interpre- 
tation of test results. 

A course syllabus will be distributed to each participant 
prior to enrollment. Each participant may also avail himself 
of an optional self-evaluation examination which will be 
scored and critiqued by the instructors. 


Course Instructors: Alfred C. Coats, M.D. 
James F. Jerger, Ph.D. 
and Staff 
Tuition: $325.00 Enrollment limited 


Address inquiries to Alfred C. Coats, M.D., Cochlear Function 
Laboratory, The Neurosensory Center of Houston, 6516 Bertner 
Avenue, Houston, Texas 77030 
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Expand Your Horizons | 
And Those of Your 
Nursing Home Patients - 





ui—— 
This compilation of articles and memoranda is geared to 
further your understanding of your role in regard to: your 
nursing home patients; their families; and the nursing home 
staff. Published by the American Medical Association, The 
Medical Director in the Long-Term Care Facility is the 
only book of its kind. 


The Table of Contents includes: 


e Doctor's Role in the Nursing Home 

e Medical Direction in Long-Term Care Facilities 

e Role Relationships of the Medical Director 

e The Role of the Physician in Long-Term Care 
Facilities—The Administrator s Viewpoint 

e Federal Regulations and Proposed Duties for the 
Medical Director in the Skilled Nursing Facility 

e The Nursing Home's Medical Director— 
A New Breed of Mentor 


The Medical Director in the Long-Term Care Facility 
should help you to meet the nursing home problems which 
you encounter. Use the coupon to order this valuable 
compendium today. 


$3.50 


Order Dept./OP-22 
American Medical Association 
535 N. Dearborn/Chicago, IL 60610 





Please send copy(ies) of THE MEDICAL DIREC- 
TOR IN THE LONG-TERM CARE FACILITY, OP-22, at 
$3.50 each. Enclosed is $. — . , payable to the 
AMA. 

Name 

Address 


City/State/Zip 
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SOUTHERN ELECTROENCEPHALOGRAPHIC SOCIETY 


x The Southern EEG Society's Annual Meeting will be held October 26-28, 1978 in Atlanta, Ga. at the Hyatt Regency Hotel. In addition to free 
communications and guest lecture by Paul H. Crandall, M.D., there will be a course entitled "EEG and Epilepsy." The content of the course is as 
follows: 

w Saturday, October 28, 1978—8:00 A.M. to 1:00 P.M. 
8:00-8:30 Edward Reilly, M.D. TECHNICAL ASPECTS OF EEG 

| University of Texas Medical School RECORDING OF SEIZURE DISORDERS 

Houston, Texas 

8:30-9:00 Hooshang Hooshmand, M.D. CLINICAL CORRELATION OF EEG IN 
Seizure Control Clinic SEIZURE DISORDERS 
Vero Beach, Florida 

9:00-9:30 Frank Sharbrough, M.D. EEG IN SEIZURE DISORDERS IN CHILDREN 
Mayo Clinic 
Rochester, Minnesota 

9:30-10:00 Mary R. Andriola, M.D. FEBRILE SEIZURES 
University of Florida 
Gainesville, Florida 

10:00-10:45 Donald W. Klass, M.D. EEG IN COMPLEX PARTIAL SEIZURES 
Mayo Clinc 
Rochester, Minnesota 

10:45-11:30 Paul H. Crandall, M.D. THE IMPORTANCE OF EARLY CONTROL 
U.C.L.A. OF TEMPORAL LOBE EPILEPSY 
Los Angeles, California 

11:30-12:00 Ernst Niedermeyer, M.D. EEG IN GENERALIZED SEIZURES 


Johns Hopkins 
Baltimore, Maryland 


12:00-12:30 William P. Wilson, M.D. DEPTH ELECTRODES IN PETIT MAL 
Duke University 
Durham, North Carolina 


12:30-1:00 Faculty SUMMARY QUESTIONS 


The course fee will be $40.00 for electroencephalographers and $10.00 for EEG technicians, medical students and 
resident-Fellows. Information regarding the meeting and the course may be obtained from: 


Mary R. Andriola, M.D. 
Secretary-Treasurer 

1011 Jeffords Street 
Clearwater, Florida 33516 






















EXPAND 
DIAGNOSTIC 
CAPABILITIES ®& 


The RV-275 Saccadic Velocity Recorder offers a non-evasive test with re- 
peatable electronic recordings of the peri-orbital potentials of each eye 
independently during saccads. This enables the Physician or Technician 
to obtain permanent EOG recordings to aid in the diagnosis of... 


Multiple Sclerosis Orbital tumor 
Myasthenia Gravis Duane's contraction syndrome 


Internuclear Opthalmoplegia Myotonia Congenita 

Thyroid eye disease Senile Ptosis 

III nerve paralysis effecting the medical Mechanical restrictions and paresis 
rectus and the elevated vertical muscles following blow-out fractures of the orbit 


An instrument of the Quality you have come to expect from TRACOUSTICS, 
manufacturers of fine instrumentation for electronystagmography and 
related vestibular testing. 


Call us for more details 
512/444-1961 P.O. Box 3610 * Austin, TX 78764 
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Adds better dosage control 


C+) Long term treatment of depression with amitriptyline requires ` 
careful dosage titration to meet the individual needs of each 

patient. Because all six strengths of Endep (amitriptyline HCl) are 

scored, you can easily change the dose by half-tablet steps, without 

waiting for the patient to fill a new prescription. 


6e 9 0 A v v4 


12.5 mg 37.5 mg 75 mg 











toadd, subtract, 
amitriptyline... 





Subtracts some of the drawbacks of 
antidepressant therapy 


Scored Endep (amitriptyline HCl) tablets may eliminate the need 

for a new prescription each time the dosage needs to be changed, 
saving time for you and money for your patient. And, by keeping the 
patient on the same strength tablet, there's less chance he'll become 
confused, as he might if changed to another size or color of 
amitriptyline. 


Multiplies therapeutic options 


The pharmacokinetic properties of Endep (amitriptyline HCI) 

are such that its clinical effect is the same whether prescribed 
t.i.d. or as a single daily dose. Thus, once you have established the 
proper dosage, you can prescribe the entire dose h.s., minimizing 
anticholinergic and sedative side effects and helping to assure patient 
compliance with this simple regimen. 

By prescribing the higher strength tablets h.s. —secure in the 
knowledge that the dosage can be adjusted in half-tablet steps without 
resorting to a new prescription —your patient will economize further 
on a per milligram basis. 


. Endep 
amitriptyline HCT/ Roche 
-The only amitriptyline scored 
for easy division 





Endep 
amitriptyline HCl/Roche 


Before prescribing, please consult complete 

roduct information, a summary of which 
ollows: 
Contraindications: Known suy nora A 
Do not use with monoamine oxidase (MAO) 
inhibitors or within at least 14 days following 
discontinuation of MAO inhibitors since 
hyperpyretic crises, severe convulsions and 
deaths have occurred with concomitant use; 
then initiate cautiously, gradually increasi 
dosage until optimal response is achieved. Use 
not recommended during acute recovery phase 
after myocardial infarction. 

ings: May block action of guanethidine 

or similar antihypertensives. Use with caution 
in patients with history of seizures, urinary 
retention, angle-closure glaucoma, increased 
intraocular pressure. Closely supervise cardio- 
vascular patients, hyperthyroid patients and 
those receiving thyroid medications. (Arrhyth- 
mias, sinus tachycardia and prolongation 
of conduction time reported with use of tri- 
cree rS pi aere rin including amitriptyline 

Cl, especially in high doses. Myocardial in- 
farction and stroke reported with use of this 
class of arose} May impair alertness; warn 
against hazardous occupations or driving a 
motor vehicle during therapy. Weigh possible 
benefits against hazards during pregnancy, 
the nursing period and in women a child- 
bearing potential. Not recommended in chil- 
dren under 12. 
Precautions: May exaggerate symptoms in 
schizophrenic and paranoid patients, or shift 
manic-depressives to manic stage; reduce dose 
or administer major tranquilizer concomi- 
tantly. Close supervision and careful dose 
adjustments required when given with anti- 
cholinergic or sympathomimetic agents. Exer- 
cise care in patients receiving large doses of 
ethchlorvynol; transient delirium reported 
with concomitant administration. May en- 
hance effects of alcohol, barbiturates and other 
CNS depressants. Because of the possibility of 
suicide in depressed patients, do not permit 
easy access to large drug quantities in these 
patients. Because it may increase hazards of 
electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue 
drug several days before elective surgery. Both 
elevation and lowering of blood sugar levels 
have been reported. 
Adverse Reactions: Note: This list includes a 
few adverse reactions not reported with this 
specific drug but requiring consideration 
because of similarities of tricyclic antidepres- 
sants. Cardiovascular: Hypotension, hyper- 
tension, tachycardia, palpitation, myocardial 
infarction, arrhythmias, heart block, stroke. 
CNS and Neuromuscular; Confusional states; 
disturbed concentration; disorientation; de- 
lusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, 
tingling and paresthesias of the extremities; 
peripheral neuropathy; incoordination; ataxia; 
tremors; seizures; alteration in EEG patterns; 
extrapyramidal symptoms; tinnitus. Anti- 
cholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, 
paralytic ileus, urinary retention, dilatation of 
urinary tract. Allergic: Skin rash, urticaria, 
puotoente rando, edema of face and to : 

ematologic: Bone marrow depression includ- 
ing agranulocytosis, eosinophilia, purpura, 
thrombocytopenia. Gastrointestinal: Nausea, 
epigastric distress, vomiting, anorexia, stoma- 


titis, peculiar taste, diarrhea, parotid swelling, | 


black tongue. Endocrine: Testicular swelling 
and gynecomastia in the male, breast enlarge- 
ment and galactorrhea in the female, increased 
or decreased libido, elevation and lowering of 
blood sugar levels. Other: Dizziness, weak- 
ness, fatigue, headache, weight gain or loss, 
increa perspiration, urinary frequency, 
mydriasis, drowsiness, jaundice, alopecia. 
Withdrawal Symptoms: Abrupt cessation of 
treatment after prolonged administration may 
produce nausea, headache and malaise. These 
are not indicative of addiction. 

t Scored Tablets: 10, 25, 50, 75, 100, 

150 mg. 
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Division of Hoffmann-La Roche Inc. 
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management of infertility. SANDOZ 
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The relationship of dopamine, prolactin, and 
Parlodel (bromocriptine mesylate) in amenorrhea/galactorrhea 
-~ associated with hyperprolactinemia* | | 
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The secretion of prolactin is regulated by complex hormonal and neuronal feedback 
mechanisms mediated by dopamine and/or prolactin inhibitory factors (PIF) 


from the hypothalamus. 
Excess prolactin may cause amenorrhea in two ways (keyed on diagram): 1) by 
interfering with the secretion of gonadotropin releasing hormone (GnRH), there- 

by preventing secretion of luteinizing hormone (LH) and follicle stimulating 

hormone (FSH); or 2) by blocking the action of LH and FSH at the gonadal level. 

Elevated prolactin levels also directly stimulate the mammary glands, resulting in 
galactorrhea (keyed [3] on diagram). 


Parlodel (bromocriptine mesylate) activates dopamine receptors that 
inhibit prolactin secretion in essentially the same manner as endogenous 
dopamine and reduces elevated prolactin levels. 





Clinical effectiveness in 
'amennorhea/galactorrhea 
„associated with hyperprolactinemia’ 


Parlodel therapy was studied in 210 
patients withamenorrhea/galactorrhea 
associated with hyperprolactinemia; 
of whom 187 wereevaluated for efficacy. 
In light of the usual findings with 
current therapies, the response to 
Parlodel (bromocriptine mesylate) was 
impressive. 


' CLINICAL IMPROVEMENT 

IN AMENORRHEA 
Reinitiation of menses (or pregnancy 
without first having mensest)was 
reported by 80% of 187 patients after 
an average treatment time of 5.7 weeks. 


CLINICAL IMPROVEMENT 
y IN GALACTORRHEA 
- 7696 of 187 patients experienced clini- 
cally significant — 75% or greater — 
reduction in galactorrhea, and 5876 
experienced complete cessation of milk 
secretion. The treatment time required 
for 7596 reduction was 6.4 weeks, and 
that for complete cessation was 
12.7 weeks. 
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OVERALL CLINICAL 
EFFECTIVENESS 

63% of 187 patients experienced 
reinitiation of menses and at least 79% 
reduction in galactorrhea; 47%had both 
reinitiation of menses and complete 
cessation of milk secretion. 


CORRELATION OF CLINICAL 
RESPONSE WITH REDUCTION 
IN PROLACTIN LEVELS 
Improvement markedly correlated with 
reduction in serum prolactin levels. 
Maximum reduction of prolactin levels 
was achieved within the first four weeks 
of therapy, and reduced levels were 
maintained throughout therapy. 


*in the absence of demonstrable pituitary tumor. 
Not indicated in patients with normal prolactin 
levels. Safe use in pregnancy not demonstrated. 
Thus, not indicated in the management of 
infertility. 


tParlodel (bromocriptine mesylate) is not indicated 
in the management of infertility. 
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Dosage and administration 


e Start with one 2.5-mg tablet with the evening 
meal for three days; increase to one tablet with 
food in the morning and in the evening on the 
fourth day. The therapeutic dosage is one tablet 
two or three times daily with meals. 


e |f adverse reactions occur, temporarily reduce 
dosage. 


e Duration of treatment should not exceed six 
months. 


e Patients should be required to use contraceptive 
measures, other than the oral contraceptives, 
during treatment with Parlodel (bromocriptine 
mesylate). However, since patients often ignore 
this recommendation and since pregnancy may 
occur prior to reinitiation of menses, as an 
additional precaution, a pregnancy test is 
recommended at least every four weeks during 
the amenorrheic period and, once menses are 
reinitiated, every time a patient misses a 
menstrual period. 


e |f pregnancy occurs, treatment should be 
discontinued immediately. 


Contraindications: Sensitivity to any ergot alkaloids. 


Warnings: Since hyperprolactinemia with amenorrhea/ 
galactorrhea has been found in patients with pituitary tumors 
(Forbes-Albright syndrome), a complete evaluation of the sella 
turcica is advisable before treatment with Parlodel* (bromocryp- 
tine mesylate). Although Parlodel therapy will effectively lower 
plasma levels of prolactin in patients with pituitary tumors, this 
does not obviate the necessity of radiotherapy or surgical pro- 
cedures where appropriate. If pregnancy occurs, treatment 
should be discontinued immediately; safe use has not been 
demonstrated in pregnancy. Should not be administered to 
nursing mothers. Safety and efficacy have not been established 
in children under age 15. Although the incidence of congenital 
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malformations and spontaneous abortions reported in human 
studies does not exceed that generally reported for such occur- 
rences in the population at large, the total number of pregnan- 
cies reported is an insufficient sample in which to detect any . 
given birth defect; extrapolation of these data to a greater 
patient population would be statistically invalid. 


Precautions: Since treatment may result in restoration of fertil- 


Ity, patients should be required to use contraceptive measures, 
other than the oral contraceptives, during treatment; however, 
since patients often ignore this recommendation and since 
pregnancy may occur prior to reinitiation.of menses, as an 


additional precaution, a pregnancy test is recommended at least 


every four weeks during the amenorrheic period and. once 
menses are reinitiated, every time a patient misses a menstrual 
period. Parlodel therapy has been demonstrated to be effective 
in the short-term management of amenorrhea/galactorrhea 
only. Data are not available on the safety or effectiveness of its 
use in long-term continuous dosage, or in patients given 
repeated courses of treatment following recurrence of 
amenorrhea/galactorrhea after initial treatment. Recurrence 
rates are reportedly very high, ranging from 70% to 80% in 
domestic and foreign studies. 


Adverse Reactions: The incidence of adverse effects is quite 
high (68%) but these are generally mild to moderate in degree. 
Therapy was discontinued in approximately 675 of patients 
because of adverse effects. These in decreasing order of fre. 
quency are nausea 51%, headache 18%, dizziness 16%, fatigue 
8%, abdominal cramps 7%, lightheadedness 6%. vomiting 5%, 
nasal congestion 5%, constipation 3% and diarrhea 3% A slight 
hypotensive effect may accompany Parlodel® (bromocriptine 
mesylate) treatment. The occurrence of adverse reactions may 
be lessened by temporarily reducing dosage to one-half tablet 
two to three times daily. 


Dosage and Administration: The therapeutic dosage is one 
2.5-mg tablet, two or three times daily, with meals. Duration of 
treatment should not exceed six months. It is 

recommended that treatment commence with one tablet 
daily, increasing to a therapeutic dosage within the first 

week, to reduce the possibility of adverse reactions. 

How Supplied: Tablets, 2.5 mg, in packages of 30. 

Before prescribing or administering, see package 

insert for full product information. SANDOZ 
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Special Article 


Ataxia Telangiectasia 


€ Ataxia telangiectasia has been de- 
scribed as a _ single-gene autosomal 
recessive disorder. It affects multiple 
systems. Several attempts to present an 
etiological hypothesis that will account 
for the multisystem involvement have 
been made. Those reviewed here are (1) 
aberration of inductive signaling, which is 
predicted on a deficient mesoderm, lead- 
ing to vascular and thus multiorgan 
effects (a critical timing of events is a 
basic assumption); (2) developmental 
imbalance, based on multisystem sup- 
pression of embryological development; 
(3) the autoimmune hypothesis, which 
requires the presence of a cell surface 
antigen on thymic and nerve cells analo- 
gous to the thy 1.1 antigen of mouse and 
rat. The development of cytotoxic autoan- 
tibody to this antigen is postulated as an 
explanation of the pathogenesis 

(Arch Neurol 35:553-554, 1978) 


i telangiectasia (AT) is an 
uncommon disorder, character- 
ized by progressive neurological de- 
generation resulting in ataxia, some- 
times severe enough to prevent loco- 
motion. It is accompanied by evidence 
of immunological changes, usually 
immunodeficiency and associated up- 
per respiratory infections. The immu- 
nodeficiency may affect either the 
cell-mediated or humoral aspects, or 
both. The telangiectasia usually af- 
fects the conjunctiva, but may be seen 
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in the pinna or other parts of the body. 
None of these major signs and symp- 
toms are uniformly expressed in each 
patient and they progress at different 
rates. Genetic analysis suggests that 
it is a single-gene, recessive, autoso- 
mal disorder,’ but cases were scarce at 
the time of analysis, and a single-gene 
recessive disorder has not seemed a 
satisfactory explanation to some in- 
vestigators. 

In many, but not all cases, chromo- 
somal rearrangements may be seen." 
Whether it is these cases with chromo- 
somal abnormalities that are subse- 
quently associated with the increased 
frequency of lymphoid leukemia seen 
in this disorder is moot, at present. 

Our purpose here is to assess the 
efforts at producing a concept that 
will explain or unify these seemingly 
disparate pathologies. Such an effort 
may stimulate further interest in this 
puzzling and fascinating syndrome 
and thus lead to investigation and 
appropriate therapeutic strategies. 


HYPOTHESES 
Aberration of Inductive Signaling 


Peterson et al’ suggested that 


genetically determined deficiency in 


embryonic mesoderm was a fault. This 
deficiency purportedly resulted in 
vascular abnormalities (telangiecta- 
sia) that were responsible for neuron- 
al degeneration and possibly thymic 
degeneration. Faulty mesoderm 
might also lack normal inductive 
mechanisms required for proper thy- 
mus development. Thus, mesodermal 
maldevelopment, presumably geneti- 
cally determined, could be involved as 
a unifying hypothesis in AT. 


Developmental Imbalance 


Later developments in AT investi- 
gation revealed that virtually all 
patients had elevated levels of serum 
a-fetoprotein.** The explanation giv- 
en was that since the liver synthesized 
a-fetoprotein, and since those levels 
are high in the fetal stage of develop- 
ment, elevated levels in AT were 
secondary to retarded hepatic devel- 
opment. It was further suggested that 
perhaps the hepatie status was a 
reflection of a more generalized status 
of maldevelopment or suppressed de- 
velopment.* 


Autoimmune Hypothesis 


More recently, in published" and 
unpublished studies (Teplitz), an au- 
toimmune hypothesis has been of- 
fered. The hypothesis is based on the 
faet that in several mammalian spe- 
cies (rat and mouse), there is an anti- 
gen common to both thymocytes and 
nervous tissues (the thy 1.1 antigen). 
If there were an autoantibody pres- 
ent, specific for the thy 1.1 antigen 
analog in man (assuming that it was 
present), it could explain many of the 
pathological findings and symptoms. 
Thymic and neuronal degeneration 
would follow from the presence of 
cytoxic antibody—the former leading 
to immunodeficiencies and the latter 
to ataxia. 


COMMENT 


All of these hypotheses are open to 
experimental verification. If mesen- 
chymal tissue of AT lacks inductive 
capacity, this should be demonstrable 
by showing that tissue normally 
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induced by mesoderm fails to undergo 
normal development in the presence 
of AT mesoderm. So far as may be 
ascertained from the published litera- 
ture, these experiments have not been 
done. 

Likewise, the proposition that de- 
layed development is present in AT 
may be examined by noting the 
presence of other fetal proteins (he- 
moglobin, RBC  glyceraldehyde-3- 
phosphate," —_acetylcholinesterase,” 
galactokinase,? and others) that 
would normally characterize the fetal 
state. Some of these proteins are pres- 
ent, presumably only during fetal life, 
while others show quantitative differ- 
ences between fetal and postgesta- 
tional stages. There has been no veri- 
fication of such findings. In addition, 
the elevated a-fetoprotein level in AT 
(the basis for the hypothesis) may be 
associated with the chronic hepatitis 
that seems to plague AT patients. 

Finally, the autoimmune hypothesis 
may be verified by the demonstration 
of serum antibodies directed against 
thymocytes and nerve cells. While 
circulating antibodies are not equiva- 
lent to an autoimmune disease as 
noted by Hughes" and by Smith et al 
(unpublished data, 1978), their pres- 
ence is certainly presumptive evi- 
dence of it. Further demonstrations, 
such as the presence of immune 
complex in tissue by appropriate 
labeling or by elution studies, would 
be helpful. The presence of circulating 
cytoxic antibodies has been demon- 
strated.'^ Thus, at this point, there is 
experimental evidence for only one 
concept, the autoimmune process. 

It is appropriate to question the 
relationship between each of these 
hypotheses and the less prominent, 
but significant features of the dis- 
ease. These include, but are not 
limited to, chromosomal abnormalities 
and malignancy. Since all the hypoth- 
eses are genetically based, the vari- 
ance in the disorders between individ- 
uals may be due to variance in expres- 
sivity or penetrance. This could be 
especially pertinent where pleotro- 
pism is involved. It is perhaps easiest 
to understand if the autoimmune 
hypothesis is considered, since the 
pathogenesis requires many steps and 
is antigen-dependent. A good example 
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is systemic lupus erythematosus, as 
analyzed in the New Zealand mouse 
system (Smith et al, unpublished 
data). In this system, where the symp- 
toms classically wax and wane and can 
be correlated roughly with antibody 
levels, analysis indicates that the 
process is due to two codominant 
genetic factors". 

Chromosomal aberrations may fol- 
low various assaults on the genome 
and may certainly occur as a conse- 
quence of virus effects’. As immu- 
nodeficiency is a part of the AT 
syndrome, impaired resistance to vi- 
rus infection may be invoked as an 
etiologic factor in chromosome abnor- 
malities. Therefore, the frequent sino- 
pulmonary infections may have an 
explanation coincident with that of 
the chromosomal changes. Some pa- 
tients develop these features and 
others do not. The explanation may 
reside in viral specificity or other 
genetic factors. Likewise, aberration 
of chromosome 14, which occurs in AT, 
also has been associated with Bur- 
kitt’s lymphoma, as previously noted.° 
The latter is a virally determined 
disease. 

The increased frequency of malig- 
nancy in AT," especially of lymphoid 
tumors, may be viewed in several 
ways. If immune surveillance is 
required for prevention of tumors," 
these immunodeficient patients 
should be prime targets for tumor 
development. But there is reasonable 
doubt regarding the validity of this 
proposition.'*?? Therefore, the role of 
chromosomal aberrations in the path- 
ogenesis of leukemia should be consid- 
ered.”! 


CONCLUSIONS 


The three etiological hypotheses of 
AT vary somewhat in the complete- 
ness of explanation of the major signs 
and symptoms. Of these, only the 
autoimmune concept has had any 
experimental verification. The pre- 
sence of cytotoxic antibody to thymus 
and nerve cells is a convincing first 
step. This does not prove that these 
antibodies function as such in vivo: 
more studies will need to be done. 
However, should this be confirmed, it 
opens the way to a therapeutic ratio- 
nale that has been lacking in AT and 


offers the possibility of immunologi- 
cal strategies that could abrogate the 
distressing and progressive nature of 
this unusual disorder. 


References 


1. Tadjoedin MK, Fraser FC: Heredity of atax- 
ia telangiectasia (Louis-Bar syndrome). Am J 
Dis Child 110:64-68, 1965. 

2. Hecht F, Koler RD, Rigas DA, et al: 
Leukemia and lymphocytes in ataxia-telangiec- 
tasia. Lancet 2:1193, 1966. 

3. Teplitz RL: Cytogenetics of ataxia-telan- 
giectasia. Read before the Sixth Conference on 
Mammalian Cytology and Somatic Cell Genetics, 
Asilomar, Calif, November 1967. 

4. Lisker R, Cobo A: Chromosome breakage in 
ataxia-telangiectasia. Lancet 1:618, 1970. 

5. Rary JM, Bender MA, Kelly TE: A 14/14 
marker chromosome lymphocyte clone in ataxia- 
telangiectasia. J Hered 66:33, 1975. 

6. McGaw BK, Hecht F, Harnden D, et al: 
Somatic rearrangement of chromosome 14 in 
human lymphocytes. Proc Natl Acad Sci USA 
72:2071, 1975. 

7. Peterson RDA, Kelly WD, Good RA: Ataxia- 
telangiectasia in association with a defective 
thymus, immunological deficiency disease and 
malignance. Lancet 1:1189-1193, 1964. 

8. Waldman TA, McIntire KR: Serum alpha- 
fetoprotein levels in patients with ataxia-telan- 
giectasia. Lancet 2:1112, 1972. 

9. Vasilelskii SS, Lopukkin YM, Petrov RV: 
Beta-fetoprotein as a thymus dependent factor 
in humans. Sov J Dev Biol 3:1160, 1972. 

10. Kaufman DB, Miller HC: Ataxia telangiec- 
tasia: An autoimmune disease associated with a 
cytoxic antibody to brain and thymus. Clin 
Immunol Immunopathol 7:288, 1977. 

11. Beutler E: Red Cell Metabolism, ed 2. New 
York, Grune & Stratton Inc, 1975, p 123. 

12. Johnson CD, Russell RL: A rapid simple 
radiometric assay for cholinesterase, suitable for 
rapid determinations. Anal Biochem 64:229, 
1975. 

13. Beutler E, Matsumoto FT: A rapid simpli- 
fied assay for galactokinase activity in whole 
blood. J Lab Clin Med 82:818, 1973. 

14. Hughes GRV: Significance of anti-DNA 
antibodies in systemic lupus erythematosus. 
Lancet 2:861, 1971. 

15. Beighlie-Poole D, Teplitz RL: NZB/W F, 
hybrid autoimmune disease: A genetic analysis. 
J Rheumatol, to be published. 

16. Nichols WW: Relationship of viruses, chro- 
mosomes and carcinogenesis. Hereditas 50:53, 
1963. 

17. Peterson RDA, Kelly WD, Good RA: Atax- 
ia-telangiectasia: Its association with a defective 
thymus, immunological-deficiency disease and 
malignancy. Lancet 2:1189, 1964. 

18. Thomas L: Discussion of Medawar, PB: 
Reaction to homologous tissue antigens in rela- 
tion to hypersensitivity in Lawrence HS (ed): 
Cellular and Humoral Aspects of the Hypersensi- 
tivity States, New York, Paul B Hoeber Inc, 
p 530. 

19. Stutman O: Tumor development after 
3-methylchloanthrene in immunologically defi- 
cient athymic-nude mice. Science 183:534, 1974. 

20. Nehlsen S: Prolonged administration of 
antithymocyte serum in mice: I. Observations on 
cellular humoral immunity. Clin Exp Immunol 
9:63, 1971. 

21. Pfeiffer RA, Kim A: Leukemia in patients 
with a “chromosome breakage syndrome.” Inter- 
national Congress Series 233, Amsterdam, Ex- 
cerpta Medica, 1971, p 142. 


Ataxia Telangiectasia—Teplitz 





Original Contributions 


Common Origin of Rods, Cores, 


Miniature Cores, and Focal Loss 


e Twelve patients suffering from con- 
genital neuromuscular disorders showed 
at least two of the following structural 
changes in their muscle biopsy speci- 
mens: rods, cores, miniature cores (M 
lesions), and focal loss of cross-striations 
(F lesions). 

There appeared to be no essential 
differences between M and F lesions 
except for the presence of vesicular 
nuclei in and around the latter. 

A striking finding was the presence of 
adjacent M lesions, F lesions, or both in 
two or several adjoining muscle fibers. 
Serial sections often showed a definite 
relationship of the lesions with blood 
vessels. The finding of rods, cores, and M 
and F lesions, not only in one biopsy 
specimen but also in one muscle fiber, 
raised the intriguing possibility of com- 
mon pathogenic mechanisms producing 
these lesions. 

(Arch Neurol 35:555-566, 1978) 


A present, there are several con- 
genital neuromuscular diseases 
that, on the basis of morphology, are 
considered to be separate entities. 
These include central core disease, 
multicore disease, rod disease, and 
focal loss of cross-striations. However, 
a few cases of congenital neuromuscu- 
lar diseases have been described in 
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which cores and rods were seen in the 
same patient and even sometimes in 
the same muscle fiber.'* This raised 
the question of possible overlap in the 
pathological findings of cores, rods, 
multieores, and focal loss of cross- 
striations. In this study of 12 patients, 
each suffering from a congenital 
neuromuscular disorder, we have 
found a major degree of overlap in the 
form of at least two of the previously 
mentioned morphological abnormali- 
ties in the same biopsy specimen. This 
leads us to propose that the finding of 
these structural changes in the muscle 
fibers is not necessarily the key to 
diagnosis. Furthermore, it raises the 
intriguing possibility of a common 
pathogenic mechanism producing 
these lesions. 


PATIENTS AND METHODS 


Patients 1, 2, and 3 belonged to family A 
(Fig 1), which has been described previous- 
ly.’ However, in all three patients, a second 
biopsy was performed and the results of 
these further investigations are described 
here. The sister (case AIV4) of patient 3 
was also examined. Patients 4, 5, and 6 
belonged to family B (Fig 1). Patients 7 
and 8 belonged to family C (Fig 1), which 
has also been described previously.” Exam- 
inations have also been carried out in the 
parents (cases CIl and CI2). Patient 9 
belonged to family D (Fig 1). His parents 
(cases DI1 and DI2) and his five sisters 
(cases DIII, 2, 4, 5, and 6) have also been 
examined. Patient 10 was an adult man; no 
investigations of the family could be 
carried out in this case. Patient 11 
belonged to family E (Fig 1). His parents 
(cases EIl and EI2) were also examined. 
Patient 12 belonged to family F (Fig 1), in 
which both parents (cases FI1 and FI2) 
were examined. 


The following investigations were car- 
ried out in the 12 patients and in their 14 
relatives: (a) neurological examination; (b) 
laboratory investigations, including the 
estimation of the activities in the serum of 
creatine phosphokinase (CPK) (normal, 
less than 50 IU/liter), SGOT, SGPT, potas- 
sium, sodium, calcium, magnesium, and 
lactic acid, and the urine creatinine-crea- 
tine ratio; (c) electromyography of the 
right deltoid, right biceps, right quadriceps 
femoris, and left gastrocnemius muscles; 
(d) motor nerve conduction velocities of the 
right peroneal, ulnar, and median nerves; 
and (e) light and electron microscopy of a 
muscle biopsy specimen (except for patient 
4, in whom no electron microscopy could be 
performed). 

Light microscopy included transverse 
and longitudinal sections of paraffin slides 
stained with hematoxylin-eosin, Gomori's 
trichrome, and Mallory's aniline blue and 
orange G (ABOG) and phosphotungstic 
acid-hematoxylin (PTAH) transverse and 
longitudinal fresh eryostat sections were 
stained with the modified Gomori tri- 
chrome method for activities of myofibril- 
lar adenosine triphosphatase (ATPase), 
phosphorylase, various mitochondrial and 
sarcoplasmic reticulum oxidative enzymes, 
and acid phosphatase, as well as for the 
presence of glycogen (PAS) and fat (oil red 
O). In patients 5, 6, 7, 9, 10, and 12, a total of 
50 longitudinal serial paraffin sections 
were stained with PTAH. 

Cores (C Lesions).— These were diagnosed 
when they fulfilled the following criteria: 
(1) length of at least 150 y, usually consid- 
erably longer and often apparently occupy- 
ing the whole length of the muscle fiber, 
with a diameter of 10 to 30 u; (2) purple- 
blue coloration in paraffin sections stained 
with Mallory's ABOG; (3) presence of eross- 
striations in large parts of the core, with 
sarcomeres usually shorter than in the 
noncore regions; (4) noteworthy decrease 
or near absence of oxidative enzyme and 
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phosphorylase activities, sometimes with 
an increase at the margin of the core; (5) 
normal or slightly diminished myofibrillar 
ATPase activity; (6) decrease or absence of 
mitochondria, sarcoplasmic reticulum, and 
glycogen particles as seen by electron 
microscopy, sometimes with an increase at 
the margin of the core. 

Additional findings in most core regions 
were small areas displaying loss of cross- 
striations (light microscopy) and zigzag- 
ging and smearing of Z disks (electron 
microscopy, Fig 2). 

Focal Loss of Cross-Striations (F Le- 
sions).—This structural change of the mus- 
cle fibers was diagnosed when the lesion 
fulfilled the following criteria: (1) focal 
area of the muscle fiber (usually about 35 
to 75 u in diameter) in which no cross- 
striations could be seen by light microscopy 
and in which preservation of longitudinally 
arranged myofibrillar material may be 
present; (2) presence of vesicular nuclei 
with prominent nucleoli in and around the 
abnormal area; (3) absence of oxidative 
enzyme and phosphorylase activities with- 
in the area, usually with an increase at the 
margin of the lesion; (4) normal or dimin- 
ished activity of myofibrillar ATPase in 
the area; (5) disintegration of the sarco- 
meres, with streaming of the Z disks, dimi- 


nution or loss of mitochondria and glyco- 
gen particles within the lesion, but usually 
an accumulation at the margin of the 
lesion; (6) very abrupt transition between 
the normal and abnormal part of the 
muscle fiber, as seen both by light and 
eleetron microscopy (Fig 3). 

Often there was a zigzag appearance of 
the Z disks in the demarcation zone or 
within the lesion. 

Miniature Cores (M Lesions).—The indi- 
vidual lesions in the muscle fibers, consid- 
ered typical of multicore and minicore 
diseases are actually like miniature cores 
(or miniature centers of target fibers). 

This structural change of the muscle 
fiber was diagnosed when there was a focal 
area, usually less than 30 » in diameter, 
that either (1) remained unstained by reac- 
tions for oxidative enzyme activities or 
showed substantial diminution or loss of 
mitochondria at the ultrastructural level, 
or (2) had the same characteristics as those 
described for F lesions but did not have 
vesicular nuclei in or adjacent to it when 
examined in serial sections. 

Rods.—These were diagnosed when col- 
lections of rod-shaped particles stained red 
with the modified Gomori trichrome meth- 
od and showed at least four of the five 
criteria described by Engel* when exam- 
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ined by electron microscopy (ie, origin 
from the Z disks, continuity with thin 
filaments, periodic lines perpendicular to 
the long axis of the rods, periodic lines 
parallel to their long axis, and a lattice 
structure on transverse section). 


CLINICAL INVESTIGATIONS 


PATIENT 1 (Case AII2).-A 73-year-old 
woman had had no hypotonia or muscular 
weakness in early infancy. The motor 
milestones were said to have been normal. 
As long as she could remember, the muscles 
of the legs became stiff when she ran or 
climbed stairs. In addition, she could not 
rise from a recumbent position without the 
help of her hands. There was no progres- 
sion of the symptoms. When she was aged 
69 years, a tremor of the right hand devel- 
oped. She also began to suffer from 
progressive pain in the left hip joint due to 
coxarthrosis. 

Examination disclosed slight weakness 
of the muscles of the shoulders and pelvic 
girdles and the proximal muscles of the 
extremities. Strenuous exercise could read- 
ily produce stiffness in the muscle 
concerned. The muscle stretch reflexes 
were normal. In addition, she showed very 
mild signs of paralysis agitans. 

The serum CPK activity was normal. 


lI 


e 1 


/ 


Fig 1.—Pedigree of families A through F. Dark circle or square indicates subject with signs of neuromuscular disease; half-darkened 
circle or square, clinically healthy subject with some rods in biopsy-specimen; dot, biopsy performed; arrow, proband. 
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Fig 2.—Electron micrograph of core in muscle fiber (case AlV4). 
At periphery of fiber, fairly regular Z- disks and mitochondria (M) 
are present. Adjacent to these normal parts of fiber, Z disks are 
more irregular and have zigzag appearance (arrows). Center of 
core shows streaming of Z disks. No mitochondria are seen in 


core region ( x 52,000). 








Fig 3.—In left part of electron micrograph, there is loss of 
cross-striations, streaming of Z disks, and absence of mitochon- 
dria (case CII1). Note very abrupt transition between normal and 
abnormal part of muscle fiber. M indicates mitochondria 


(X 16,500). 
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Electromyography showed a brief, small, 
abundant  motor-unit action potential 
(BSAP) pattern. Motor nerve conduction 
velocities were normal. 

At the age of 73 years, she had an 
operation for coxarthrosis on the left side. 
During this operation, a biopsy specimen 
was taken from the left gluteus muscle. 
Light microscopy showed nearly complete 
type I predominance and type I fiber 
smallness; the few type II fibers were 
hypertrophic. In about 45% of the type I 
fibers, one to three C lesions were present; 
these had a peripheral or more central 
position. A few of them were surrounded 
by a small zone of increased oxidative 
enzyme activity, while some C lesions 
displayed a small area of increased oxida- 
tive enzyme activity in the center. Many 
fibers had a high acid-phosphatase activity 
in part of the core regions. 

Three fibers showed M lesions, while 
about 1% of the core fibers showed large 
subsarcolemmal collections of rod. Reex- 
amination of a biopsy specimen taken 
when the patient was 63 years of age" did 
not show F and M lesions or rods in addi- 
tion to cores. 

PATIENT 2 (Case AIII3).CA 47-year-old 
woman had had normal motor development 
but since early infancy her muscles had 
become stiff during moderate exercise. 
There was no progression of the symp- 
toms. 

Neurological examination indicated mild 
weakness of the muscles of the pelvic 
girdle and the proximal muscles of the legs. 
When the patient was asked to walk on 


_ tiptoe for a few meters, the calf muscles 


became stiff and felt very firm on palpa- 
tion. This disappeared within one to two 
minutes after rest. Similar results were 
obtained by exercise of these muscles. The 
muscle stretch reflexes were normal. 

Light microscopy of a biopsy specimen of 
the right quadriceps femoris muscle 
showed type I fiber predominance (85% 
type I fibers) and noteworthy type I fiber 
smallness. In nearly 100% of the type I 
fibers, one to four central or peripheral 
C lesions were present. Large collections of 
small rods were seen by electron micros- 
copy in the core regions of some fibers. The 
terminal innervation ratio was normal 
(1.08).*° 

Reexamination of a biopsy specimen 
taken when the patient was 37 years of 
age" did not show rods or F and M lesions in 
addition to cores. 

PATIENT 3 (Case AIV3).—A 28-year-old 
woman with normal motor milestones had 
had muscle stiffness after exercise and 
weakness of the muscles of the pelvic 
girdle and the proximal muscles of the legs 
since early childhood. She could not rise 


558 Arch Neurol—Vol 35, Sept 1978 


from a recumbent position or a deep chair 
without support. No progression of these 
symptoms was observed. 

Examination showed a mild weakness of 
the muscles of the shoulder and pelvic 
girdles and the proximal muscles of the 
legs. Muscle cramps could be readily 
elicited by exercise of the muscles 
concerned. The muscle stretch reflexes 
were normal, as was serum CPK activity. 
Serum lactate level was normal during rest 
and showed a normal rise after ischemic 
exercise of the forearm muscles. Electro- 
myography showed a BSAP pattern and no 
spontaneous activity. Motor nerve conduc- 
tion velocities were normal. 

At the age of 28 years, the patient had an 
operation for an inguinal hernia on the 
right side, at which time a biopsy specimen 
was taken from the right rectus abdominis 
muscle. Light microscopy disclosed type I 
fiber predominance (95% type I fibers) and 
groups of small, often angulated type I 
fibers. These small fibers did not have an 
increased activity of oxidative enzymes. 

In nearly 100% of the type I fibers, one to 
four C lesions were present either centrally 
or peripherally. Many of the C lesions 
showed a small area of increased oxidative 
enzyme activity in the center. In addition, 
parts of some of the C lesions had a high 
acid-phosphatase activity. Large collec- 
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tions of rods were present in the subsarco- 
lemmal or central regions of the type I 
fibers, varying from 0% to 10% in the 
different fasciculi. 

Reexamination of the first biopsy speci- 
men taken when the patient was 18 years 
of age" did not show rods or F or M lesions 
in addition to cores. 

Case AIV4—A 23-year-old woman with 
normal motor milestones had had muscle 
stiffness after exercise and a slowly 
progressive weakness of the muscles of the 
shoulder and pelvic girdles since early 
childhood. Since the age of 12 years, she 
had had thoracic scoliosis and pedes vari. 

Examination showed weakness of the 
facial muscles, flexors of the head, muscles 
of the shoulder and pelvic girdles, and 
proximal muscles of the arms and legs. The 
ankle reflexes were absent, the other 
muscle stretch reflexes were decreased. 
Serum CPK activity was normal. 

Electromyography of the left gastroc- 
nemius muscle was performed after exer- 
cise. During noticeable stiffness of the 
muscle, there appeared to be electrical 
silence. Motor nerve conduction velocities 
were normal. A muscle biopsy specimen of 
the left quadriceps femoris muscle showed 
type I fiber predominance (90% type I 
fibers) and type I fiber smallness. In near- 
ly 100% of the type I fibers and in a few 
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Fig 4.—Lower muscle fiber shows eun F lesion with loss of cross-striations and 
preservation of longitudinally arranged myofibrillar material (case BII1). Vesicular nuclei 
with prominent nucleoli are seen in and around lesion. Upper fiber shows M lesions 


(phosphotungstic acid-hematoxylin, x 300). 
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Fig 5.—F and M lesions are present in several muscle fibers (case BII1). Note increase of 
oxidative enzyme activity at the margin of large F lesions (reduced nicotinamide-adenine 
dinucleotide-tetrazolium reductase, x 300). 


type II fibers, one to three C lesions were 
present (Fig 2). Some of the C lesions 
showed a small area of increased oxidative 
enzyme activity in the center; most showed 
focal areas of high acid-phosphatase activi- 
ty. No rods or M or F lesions were found. 

PaAriENT 4 (Case BII).-A 66-year-old 
woman complained about difficulties get- 
ting out of a deep chair and walking since 
the birth of her first child (case BII1) when 
she was 41 years of age. There was a 
gradual progression of the weakness 
during the next 25 years. 

Examination showed substantial weak- 
ness and atrophy of the muscles of the 
shoulder and pelvic girdles and the proxi- 
mal muscles of the extremities. The muscle 
stretch reflexes of the arms were normal, 
knee jerks were decreased, and ankle jerks 
were absent. Serum CPK activity was 
normal. Electromyography showed a BSAP 
pattern. Motor nerve conduction velocities 
were also normal. Light microscopy of a 
biopsy specimen of the right deltoid muscle 
disclosed nearly complete type I fiber 
predominance, while 35% of the muscle 
fibers showed internal nuclei. Approxi- 
mately 90% of the type I fibers contained 
large collections of rods, with a subsarco- 
lemmal or central position. A few fibers 
showed F lesions; these ranged from 50 to 
70 u in length. Some of the lesions had a 
high acid-phosphatase activity. 

PATIENT 5 (Case BII1).-A 25-year-old 
man complained about slowly progressive 
muscular weakness in his arms and legs 
that had started in early childhood. At the 
age of 14 years he was not able to run, and 
at the age of 20 years he could not walk up 
a staircase without the support of his 
hands. 

Examination indicated a weakness of 
the flexors of the head and muscles of the 
shoulder and pelvic girdles. There was a 
slight weakness of the proximal muscles of 
the arms and legs and the anterior 
compartment muscles of the lower legs. 
The muscle stretch reflexes were normal, 
as was serum CPK activity. Electromyo- 
graphy on two occasions showed motor unit 
potentials of long duration and of high 
voltage (up to 2,000 nV). A single oscillation 
pattern was observed in the right peroneus 
longus muscle. Motor conduction velocities 
were within normal limits. 

Light microscopy of a biopsy specimen of 
the left quadriceps femoris muscle showed 
type I fiber predominance (90% type I 
fibers) and small groups of small angular 
type I fibers, without increased activity for 
oxidative enzymes and nonspecifie ester- 
ases. Approximately 80% of the type I 
fibers showed F and M lesions (Fig 4). In 
about 5% of the type I fibers, rods were 
observed, sometimes most abundantly in 
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the F lesions themselves. The long axis of 
the M lesions was usually perpendicular to 
the long axis of the muscle fibers. Serial 
sections showed that the diameter of the 
M lesions ranged from approximately 5 to 
30 u, the diameter of the F lesions from 30 
to 70 u. Occasionally, however, large parts 
of the muscle fiber were involved, and in 
one fiber the F lesion could be observed 
over a length of approximately 4,000 u. 

It was frequently observed that two or 
more F and M lesions were adjacent in 
adjoining muscle fibers. In the serial 
sections it was seen that the lesions were 
very often, though not always, immediate- 
ly adjacent to small blood vessels. Some- 
times, the F lesions were surrounded by a 
small zone of high oxidative enzyme activ- 
ity (Fig 5), while other lesions could show a 
high acid-phosphatase activity in the 
region of the focal loss of cross-striations. 

PATIENT 6 (Case BIII1).—A 7-year-old girl 
had had normal motor development until 
the age of 4 years. She then became unable 
to run and had difficulties walking on 
tiptoe or rising from a recumbent position. 
There was a slight progression of these 
symptoms. 

Examination disclosed normal move- 
ments of the eyes and a mild paresis of the 
facial musculature, flexors of the head, and 
muscles of the pelvic girdle and proximal 
lower limbs. She has a high-arched palate. 
The muscle stretch reflexes were normal, 
as was serum CPK activity. Electromyo- 
graphy disclosed no abnormalities, and the 
motor conduction velocities were also 
normal. 

A biopsy specimen of the left quadriceps 
femoris muscle showed nearly complete 
type I fiber predominance. About 80% of 
the type I fibers showed F and M lesions. 
The diameter of the M lesions ranged from 
approximately 5 to 32 u, the diameter of 
the F lesions from approximately 30 to 
70 u. In approximately 1% of the fibers, 
rods were present; sometimes these were 
more frequent in the F lesions than in the 
normal parts of the muscle fiber (Fig 6). It 
was common to see adjacent lesions in two 
or more adjoining muscle fibers (Fig 7). In 
serial sections, the F and M lesions were 
often immediately located near small blood 
vessels. Some F lesions had a high acid- 
phosphatase activity, while some were 
surrounded by a small zone of high oxida- 
tive enzyme activity. 

Case BIID.— A 4-year-old girl had slowly 
progressive difficulties with walking, run- 
ning, rising from a chair, or climbing 
stairs. No investigations could be per- 
formed in this case. 

PATIENT 7 (Case CII1).—An 8-year-old boy 
was floppy as an infant. He had delayed 
motor milestones. He could not run, had 
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weakness of his arms, and was unable to 
rise from a supine position without support 
of his hands. There was a gradual progres- 
sion of these symptoms. 

Examination showed substantial reduc- 
tion of the extraocular movements; there 
was no diplopia or ptosis. Facial expression 
was poor, there was slight weakness of the 
masseter muscles, and his speech was 
slightly nasal and slurred. There was a 
generalized muscle weakness, most pro- 
nounced in the proximal muscles of the 
extremities and the anterior compartment 
muscles of the lower legs. The muscle 
stretch reflexes were absent, serum CPK 
activity was normal, and electromyogra- 
phy showed a BSAP pattern. Motor 
conduction velocities, determined when the 
patient was aged 6 and 8 years, were 
normal. Two biopsy specimens of the left 
quadriceps femoris muscle showed nearly 
complete type I fiber predominance and 
smallness of both fiber types. Almost every 
muscle fiber showed F and M lesions (Fig 
3). The diameter of the M lesions ranged 
from approximately 4 to 25 u, the diameter 
of the F lesions from 20 to 60 u. Adjacent 
lesions in two or three adjoining muscle 
fibers and formation of lesions around 
blood vessels were present. Many F lesions 
showed a high acid-phosphatase activity or 
were surrounded by a small zone of 
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increased oxidative enzyme activity. The 
terminal innervation ratio was normal 
(1.07).° The secondary synaptic clefts of 
three myoneural junctions were scanty and 
abnormally short.’ 

PATIENT 8 (CASE CII2).—A 3-year-old girl 
was floppy when born. Motor development 
was retarded. She could not run, and there 
was an increasing weakness of the limb- 
girdle muscles. 

Examination disclosed a reduction of the 
movements of the extraocular muscles (this 
was not observed when she was 22 months 
old’) without diplopia or ptosis. There was 
bilateral weakness of the facial muscles 
and severe paresis of the muscles of the 
shoulder, pelvic girdles, and proximal 
muscles of the limbs. She had a high-arched 
palate. The muscle stretch reflexes were 
absent. 

Serum CPK activity was normal, as were 
the results of electromyography. Motor 
nerve conduction velocities were also 
normal. A biopsy specimen of the left 
quadriceps femoris muscle showed type I 
fiber predominance (85% type I fibers). 
About 90% of the muscle fibers had F and 
M lesions. The diameter of the M lesions 
ranged from approximately 5 to 40 u, the 
diameter of the F lesions from 20 to 
65 u. Adjacent lesions in two, rarely in 
three, adjoining muscle fibers were occa- 





Fig 6.—Sharply defined lesion with loss of cross-striations and absence of mitochondria. 


Within abnormal area there is an abundance of rods, but some rods can also be seen in 
normal part of the muscle fiber (case BIII1). At margins of the lesion, there are 
accumulations of mitochondria (M). Note similar and adjacent lesion present in adjoining 


muscle fiber (arrow) ( x 2850). 
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sionally seen. 

Cases CII and CI2.—A 31-year-old wom- 
an and a 40-year-old man had normal 
results from all the examinations men- 
tioned previously. 

PATIENT 9 (Case DII3).—A 12-year-old boy 
had probably not been hypotonic at birth, 
but had shown delayed motor development. 
He never could run and had a waddling 
gait. He reported weakness of the muscles 
of the limb girdles and extremities. He was 
very poor at gymnastics and was not able 
to rise from a recumbent position without 


support of the hands. There was a mild, 
gradual progression of the symptoms. 
Examination at age 7 years indicated 
bilateral facial weakness and normal move- 
ments of the eyes. There was generalized 
muscular weakness and thinness; the prox- 
imal muscles were more involved than the 
distal muscles, and the muscles of the legs 
were more involved than the arms. The 
muscle stretch reflexes were present. 
Serum CPK activity was normal, as were 
motor nerve conduction velocities. Electro- 
myography showed a BSAP pattern. 
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Fig 7.—Adjacent lesions (case BIII1) are seen in eight adjoining muscle fibers (phospho- 


tungstic-acid-hematoxylin, x 250). 
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Reexamination when the boy was 12 
years of age disclosed substantial increase 
of the muscular weakness, while the muscle 
stretch reflexes were absent. The CPK 
activity was normal. Electromyography 
again showed a BSAP pattern. The motor 
nerve conduction velocities of the right 
ulnar nerve (38 m/s) and median nerve (44 
m/s) were decreased; the conduction veloc- 
ity of the right peroneal nerve was normal. 
A biopsy specimen of the left gluteus maxi- 
mus muscle had been taken at another 
institution when the patient was 4 years 
old; the examination of paraffin sections 
did not show structural changes. 

Light microscopy of a biopsy specimen 
taken from the left quadriceps femoris 
muscle (vastus lateralis) when the boy was 
7 years old showed almost complete type I 
fiber predominance. About 10% of the 
muscle fibers showed F and M lesions. The 
diameter of the M lesions ranged from 
approximately 5 to 30 p, the diameter of 
the F lesions from 20 to 120 u. At age 12 
years, another biopsy specimen was taken 
from the left quadriceps femoris muscle 
(vastus medialis); it again showed nearly 
complete type I fibers predominance. 
Approximately 30% of the muscle fibers 
showed F and M lesions, while less than 19 
of the fibers had mainly subsarcolemmal 
collections of rods. The diameters of the M 
lesions were similar to the diameters of the 
lesions in the previous biopsy specimen, 
but the largest diameter of the F lesions 
was now approximately 70 y. Adjacent 
lesions in two or more adjoining muscle 
fibers were frequently present, while serial 
sections often showed the lesions at the 
borders of small blood vessels. 

Case DI1.—A 44-year-old woman had all 
the tests; these gave normal results. Light 
microscopy of a biopsy specimen of the left 
deltoid muscle showed a normal mosaic 
pattern of the fiber types. In about 1% of 
the muscle fibers, rods were present. 

Case DI2.—A 49-year-old man had all the 
tests; these gave normal results. Light 
microscopy of a biopsy specimen of the left 
deltoid muscle showed type I fiber predom- 
inance (95% type I fibers) and rods in about 
1% of the muscle fibers. 

Case DIIS.— A 9-year-old girl had normal 
results to all tests. Light microscopy of a 
biopsy specimen of the left deltoid muscle 
showed a normal mosaic pattern of the 
fiber types and mainly centrally located 
rods in 10% of the muscle fibers. 

Cases DII, DII2, DII4, and DII6 showed 
normal results of all examinations. 

PATIENT 10.— A 28-year-old man was said 
to have had normal motor milestones until 
the age of two years; he then started to 
walk on tiptoe and showed a waddling gait. 
After that, a progressive muscular weak- 
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Fig 8.—Top left and right and bottom, In these serial sections 
(patient 10), small lesions bordering on capillaries are seen. This 
may partially explain finding of adjacent lesions in adjoining 
muscle fibers and frequent perpendicular position of M lesions 
(phosphotungstic acid-hematoxylin, x 250). 
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ness developed. Examination disclosed a 
slight bilateral ptosis, weakness of the 
facial muscles, and severe paresis and atro- 
phy of the muscles of the shoulder, pelvic 
girdles, proximal muscles of the arms, and 
anterior compartment muscles of the lower 
legs. He had flexion contractures of the 
elbows and the hip joints. The muscle 
stretch reflexes were absent. Serum CPK 
activity was elevated (145 IU/liter). Elec- 
tromyography showed motor unit poten- 
tials of long duration and high voltage (up 
to 5,000 uL V), with a substantial reduction in 


the interference pattern and the presence 
of a single oscillation pattern in most 
muscles tested, indicative of denervation 
with collateral reinnervation. The motor 
nerve conduction velocities were normal. 
Light microscopy of a biopsy specimen of 
the left quadriceps muscle showed internal 
nuclei in 15% of the fibers and a normal 
mosaic pattern of the type I and II fibers. 
Small groups of small angulated fibers 
with small pyknotic nuclei, high oxidative 
enzyme activity, and nonspecific esterase 
activity (like those seen in denervation) 





Fig 9.—Every core has subsarcolemmal position (case EII2). Note increased oxidative 
enzyme activity at margins of many of cores (NADH-tetrazolium reductase, x 200). 
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Fig 10.—Long axis of most M lesions is perpendicular to long axis of muscle fibers 
(phosphotungstic acid-hematoxylin, x 250). (case FII1). 
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were scattered in the tissue. In about 50% 
of both fiber types, F and M lesions were 
seen. The diameter of the M lesions varied 
from approximately 10 to 35 u, the diame- 
ter of the F lesions from 25 to 70 y. Many 
adjacent lesions in two to six adjoining 
muscle fibers were seen. In serial sections, 
small lesions were bordering capillaries 
and small blood vessels (Fig 8). 

PATIENT 11 (Case EII2).—A 12-year-old 
boy with delayed motor milestones, could 
never run and had difficulties standing up 
from a recumbent position. There was no 
progession of the symptoms. 

Examination indicated thinness of the 
muscle bulk and weakness of the muscles of 
the shoulder and pelvic girdles, proximal 
limb muscles, and anterior compartment 
muscles of the lower legs. There were pedes 
vari. 

Serum CPK activity was normal, as were 
the motor nerve conduction velocities. The 
electromyogram showed a BSAP pattern. 
A muscle biopsy specimen of the left 
quadriceps muscle showed type I fiber 
predominance (95% type I fibers) and 
internal nuclei in 24% of the fibers. In 
about 30% of the type I fibers, one to five 
C lesions (invariably with a subsarcolem- 
mal position, Fig 9) were present. These C 
lesions involved only parts of the length of 
the muscle fiber and were frequently 
bordered by a small zone of increased 
oxidative enzyme activity. In about 1% of 
the type I fibers, rods were seen, at least 
some of which were in core fibers. 

Cases EI1 and EI2.— A 32-year-old house- 
wife and 34-year-old man showed normal 
results to all tests. 

PATIENT 12 (Case FII1).-A 19-year-old 
girl whose mother had experienced very 
weak fetal movement during pregnancy 
was, at birth, a floppy baby. Motor mile- 
stones were delayed. She had never run 
and had diffieulties climbing stairs or 
rising from a recumbent position. There 
was no progression of the symptoms. 
Examination indicated generalized weak- 
ness and thinness of the muscles. There 
was mild bilateral facial weakness. Extra- 
ocular movements were intact. She had a 
high-arched palate. The biceps tendon 
reflexes were absent; the other muscle 
stretch reflexes were decreased. Serum 
CPK activity and motor nerve conduction 
velocities were normal. Electromyography 
did not disclose any abnormalities. 

A biopsy specimen of the left quadriceps 
femoris muscle showed almost complete 
type I fiber predominance. In about 25% of 
the type I fibers, F and M lesions were 
seen, while approximately 1% showed 
C lesions, mainly eccentric in position. The 
long axis of the M lesions was often 
perpendicular to the long axis of the muscle 
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fiber (Fig 10). Serial sections showed that 
the diameter of the M lesions ranged from 
approximately 5 to 30 u, the diameter of 
the F lesions from 20 to 70 u. The F and M 
lesions were very often seen adjacent to 
each other in two or three adjoining muscle 
fibers, and were often situated near small 
blood vessels. The F and C lesions were 
sometimes surrounded by a small zone of 
high oxidative enzyme activity. Some F 
lesions had a high acid-phosphatase activi- 
ty. 
Cases FI1 and F12.—A 48-year-old woman 
and a 52-year-old man had all examina- 
tions; results were normal. 


COMMENT 


Many patients suffering from a 
congenital neuromuscular disease that 
is not clearly a form of spinal muscu- 
lar atrophy show similar symptoms 
and signs; therefore, a diagnosis 
usually cannot be made by clinical 
examination. As a rule, there is gener- 
alized hypotonia and muscular weak- 
ness at birth. Many of the patients 
display congenital skeletal deformi- 
ties such as a high-arched palate, hip 
dislocation, or pes cavus, which may be 
the result of muscle weakness during 
early development. The motor (but not 
mental) milestones are delayed, and 
the muscles often remain of small 
bulk. 

The muscular weakness is more 
severe in, and often confined to, the 
proximal muscles; in some instances, 
involvement of the extraocular, facial, 
and pharyngeal muscles may be pres- 
ent. The muscle stretch reflexes may 
be decreased or absent. Serum crea- 
tine phosphokinase activity is within 
normal limits, or only slightly ele- 
vated. Electromyography may show a 
BSAP pattern? Motor and sensory 
nerve conduction velocities are nor- 
mal. The diseases are either not 
progressive or only very slowly pro- 
gressive. 

In contrast to these nondiagnostic 
findings, light or electron microscopy 
of a muscle biopsy specimen may show 
morphologieal abnormalities. The 
findings of these structural changes 
of the muscle fibers such as C lesions, 
multicores, F lesions, or rods were 
thought (when in abundance and the 
major abnormality in the specimen), 
to be more or less specific, or at least 
diagnostie, and have led to a number 


564 Arch Neurol—Vol 35, Sept 1978 


of different names and diagnoses. For 
instance, the name “central core 
disease" was given'' to an apparently 
autosomal, dominantly inherited, non- 
progressive neuromuscular disorder 
deseribed by Shy and Magee," in 
which collections of abnormal myofi- 
brils were seen in the center of the 
muscle fibers. Since then, this name 
has been generally accepted. 

However, not every report on this 
disease concerned cases with autoso- 
mal dominant inheritance. Some ap- 
parently sporadie cases were also 
described.'* Therefore, the possibility 
of at least two different diseases, or 
types of diseases, with identical clini- 
cal and pathological features could not 
be ruled out. An entirely different 
clinical picture—no hypotonia at birth, 
muscle cramps after exercise—was 
present in some patients who suffered 
from an autosomal, dominantly inher- 
ited disease and who had C lesions 
identical to those seen in central core 
disease. Those findings led to the 
suggestion that there existed not only 
central core diseases but also diseases 
with central cores. 

Another example of a congenital 
neuromuscular disease named after a 
peculiar morphological abnormality of 
the muscle fiber is nemaline myopa- 
thy. This disease was later called "con- 
genital rod disease" to avoid commit- 
ment to a yet unproved pathogenesis. 
It was found that there seemed to 
exist two different genetic types of 
this congenital condition: an autoso- 
mal dominant and an autosomal reces- 
sive type, both with identical clinical 
and pathological features." Also, a 
different clinical picture was de- 
scribed: late-onset rod myopathy,*'? 
later called "late-onset rod disease," in 
which the disorder was acquired and 
progressive instead of congenital and 
nonprogressive. 

In absolute terms, the nonspecifici- 
ty of the presence of some rods in 
muscle fibers was indicated by the 
presence of these structures in many 
unrelated neuromuscular disorders, 
nonneuromuseular diseases, and even 
in the muscles of normal persons (eg, 
in the extraocular muscles" or at the 
myotendinous junction"). In 1965, 
Afifi et al’ described a woman suffer- 
ing from a congenital nonprogressive 


neuromuscular disease with both rods 
and central C lesions seen in the 
muscle biopsy specimen. Her daughter 
appeared to have the same neuromus- 
eular disorder and had only C lesions 
in her muscle biopsy specimen. The 
authors subtitled their paper "central 
core disease and nemaline myopathy 
in one family," thereby confusing the 
presence of two different histopatho- 
logical features with the presence of 
two different diseases. 

Since then, the combination of 
C lesions and rods in one muscle biop- 
Sy specimen or one muscle fiber was 
reported by other authors in central 
core disease.*? A few C lesions in the 
diaphragm were seen at an autopsy 
study of a patient suffering from rod 
disease.” 

Light or electron microscopic stud- 
ies disclosed rods in four of our five 
patients who had C lesions (Table). In 
all cases, the rods were seen in type I 
fibers, which also contained C lesions. 
Sometimes the rods were found in the 
core region, but most often they were 
present in the subsarcolemmal region, 
unrelated to the core region. Rods 
may be located in the central position 
of a muscle fiber; these were first 
described by Engel and Warmolts’ in 
late-onset rod disease. Although we 
have seen this core-like distribution of 
rods in congenital rod disease (Fig 11), 
in our present cases, we did not find 
fibers in which rods were present only 
in the core region. 

Two patients with a congenital, 
nonprogressive neuromuscular disor- 
der associated with multifocal degen- 
eration of the muscle fibers were 
deemed to suffer from "multicore 
disease" (Engel et al") However, 
presumably not to the knowledge of 
these authors, the same name was 
used for a late-onset, progressive 
disease in a patient who showed simi- 
lar multifocal lesions." A few small 
lesions with loss of cross-striations 
and Z disk streaming were found in up 
to 4.3% of the muscle fibers in healthy 
young people." Myriads of similar 
minute foci, up to three sarcomeres in 
length, were described in "minicore 
disease.”””* 

In central core disease, as many as 
five C lesions may be present in one 
muscle fiber. These fibers can be 
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called “multicored.” To avoid confu- 
sion with the small lesions seen in 
“multicore disease,” Lake et al” 
considered the term “minicore” more 
descriptive than multicore. We prefer 
the nondescriptive term "M lesion” 
for these miniature cores, which 
include the multicores and minicores 
as described by others.'*?* The lesions 
described in the two patients with 
congenital multicore disease were 
usually larger than those described in 
the two patients with minicore dis- 
ease, and may even be up to 200 u 
long.'^ Often, the long axis is trans- 
verse to the long axis of the muscle 
fibers. This latter observation has 
been confirmed in all of our eight 
patients with M lesions. 

Focal lesions displaying loss of 
cross-striations were present in a 14- 
year-old girl suffering from a congen- 
ital, slowly progressive neuromuscular 
disease.” She had predominantly 
proximal muscular weakness, slight 
ptosis, and impaired extraocular 
movements. Within and around the 
focal lesions in the muscle fibers, 
internal nuclei were seen. The author 
considered the F lesions of this 
patient identical to that described in a 
patient by Schotland? and to the 
lesions present in congenital multi- 
core disease. ^ The main difference 
between an M lesion and an F lesion 
seemed to be the presence of vesicular 
neclei with prominent nucleoli in and 
around the F lesion. However, there 
appeared to be a gradual transition 


Structural Changes* 
in Muscle Fibers 


Structural Changet 


*C indicates core; F, focal loss of cross- 
striation; M, miniature core; R, rod. 

TTr indicates trace (only a few fibers involved); 
+, 1% to 25% of fibers involved; + +, 25% to 
80% of fibers involved; + + +, 80% to 100% of 
fibers involved. 
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from the M to the F lesion. As a rule, 
vesicular nuclei were seen when the 
largest dimension of the lesion was 
over 30 u, regardless of the age of the 
patient. The largest dimension of 
most F lesions was about 70 u, but 
very occasionally the whole length of 
the muscle fiber was involved. Even 
then, no signs of phagocytosis were 
present. 

It is therefore concluded that there 
is no essential difference between M 
and F lesions. The latter appears to be 
simply a more advanced phase of the 
former. In congenital multicore dis- 
ease, these lesions apparently remain 
in the M lesion phase, while in other 
diseases, the F lesion may dominate 
the histopathological picture. 

The occurrence of M lesions with 
lesions resembling central C lesions 
hae been described before.'’® This 
combination was found by us in two 
cases (patients 1 and 12, Table). The M 
or F lesions with rods in the same 
muscle fiber were found in 4 cases 
(patients 1, 5, 6 and 9, Table). In some 
fibers, the rods were most abundant 


Fig 11.—Congenital rod disease. In upper muscle fiber, there are collections of large rods 
with central core-like position. Lower fiber contains number of very small rods, arranged 
in pattern corresponding to that of the Z-disks (arrow) ( x 1800). 


in the F lesion itself (Fig 6). A 
remarkable observation, favoring the 
common origin of F and M lesions and 
rods, was the finding of rods in the 
muscle biopsy specimens of both clini- 
cally healthy parents and one sister of 
patient 9 (family D, Fig 1); the patient 
had F and M lesions in addition to rods 
in the specimen (Table). Many F and 
M lesions showed a high activity of 
acid-phosphatase. A similar phenome- 
non that can also been seen in target 
fibers was observed in parts of the 
C lesions in five of our patients. 
However, no increase of lysosomes 
was seen with the electron microscope, 
and this finding remains unex- 
plained. 

The F lesions often displayed a high 
oxidative enzyme activity in the tran- 
sitional zone between the normal and 
abnormal part of the muscle fiber (Fig 
5) A similar high activity was 
observed around some of the C lesions, 
especially in patient 11 (Fig 9), who 
had only peripheral C lesions that 
invariably occupied only part of the 
muscle fiber. In patients 1 and 3, an 
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increase of oxidative and phosphory- 
lase enzyme activities was found in 
the center of some of the C lesions. 
This phenomenon has also been 
described as "hot spots.” In longitudi- 
nal sections, the increased enzyme 
activity can be observed along large 
parts of the core regions ("hot 
lines"). 

A very striking finding was the 
presence of adjacent M or F lesions in 
two or more adjoining muscle fibers 
(Fig 7). The pathogenesis of this 
phenomenon remains uncertain. Seri- 
al sections often showed a definite 
relationship of the lesions with blood 
vessels (Fig 8). The lesions were 
bordering small vessels and capillar- 
ies, and this may in part explain the 
frequent perpendicular position of the 
lesions and the finding of adjacent 
lesions in adjoining muscle fibers. 
Although the lesions are probably not 
ischemic in nature, the possibility of 
some toxic substance leaking out of 
the blood vessels must be taken in 
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account. This also may explain the 
progressive course of the disease in 
some of our patients. Another expla- 
nation for the formation of F and 
M lesions may be that the muscle 
fibers are abnormally susceptible to 
mechanical pressure, for instance by 
the blood vessels. 

From our observations, it becomes 
apparent that C, F, and M lesions and 
rods can be found in the same muscle 
fiber. Although we have not encoun- 
tered a biopsy specimen in which all 
these lesions were present, this can 
theoretically be expected. Since the 
primary biochemical defect is not 
known in most of the congenital 
neuromuscular diseases and classifica- 
tion is impossible on clinical or genetic 
grounds, classification and designa- 
tion on the basis of morphological 
abnormalities appear to be the only 
alternative. For this reason, we do not 
want to disregard the importance of 
muscle histopathology, although one 
should be very cautious to classify 
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of morphological changes only. Fur- 
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at least two different genetic types in 
each of these disorders. Although the 
number of published cases is too small 
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formed, we cannot rule out the possi- 
bility that congenital multicore dis- 
ease," minicore disease," and focal 
loss of cross-striations' ^*^ are sepa- 
rate disease entities. The primary 
biochemical lesion is not known in 
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ings have shown that the same meta- 
bolic defects or pathogenic mecha- 
nisms can give rise to several 
different structural alterations of the 
muscle fiber. 
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® Quantitating cerebral “elastance” or 
“ICP reserve” has added considerably to 
the value of continuous monitoring of 
intracranial pressure (ICP). Intracranial 
pressure reserve is a measure of the 
capacity of the brain’s natural compensa- 
tory mechanisms for countering in- 
creases in ICP secondary to increases in 
intracranial volume. 

Intracranial pressure reserve testing 
was Studied in dogs with known volumes 
of extracerebral intracranial mass, both in 
normal and in edematous brains and at 
various ICPs. Ten thousand measure- 
ments were made with five different meth- 
ods of measuring ICP reserve. Testing 
when multiple increments of subdural 
saline infusion were used over a five- 
minute period to quantitate ICP reactivity 
to volumetric stress seemed most reliable 
and most adaptable to clinical applica- 
tion. Methods of measuring cerebral 
“elastance” using only a single subdural 
infusion proved to be variable and difficult 
to read. 

(Arch Neurol 35:567-576, 1978) 


he usefulness of direct intracrani- 

al pressure (ICP) monitoring in 
clinical neurosurgery has increasingly 
gained acceptance over the past 
decade. Despite this it has been chal- 
lenged that the technical require- 
ments and risks of ICP monitoring 
are not sufficiently outweighed by its 
usefulness to permit direct ICP moni- 
toring to be recommended for use by 
all practicing neurosurgeons. In an 
attempt to improve the usefulness of 
ICP monitoring, Miller et al?’ have 
described a technique for measuring 
cerebral “elastance” both experimen- 
tally and clinically. Through the appli- 
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cation of this dynamic technique they 
have sought to quantitate the brain's 
capacity for adapting to increases in 
intracranial volume. 

Our initial studies suggested to us 
that techniques for measuring cere- 
bral elastance similar to that devised 
by Miller et al may be useful, but they 
have serious disadvantages. Measure- 
ments of cerebral elastance, an indica- 
tor of rapid mechanical deformation 
of brain tissue, fail to quantitate 
other, less rapidly acting factors that 
influence the brain's ability to adapt 
to inereases in intracranial volume— 
faetors such as alterations in CSF 
inflow/outflow balance.** In postop- 
erative or head-injured neurosurgical 
patients alterations in ICP that devel- 
op over minutes to hours are generally 
of greatest clinical significance. A test 
that fails to take into account the less 
rapid components of the brain's "re- 
serve" capacity for adapting to added 
intracranial volume is likely to corre- 
late less well with those situations of 
altered ICP encountered clinically. 
Accordingly we have attempted to 
develop a technique of quantitating 
"ICP reserve" that would be useful, 
reliable and sufficiently safe to per- 
mit clinical application. Like Miller 
and his colleagues, we have been 
interested chiefly in attempting to 
quantitate the brain's ability to com- 
pensate for volume changes and have 
not attempted to define precisely the 
possible mechanisms responsible for 
that compensation. 


METHODS 


More than 203 hours of actual recordings, 
representing nearly 10,000 individual ob- 
servations, were analyzed in 19 adult 
mongrel dogs with brain weights of 75 to 
85 g, using pentobarbital sodium anesthe- 
sia. All animals were intubated, but were 
allowed to breathe spontaneously. The ICP 
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was monitored continuously on a polygraph 
using unilateral or bilateral ICP monitor- 
ing cups.: The ICP monitoring cup, like 
the clinically popular "Richmond serew,"'? 
acts as a fluid coupler from the subdural 
space to an external pressure transducer. 
Unlike the Richmond screw, however, the 
ICP monitoring cup is designed for hori- 
zontal insertion beneath a bone edge (Fig 
1). Continuous measurement was made of 
arterial blood pressure, while central 
venous pressure, rectal temperature, and 
the pH, specific gravity, and volume of 
urine were measured at intervals in all 
dogs in order to control these potential 
variables insofar as possible. 

The ICP was raised in 6 dogs by heat- 
induced cortical lesions, in 2 dogs by intra- 
cerebral injection of autologous blood, and 
by fluid injections into subdural “lesion” 
balloons in the remaining 11 dogs. Balloon 
inflations were done both acutely over 6- to 
10-hour periods and chronically and re- 
peatedly over 24- to 36-hour periods, the 
latter being intended to induce brain 
edema in addition to the mass effect of the 
inflated balloon. Each stage of inflation of 
the lesion balloon was maintained for two 
hours, during which an average of six 
determinations were made for each type of 
testing studied in that particular animal. A 
flow chart showing mean values of obser- 
vations made during each two-hour period 
in dog 13 is shown in Fig 2. 

Five basically different methods of 
measuring dynamic ICP responses to 
induced volumetric change were studied: 

1. ICP increase 20 seconds after single 
subdural bolus infusion. 

2. ICP increase following repeated sub- 
dural bolus infusion (“ICP reserve test"). 

3. ICP increase following continuous 
subdural infusion. 

4. Volume added by continuous subdural 
infusion necessary to raise ICP a given 
amount. 

5. Fall in ICP achieved by releasing an 
added volume of fluid applied to the brain 
through a subdural balloon for a given 
period of time. 

Test injections free into the subdural space 
(like those employed clinically by Becker et 
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Fig 1.—Intracranial pressure monitoring cup catheter, 10-ribbon 
segment for implantation; 11, female Luer connector; 12, 60-cm 
silicone elastomer rubber tube; 14, 30-cm silicone elastomer 
rubber ribbon for subdural and subgaleal insertion; 18, monitor- 
ing cup cavity, which is placed against arachnoid surface of 
brain; 19-rounded catheter tip; 20, central lumen within cathe- 


ter. 


Fig 2.—Mean pressures in dog 13. Pressures are induced 
differences from baseline pressure (heavy line), not 
observed pressures. Each point represents mean of six 
observations. Post-20 second (p 20 sec) measurements of 
cerebral elastance were made both following free subdural 
infusion through monitoring cup (CF) or following injection 
into contralateral subdural balloon (contralat balloon). 
Slope values for ICP reserve test were calculated from 
sequence of subdural injections, as discussed in text. 
"After withdrawal” is measurement of induced fall in ICP 
after release of standard balloon volume. The "ICPRT 
balloon volume” is measurement of volume added neces- 
sary to achieve predetermined induced increase in ICP. 


"Balloon volume" refers to lesion balloon volume. 


al," to quantitate the pressure-volume 
response) were made through the ICP 
monitoring cup. Test injections into subdu- 
ral balloons were made into balloons of 5 or 
6 ml volume implanted into the subdural 
space either ipsilateral or contralateral to 
the ICP monitoring cup. Large volume 
balloons were employed to minimize focal 
deformation of brain. Injections into these 
large subdural balloons proved technically 
advantageous since injections into the 
subdural space directly did present a prob- 
lem of cumulative effect if repeated too 
frequently. Tests involving a single injec- 
tion employed a 0.1-ml volume adminis- 
tered over one to two seconds. Constant 
infusions employed a maximum volume of 
0.5 ml over a 60-second interval, with ICP 
measurements being taken both one min- 


ute and five minutes after the end of 


infusion. Tests involving multiple injec- 
tions employed 0.1-ml aliquots adminis- 
tered rapidly at one-minute intervals, not 
exceeding five injections in any one series. 
When the test method involved multiple 
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bolus injections, a special modification was 
introduced to insure safety of the method. 
If induced increases in ICP were found to 
be greater than 10 mm Hg after any given 
injection of the series, additional injections 
were omitted to prevent extreme induced 
inereases in ICP. Instead the maximum 
increase that might have been achieved by 
a full series of injections was extrapolated 
mathematically as a "slope" value, repre- 
senting the value of the induced increase in 
ICP predicted by a linear mathematical 
continuation of the observed slope achieved 
by the initial injections. This linear extra- 
polation thus provides a simple and useful 
estimation of the pressure increase that 
might have been achieved by a full series of 
injections. 

Initial analyses and computations were 
done with the aid of an office computer. 
Definitive computations and statistical 
analyses were done on the PROPHET 
system, a national computer resource spon- 
sored by the Chemical/Biological Informa- 
tion Handling Program, National Insti- 
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tutes of Health. Data from individual dogs 
and combined data from similar experi- 
mental situations in different dogs were 
analyzed for the “best fit” of the following 
curves: linear (first degree polynominal), 
parabolic (second degree polynomial), and 
exponential. Determination of the best fit 
was arrived at by comparisons of multiple 
r-squared, standard deviation of regres- 
sion, t value, F value, and significance level 
of each component of each curve. 


RESULTS 
Dynamic Tests of ICP Response 


Analyses of combined data from 
different dogs showed a consistent 
correlation between increasingly ab- 
normal induced ICP responses and 
increasing balloon inflations using the 
following dynamic tests: single bolus 
injections, multiple bolus injections, 
and continuous infusions. Measure- 
ments based on continuous infusions 
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Fig 3.—Combined data showing correlation of measurements of cerebral elastance (based on test described 
by Miller et al, see text) with lesion balloon volume and baseline ICP values, displayed as best fit computer 
printouts. Top, Correlations with lesion balloon volume and baseline ICP, respectively, for dogs with no brain 
edema. Bottom same correlations for dogs after induction of edema. ‘‘Comb Miller slope” is test of cerebral 
elastance using Miller’s test, combined data, with observed induced change in ICP in millimeters of mercury, 
"Base ICP" is baseline ICP in millimeters of mercury. “Ball vol” is lesion balloon volume in milliliters. Graphs 
are computer printouts displaying best fit line or curve (see text). 


correlated well with lesion balloon 
volumes. Measurements taken 60 sec- 
onds following the end of continuous 
infusions were generally more easily 
readable against the fluctuating ICP 
background than were lower ampli- 
tude readings taken five minutes 
following infusion. This method, 
though, was abandoned as being too 
cumbersome for clinical application. 
Testing based on an analysis of 
volume addition necessary to achieve 
a given increase in ICP was aban- 
doned as being too difficult to adapt 
readily to clinical use. Measurements 
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of ICP reduction following withdraw- 
al of a standard added volume from 
the subdural balloons after a specified 
time interval proved to bear little 
correlation to baseline ICP or balloon 
volume, and so this test was not 
pursued. 

Measurements of cerebral elastance 
were made following a single subdural 
injection in a manner similar to the 
method employed by Miller et al 
with intraventricular injections, and 
by Becker et al with free subdural 
injections. Combined data from meas- 
urements of cerebral elastance in 


different dogs showed little correla- 
tion with lesion balloon volumes or 
with baseline ICP measurements done 
both before and after the induction of 
cerebral edema, even though baseline 
ICPs were higher after the induction 
of brain edema (Fig 3). A similar lack 
of correlation was also borne out by 
analysis of data from individual dogs. 
This was evident with comparisons of 
induced ICP responses both to lesion 
balloon volumes and to baseline ICP 
and was notable both before (Fig 4) 
and after (Fig 5) induction of brain 
edema. 
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Fig 4.—Data from individual dogs with no brain edema showing correlations of measure- 
ments of cerebral elastance with lesion balloon volumes and baseline ICP values. Top, 
Correlations with lesion balloon volume for dogs 15 and 18, respectively. Bottom, 
Correlations with baseline ICP values for dogs 17 and 18, respectively. See legends for 


Fig 3. 


ICP Reserve Test 


The ICP reserve test, using meas- 
urements of calculated slope values 
based on repeated bolus injections 


. (Fig 6), showed good consistency in 


individual animals in reflecting in- 
creasing "lesion" balloon volumes and 
inereasing ICP both before (Fig 7) 
and after (Fig 8) induction of brain 
edema. After induction of brain 
edema the ICP reserve test gave 
clearly exponential slope value re- 
sponses, both to increasing lesion 
balloon volume and to increasing ICP. 
Before the induction of brain edema 
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linear responses gave best fits on 
computer printouts, but linear fits 
were usually not significantly differ- 
ent statistically from low-order ex- 
ponential fits. Measurements of slope 
values showed less variability be- 
tween ipsilateral and contralateral 
balloon injections than did measure- 
ments based. on single bolus injec- 
tions. 

Combined data from different dogs 
showed an exponential rise in slope 
measurements of ICP reserve when 
compared to increasing lesion balloon 
volumes before the induction of brain 
edema (Fig 9). Injections free into the 


subdural space generally induced pro- 
gressively greater ICP rises than did 
injections into lesion balloons, reflect- 
ing some accumulation of fluid in the 
subdural space (Fig 10). After the 
induction of brain edema, correlations 
with lesion balloon volume could be 
validly analyzed statistically only for 
those measurements obtained from 
dogs that tolerated 2-ml maximum 
lesion balloon volumes, since larger 
balloon volumes were tolerated only 
by those dogs that did not develop 
large increases in baseline ICP (Fig 
11) Combined data also showed an 
exponential rise in slope values with 
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Fig 7.—Data from individual dogs with no brain edema showing correlations of measurements of ICP reserve (as 
slope values, see text) with lesion balloon volumes and baseline ICP values, displayed as best fit computer 
printouts. Top, Correlations with lesion balloon volume for dogs 17 and 18, respectively. Bottom, Correlations with 
baseline ICP values for dogs 17 and 18, respectively. The "ICPRT slope” (ICP reserve test “slope” value of cerebral 
reactivity to volumetric stress) is given in millimeters of mercury. See legends for Fig 3. 


increasing lesion balloon volume (Fig 
12). 

Combined data from different dogs 
comparing slope measurements of 
ICP reserve with baseline ICP values 
indicated a steeper rise in slope values 
after the induction of brain edema 
than before, even including those dogs 
whose baseline ICP rose least with 
increasing lesion balloon volumes (Fig 
13). With brain edema superimposed 
on balloon inflation, slope values 
generally exceeded those obtained in 
the absence of brain edema—even 
when similar levels of baseline ICP 
are compared. 

Analysis of data from individual 
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dogs also proved instructive. While 
slope values usually remain low at 
smaller balloon volumes without brain 
edema, slope values often rose sharply 
in situations in which cerebral reserve 
might be expected to be at a minimum 
(Fig 2). This was particularly evident 
immediately following each new infla- 
tion of the lesion balloon (before adap- 
tive reserve mechanisms had had time 
to reach full effectiveness) and follow- 
ing prolonged balloon compression 
(often continuing to rise even after 
initial incremental reductions in le- 
sion balloon volume; see Fig 2). With 
extreme elevations of ICP the ICP 
reserve test becomes unreliable, a 


feature noted also by Leech and Mil- 
ler’ in measurements of cerebral elas- 
tance (Fig 2). 


COMMENT 


The search for dynamic approaches 
to ICP monitoring actually began not 
long after the introduction by Harvey 
Cushing of the Riva-Rocci apparatus 
for measuring blood pressure. In 1923, 
Ayala" introduced his now famous 
but discredited "index" for estimating 
intracranial fluid volume on the basis 
of CSF withdrawals from the lumbar 
sac. Ayala's search for a dynamic 
approach to ICP monitoring was 
discredited in large part by studies 


Intracranial Pressure Reserve—Wilkinson et al 





D14E2 
i 189. n i 
C 160. P 
R P 
T 140. T 
c 
? 128. L 
5 100. P 
E 
E — ego. 
68. * 
* * 
49. te 4 
20. 
e. 
-29. 
-48. 
-.5 e. 5 1..1,9..2.— $3873. 318 4 
BALL UOL 
D14E5 
1 189. , 
p 168. E 
R R 
T 148. T 
S 120. S 
E L 
0 
» 109. 9 
E ee. E 
68. +> 
+ 
48. pi 
+ + 
29. e s 
e. 
-28. 
-48. 
-5. 5 1S: 28. 38-. 48. "6. 78. -5. 5 1S. a 28. . 49. S9. 7e 


BASE ICP 


BASE ICP 


+ . a TU 
Mav anhi MEERE TN E | 


Fig 8.—Data from individual dogs after induction of brain edema showing correlations of measure- 
ments of ICP reserve (as slope values, see text) with lesion balloon volumes and baseline ICP values. 
Top, Correlations with lesion balloon volume for dogs 14 and 17, respectively. Bottom, Correlations 
with baseline ICP values for dogs 14 and 17, respectively. See legend for Fig 7. 


showing that changes in ICP caused 
by changes in intracranial volume are 
highly correlated with baseline ICP 
levels, so that withdrawal of a given 
volume of fluid is likely to induce a 
greater fall in ICP if baseline ICP is 
high than if baseline ICP is low.’ 
Langfitt et al"* showed that ICP 
rises roughly exponentially in re- 
sponse to increasing intracranial bal- 
loon volumes. Lofgren and asso- 
ciates'"'* further defined this rela- 
tionship as a three-component curve, 
with slower rises in ICP at both low 
and high ends of the volume-pressure 
curve. 

Nonetheless, Miller and Garibi? 


Arch Neurol—Vol 35, Sept 1978 


were struck by the variability in the 
ICP alteration induced by standard 
fluid withdrawal or addition at any 
given baseline ICP, both in their data 
and in the data others had presented. 
They noted that at a given ICP the 
addition of a standard volume of fluid 
intracranially might induce either a 
very little or a very great increase in 
ICP, depending on the shape of the 
volume-pressure curve for that partic- 
ular animal. In an effort to define this 
variable, they devised a simple test of 
cerebral elastance, consisting of a 
measurement of the induced ICP 
change within 20 or 30 seconds follow- 
ing a single intraventricular injection 


of 1 ml of fluid. In a series of animal 
studies and human clinieal studies 
they confirmed the usefulness of their 
test. They showed cerebral elastance 
to be altered differentially from ICP 
by removal of intracranial mass,** by 
administration of diuretics and ster- 
oids,"' by reduction of arterial blood 
pressure,** and in the course of resolu- 
tion of intracranial shifts documented 
radiographically.* On the other hand, 
reduction of Pco, lowered JCP equally 
with cerebral elastance, presumably 
by competing with natural compensa- 
tory mechanisms.’ Becker et al'* mod- 
ifed Miller's test by using subdural 
infusions to test the pressure-volume 
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tumors and found the method to be 
quite useful. Crockard et al,” however, 
have challenged the usefulness of 
Miller's test because of its variability 
and unreliability, and Miller and 
Leech? have noted that Miller's test is 
"not very helpful" in the presence of 
hydrocephalus. 

We questioned the validity of Mil- 
ler's test since it relies chiefly on a 
basically mechanical measurement of 
the elastance of the brain in an effort 
to quantitate the brain's overall abili- 
ty to adapt to volumetric stress. In 
previous experiments we noted that 
ICP generally requires a minumum of 
15 minutes to stabilize following a 
change in intracranial balloon volume, 
with the rapid phase of the exponen- 
tial fall occupying generally the first 5 
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Fig 9.—Combined data from different dogs with no brain 
edema showing correlation of measurements of ICP 
reserve (as slope values) with lesion balloon volumes. The 
“Comb ICPRT slope” (cerebral reactivity to volumetric 
stress as measured by ICP reserve test slope value, 
combined data) is given in millimeters of mercury. See 
legends for Fig 7. 


Fig 10.—Combined data from different dogs with no brain 
edema showing comparison of ICP reserve testing done 
with subdural saline injections free into subdural space 
(left) or into subdural lesion balloon (right). See legends for 








Fig 7. 
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minutes. This suggests that intracra- 
nial pressure adaptations normally 
encountered require longer than the 
20- or 30-second time interval chosen 
by Miller. Our studies also have shown 
that with incremental lesion balloon 
inflations at two-hour periods (as done 
in the present study) ICP tends to rise 
linearly in response to increasing 
intracranial volume (H. A. W., unpub- 
lished observations), suggesting that 
the less rapid components of cerebral 
adaptation may behave differently 
from the initial rapid component. In 
animal studies using tests similar to 
the one employed by Becker et al” 
(modified from Miller's test) we 
found that both the relatively short 
time interval and the relatively small 
change in induced ICP relative to 
baseline fluctuations added to the 





difficulty in interpreting the test and 
to the variability of the induced 
responses. The fact that Becker et al'* 
observed significantly greater fluc- 
tuations of baseline ICP in patients 
with impaired cerebral reserve means 
that Miller’s test would be most diffi- 
cult to interpret in the very patients 
in whom it should be most abnormal. 

We sought to define a dynamic test 
of the brain’s overall reserve capacity, 
a concept we term “ICP reserve test- 
ing.” To do this in a fashion that 
would perhaps test more than the 
simple elastance of the brain, we 
sought to stress the brain over a more 
prolonged period of time using a 
series of incremental infusions. By 
stressing the brain over a five-minute 
period, as we have done in our ICP 
reserve test, the exponential rise 
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contributed by the rapid component of 
compensation still contributes signifi- 
cantly to the induced ICP change, 
accounting perhaps for the exponen- 
tial shape of the response demon- 
strated by ICP reserve testing slope 
values in the present study (Fig 9, 12, 
and 13). Like Miller and Leech,’ we did 
not attempt to analyze and quantitate 
the physiologic mechanisms that 
might be operational in the brain's 
overall ability to adapt to volumetric 
stress, but rather we sought to define 
a single test system that could be 
quantitated and that might be of 
practical clinieal applicability. Since 
the chief usefulness of the test is 
expected to derive from clinical appli- 
cations, we felt it important to incor- 
porate strong safety features. For this 
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reason, we established a maximum 
limit of ICP increase beyond which 
further incremental injections would 
be omitted. Instead, a mathematical 
extrapolation of maximum slope pres- 
sure that might have been attained 
was substituted. If baseline ICP is 
already markedly elevated, the test 
would not be needed, since sustained 
rises in baseline ICP to abnormal 
levels occur only after reserve mecha- 
nisms have been compromised. 


CONCLUSIONS 


Intracranial pressure reserve test- 
ing seems less variable than simple 
measurements of cerebral elastance, 
yet it seems simple and safe enough to 
perform for routine clinical applica- 
tions. It seems to amplify Miller’s goal 
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Elevations of Hemopexin Levels 


in Neuromuscular Disease 


Bruce T. Adornato, MD; W. King Engel, MD; Marguerite Foidart-Desalle, MD 


e Hemopexin, a serum glycoprotein 
that binds free heme and transports it to 
hepatic parenchymal cells, has been 
measured by radial immunodiffusion. We 
have confirmed elevation of serum hemo- 
pexin concentration in Duchenne’s mus- 
cular dystrophy patients and carriers, and 
demonstrated elevations in dermatomyo- 
sitis /polymyositis and myasthenia gravis, 
but not in amyotrophic lateral sclerosis. In 
monkeys, elevations of hemopexin levels 
were specifically induced by hematin 
injections, muscle-crush, or myoglobin 
injections. Myoglobin leakage is the likely 
explanation of hemopexin level elevation 
in Duchenne’s dystrophy patients and 
carriers and in dermatomyositis/poly- 
myositis. In myasthenia gravis there might 
be a slight myoglobin leakage not hereto- 
fore suspected; or, the elevation of hemo- 
pexin levels might be a new reflection of a 
dysimmune state in myasthenia gravis, 
and perhaps as such is a further incre- 
menting factor in dermatomyositis /poly- 
myositis. Hemopexin, presumably as a 
longer-phase reactant, is sometimes an 
index of neuromuscular disease when 
other data are negative or equivocal. 

(Arch Neurol 35:577-580, 1978) 
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T is a glycoprotein that 
specifically binds free heme and 
is normally present in human serum. 
It functions as a carrier to hepatic 
parenchymal cells of heme presented 
to the intravascular compartment.' 
Decreased serum levels of hemopexin 
are found in hemolytie disease and are 
clinieally useful in hematology for 
diagnosis and evaluating therapy.” * 
Elevations of serum hemopexin level 
were heretofore known in only two 
circumstances: (1) in Duchenne's mus- 
cular dystrophy patients and carri- 
ers’; and (2) in experimental induc- 
tion of hemopexin synthesis by 
repeated injections of very small 
amounts of heme.* Our investigations 
demonstrate elevations of hemopexin 
level in several other neuromuscular 
diseases including polymyositis/der- 
matomyositis and myasthenia gravis, 
extend the preceding clinical studies 
of Duchenne's dystrophy patients and 
carriers, and utilize animal models to 
evaluate the significance and patho- 
physiologie mechanisms of hemopexin 
metabolism in neuromuscular dis- 
eases. 


METHODS 


Serum hemopexin level was measured by 
radial immunodiffusion using commercial- 
ly available plates Behring Diagnosties and 
quantitated from our own standard curves, 
results being linear between 20 to 130 
mg/100 ml of serum and reproducible with- 
in 5%. The rabbit antihuman-hemopexin 


antibody of the plates detected hemopexin 
of human or monkey sera but not that of 
porcine, canine, feline, or rodent sera, 
presumably because of antigenic dissimi- 
larity. Hemopexin was stable for months at 
4°C and underwent < 5% loss of reactivity 
when thawed and refrozen once after stor- 
age at —70 °C for two months. In vitro 
hemolysis or repeated thawing and re- 
freezing caused significant loss of reactivi- 
ty and such samples were discarded. Serum 
haptoglobin level was measured by a 
modified peroxidase technique” (normal, 50 
to 150 mg/100 ml). Other serum compo- 
nents were measured by routine tech- 
niques. 

A 7-kg rhesus monkey was given hema- 
tin four times daily intravenously (Sigma), 
3 mg/kg (first dissolved in 0.25% Na,CO,, 
adjusted to a pH of 7.1 with 0.1.NHCI, and 
diluted to 1 mg/ml in 0.9% NaCl, and then 
passed through a 0.45-y polymer filter). In 
two rhesus monkeys, quadriceps muscle 
was surgically crushed under ketamine 
dissociative anesthesia and locally infil- 
trated lidocaine (barbiturates were avoided 
because pentobarbital can induce hemo- 
pexin synthesis in rabbits'); we found no 
hemopexin induction in control monkeys 
repeatedly dosed with ketamine over three 
weeks. One rhesus monkey was given 
sperm-whale myoglobin (Sigma), dissolved 
in NaCl and passed through a polymer 
filter, six times daily intravenously 20 mg 
on days 1 and 2, 30 mg on days 3 and 4, and 
50 mg on days 5 and 6, incremented 
because of initial concern about renal inju- 
ry. The total of 200 mg of myoglobin 
contained about 8 mg of heme (compared 
with 84 mg of heme given intravenously, as 
described above), a dosage calculated to 
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produce acute serum levels threefold those 
described in human acute exertional rhab- 
domyolysis (10 to 30 ug/ml)"—renal dam- 
age was not produced, as judged from 
normal serum creatinine levels. 


RESULTS 


Mean serum  hemopexin levels, 
when compared with those of normal 
controls, were significantly elevated 
in patients with subacute and chronic 
polymyositis/dermatomyositis, myas- 
thenia gravis, and Duchenne's muscu- 
lar dystrophy, and in both presumed 
and possible carriers of Duchenne's 
dystrophy (Table); amyotrophic later- 
al sclerosis patients had a slight eleva- 
tion, not significant compared with 
that of the control groups. Male and 
female human controls did not differ 
significantly (respective means, 69.9 
vs 71.1 mg/100 ml) Elevations of 
hemopexin level were not correlated 
with serum creatine phosphokinase 
(CPK) activity in any group, eg, in 
Duchenne's dystrophy patients and 
carriers (Fig 1) and in myasthenia 
gravis patients (who had normal CPK 
values). Hemopexin value elevations 
did not seem to be a nonspecific 
response because (1) patients with 
various acute or chronic illnesses did 
not show consistent elevations; (2) in 
27 patients there was no correlation 
between hemopexin level elevation 
and serum haptoglobin value (an 
acute-phase reactant) (Fig 2); (3) in 
six normal volunteers injected with 


* — Possible Carrier 
9? = Presumed Carrier by Enzymes 
Biopsy or Genetic Family History 


Serum Hemopexin, mg/dl 
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Fig 1.—Correlation of serum hemopexin and CPK values. 
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the potent inflammatory agent etio- 
cholanolone for 11 days (in another 
investigator's study"), there were fe- 
ver and serum elevations of ferritin 
and depressions of serum iron but no 
consistent change of hemopexin; (4) 
previous studies showed no increase in 
humans with acute trauma." 
Hematin injected into the monkey 
for four days resulted in an initial 
marked 70% drop of serum hemopexin 
level, followed by a rise to over 200% 
of preinjection values 11 days after 
the injections, with subsequent return 
to baseline (Fig 3, top) A specific 
induction of hemopexin is suggested 
since there was no pyretic reaction nor 
alteration in granulocyte count, eryth- 
rocyte sedimentation rate, serum pro- 
tein electrophoresis values, or serum 
creatinine or CPK levels. Following 
muscle crush, the monkeys showed the 
same magnitude of hemopexin level 
elevation as with the heme injection 
(Fig 3, center); the rise in hemoplexin 
level occurred later than the rise in 





CPK level and persisted long after the 
CPK value had returned to normal. In 
the monkey injected with myoglobin, 
despite the small amount of heme 
contained in the administered myo- 
globin, a significant rise in hemopexin 
level occurred (Fig 3, bottom); in a 
control monkey injected with identical 
amounts of bovine serum albumin for 
six days, hemopexin levels did not 
change. 


COMMENT 


Hemopexin, a single polypeptide 
chain with 20% carbohydrate content 
and molecular weight of 57,000 dal- 
tons, derives its biologic properties 
from its high binding affinity for free 
heme and other porphyrin-containing 
substances. When bound, hemopexin 
undergoes conformational change, 
which is responsible for the drastically 
shortened half-life of a heme-hemo- 
pexin complex (0.8 days) compared to 
free (apo) hemopexin (7.1 days): 
Hemopexin, a transport protein, is 
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Mean (+ SD) Hemopexin Levels 


Normal 28 70.3 + 10.5 bis 
Duchenne's dystrophy patients 20 87.3 + 13.6 < .001 


*Compared to normal. 
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Fig 2.—Comparison of hemopexin and haptoglobin levels 
in sera of 27 patients. 
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Fig 3.—Experiments in monkeys. Top, Effect of daily heme injections, 12 mg/kg, on 
serum hemopexin levels. Center, Effect of surgical crush injury of muscle on CPK and 
hemopexin levels. Bottom, Effect of daily intravenous administration of myoglobin or 


bovine albumin on serum hemopexin levels. 


synthesized in hepatic parenchymal 
cells, which also are the receiving sites 
for hemopexin-transported heme." 
Inducers of hemopexin synthesis in 
animals include heme and porphyrin- 
ogenic agents, eg, lead acetate, allyl- 
isopropylacetamide, and griseoful- 
vin.* In man, fractional catabolic 
studies have shown positive correla- 
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tion between serum hemopexin levels 
and daily turnover, ie, when consump- 
tion increases, synthesis increases.” 
Previously, quantitative turnover 
studies in humans have been in condi- 
tions with lowered serum hemopexin 
levels, mainly in hemolytic states such 
as hemoglobinopathies, erythroblasto- 
sis fetalis, and the “Waring blender” 


syndrome in cardiac-valve protheses; 
in these, catabolism exceeds synthe- 
sis. Low serum levels can also accom- 
pany liver failure or severe caloric 
deprivation, presumably because of to 
impaired synthesis.'^ 

Hemoglobin and myoglobin both 
contain the metalloporphyrin complex 
protoporphyrin IX-that, and their 
presence in serum, are the likely links 
between disordered metabolism of 
hemopexin in some hematologic and 
neuromuscular diseases. We demon- 
strated that heme,  muscle-crush 
(which releases myoglobin), and myo- 
globin cause elevated serum hemopex- 
in levels in primates, as heme has been 
shown to do in rabbits." The explana- 
tion of hemopexin complexing with 
heme of myoglobin can apply to 
Duchenne's dystrophy (and its car- 
riers) and polymyositis/dermatomyo- 
sitis because in both, muscle fibers 
leak soluble components, eg, CPK. 
With previously used, less sensitive 
techniques, myoglobinemia was not 
found in Duchenne's dystrophy", but 
with a new complement fixation assay 
it is detectable commonly in Du- 
chenne's dystrophy (L.J. Kagen, MD, 
et al, unpublished data) and polymyo- 
sitis/dermatomyositis.'" Even without 
myoglobinemia,  myoglobin heme 
could eonceivably be released to the 
serum by proteolysis within damaged 
muscle fibers or macrophages in 
affected muscle tissue. Hypothetical- 
ly, an alternate source of released 
heme in Duchenne’s dystrophy and its 
carriers could be hemoglobin, but 
remaining unconfirmed or disputed* 
are the reports of erythrocyte abnor- 
mality, such as increased osmotie 
fragility, altered erythrocyte plas 
malemma phosphorylation, and ech:- 
nocytosis,”*"* defects that conceivably 
could reduce erythrocyte half-life and 
inereased hemoglobin turnover. How- 
ever, we have demonstrated uniform- 
ly normal haptoglobin values, plasma 
hemoglobin levels, and reticulocyte 
eounts in our Duchenne's dystrophy 
patients and carriers, and we have 
found the half-life of chromium 51- 
labeled erythrocytes to be norma! in 
Duchenne's patients.” 

In myasthenia gravis, leakage of 
myoglobin is not yet known nor is 
there elevation of serum CPK values, 
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however, biopsy specimens do disclose 
an occasional minimally abnormal 
regenerating-degenerating muscle fi- 
ber and conceivably there might be a 
very small amount of myoglobin 
leakage. In our myasthenia gravis 
patients, elevations of hemopexin lev- 
el were similar whether or not they 
were receiving corticosteroid treat- 
ment (actually, corticosteroids reduce 
hemopexin levels in animals'), and 
they were not correlated with y-globu- 
lin or haptoglobin levels. An alternate 
possibility is that the hemopexin value 
elevation is an aspect of the dysim- 
mune state known to exist in myas- 
thenia gravis. If the hemopexin level 
can be elevated as an aspect of a 
dysimmune state, that could explain 
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why serum hemopexin values were 
higher in polymyositis/dermatomyo- 
sitis than in Duchenne’s dystrophy, 
even though muscle-cell leakage as 
reflected by serum CPK value was 
greater in our patients with the 
latter. 

In conclusion, hemopexin measure- 
ment has led to new investigative 
insight on the pathogenesis of some 
neuromuscular diseases, and it may 
prove clinically useful. If indeed it is a 
long-lasting reactant to muscle-fiber 
damage, it could aid in (1) identifying 
carriers of Duchenne's dystrophy and 
(2) providing a more stable index than 
CPK value to monitor drug treatment 
trials in Duchenne's dystrophy and 
polymyositis/dermatomyositis. And 
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Polyneuropathy and Folate Deficiency 


M. I. Botez, MD; Jean-Marie Peyronnard, MD; Jocelyne Bachevalier, MSc; Louise Charron, MD 


e We studied five patients (two men and 
three women, aged between 58 and 76 
years) with clinical and electrophysiologi- 
cal signs of polyneuropathy. Routine 
neurological, hematological, and gas- 
troenterological studies as well as proce- 
dures to test fat malabsorption were 
performed. Folate determinations were 
done using both radioactive and Lacto- 
bacillus casei methods. 

Two patients displayed the signs of 
subacute combined degeneration of the 
spinal cord with polyneuropathy, while 
three had only signs of neuropathy. All 
had low serum folate concentration, long- 
standing gastrointestinal disease, and 
deficient folate intake. The b-xylose 
absorption test gave low values in all 
patients, while none displayed the classi- 
cal malabsorption syndrome. The patients 
had substantial improvement or recov- 
ered (according to clinical and electro- 
physiological measurements) after peri- 
ods ranging from 9 to 39 months of folate 
therapy. 

Such acquired folate-responsive poly- 
neuropathy has two principal characteris- 
tics: mixed sensorimotor with mainly 
sensory deficits, and involvement of one 
or both of the lower extremities much 
more extensively than the upper extremi- 
ties. 

(Arch Neurol 35:581-584, 1978) 
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T3575 the last few years, several 
authors have reported the re- 
sponse of neurologic disorders to folic 
acid therapy." We know however, of 
only one well-documented report of a 
polyneuropathy that was partially 
responsive to folic acid therapy. 

We treated five patients who had 
polyneuropathy that was associated 
with folate deficiency. 


METHODS 


Our protocol for gastrointestinal (GI), 
hematological, and malabsorption studies 
has been reported elsewhere.** Folate 
determinations were done using both 
radioactive and Lactobacillus casei meth- 
ods.‘ Motor and sensory nerve conduction 
velocities were obtained by standard elec- 
trophysiologic techniques,’ both before and 
after folate therapy. All latency measure- 
ments were made at the onset of the 
potentials. Ten subjects matched for age 
and sex served as controls. All patients 
were screened for other possible causes of 
polyneuropathy including metabolic, infec- 
tious, and paracarcinomatous disorders. A 
dietary history was obtained in all patients 
and appropriate corrections made at onset 
of treatment. 


REPORT OF CASES 


Case 1.—A 58-year-old man was hospital- 
ized in December 1972 because of weakness 
and paresthesias in both legs. Since the age 
of 45 years, he had suffered from constipa- 
tion, with occasional bouts of diarrhea. In 
1967, a resection of the duodenojejunal 
junction had been done because of duode- 
nal polyposis. 

Neurological examination showed hypo- 
tonia and weakness in both lower limbs, 
more evident distally. Muscle stretch 
reflexes were normal in the upper limbs, 


knee jerks were diminished, and ankle 
jerks were absent. Plantar responses were 
flexor. The patient has a stocking distribu- 
tion of hypesthesia and hypalgesia as far 
as 5 to 6 em below the knees. Vibratory 
sense was absent in the toes and ankles and 
was diminished up to the iliac crests. Posi- 
tion sense of the toes was normal. Labora- 
tory findings are given in Tables 1 and 2. 
Serum and CSF folate concentrations were 
low. 

For the first six months, the patient was 
given 15 mg of folic acid by mouth daily; 
for the next year, 10 mg daily; and there- 
after, 5 mg daily. There was a slow, 
progressive improvement in the weakness 
of the legs. In March 1975, the only clinical 
abnormality noted was the absence of 
ankle jerks. 

The first electrophysiological examina- 
tion done before the onset of therapy 
(Table 3) suggested a mild sensorimotor 
neuropathy in the legs characterized by 
slowing of sural and peroneal nerve 
conduction velocities. Electromyogram of 
the tibialis anterior muscle was normal. 

Three years and three months after 
initiation of treatment, sensory conduction 
of the sural nerves was normal but the 
motor conduction velocity of the peroneal 
nerves remained subnormal for the pa- 
tient’s age. 

Case 2.—The clinical and neuropsycho- 
logical findings in this 76-year-old woman 
have been reported elsewhere (case 1,'"). 
She had partial villous atrophy of the jeju- 
nal mucosa and low serum folate values 
(Tables 1 and 2). The RBC folate level was 
low in one determination (radioisotope 
method). She had a four-month history of 
severe, subacute combined degeneration of 
the spinal cord; this was responsive to folic 
acid therapy. (She is included in this study 
because the electrophysiological findings 
were not mentioned previously). Within a 
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20-month period, this patient showed mild 
improvement in the conduction velocities 
of the median, ulnar, and sural nerve 
sensory action potentials, which were slow 
at the initial evaluation (Table 3). Electro- 
myographie signs of denervation in the 
lower extremities were not found at any 
time. 

CasE 3.—A 62-year-old woman was hospi- 
talized in December 1975 because of weak- 
ness of both legs. An ileal resection for a 
villous tumor was done in 1958 (Table 1). 
Her mild diabetes had been well controlled 
by diet since the age of 40 years. Since 1962 
(when she was 49 years of age), she had 
experienced burning feet, cramps and 
paresthesias in both lower and upper limbs, 
and chronic constipation. Examination in 
1967 disclosed hypesthesia and hypalgesia 
in both legs, diminution of vibratory sense 
in the toes, sensory ataxia, and bilateral 
Babinski signs. Subtle megaloblastic 
changes were found in the bone marrow 
aspirate. Results of the Schilling test were 
normal. She was not treated. The diagnosis 
was myelopathy of unknown origin. Disa- 
bility increased, and by 1971 she needed 
two canes. 

When examined in 1975, the patient had 
a spastic paraparesis with impaired poste- 
rior-column function in the legs. Knee 
jerks were brisk, while ankle jerks were 
absent. There were bilateral Babinski 
signs. Vibratory sense was absent in the 
toes and diminished up to the iliac crests. 
Mild impairment of position sense of the 
toes was noted. This patient had eaten no 
meat, fresh fruit, or fresh vegetables since 
the age of 35 years. Hematological assess- 
ment showed subtle megaloblastic changes 
(ie, macro-ovalocytosis and open chroma- 
tin). She had low serum folate concentra- 
tion (Table 2) and borderline CSF folate 
levels (radioisotope method). The reticulo- 
eyte count rose from 3.8% to 6.0% after the 
patient had received 1.25 mg of folic acid 
by mouth daily for five days. 

Thereafter, she received 15 mg of folic 
acid by mouth daily and 15 mg of folic acid 
intramuscularly every two weeks. She had 
progressive improvement. The first symp- 
toms to disappear, after two months, were 
the sensation of burning feet and the 
paresthesias and cramps in both arms and 
feet. After eight months of treatment, the 
dosage of folic acid was reduced to 5 mg 
daily by mouth and 15 mg intramuscularly 
every two weeks. After 12 months of treat- 
ment, her condition was definitely im- 
proved; she had an almost normal gait, but 
the plantar response remained extensor on 
the right and equivocal on the left. Vibra- 
tory sense remained diminished in the toes 
and ankles but was normal over the knees 
and the iliac crests. There was a mild 
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Table 1.—Hematological* and Gastrointestinal (Gl) Assessment 


Patient/ 
Sex/Age, yr 


1/M/58 


Hemoglobin, 
g/dl 


2/F/76 


3/F/62 


Hematocrit, 
% 


Results of GI X-ray Films 

and Jejunal Biopsies 
Resection of the duodenojejunal 
junction in past, jejunal diverti- 
cula, mucomembranous colitis 
Hiatus hernia, partial villous atro- 

phy of the jejunal mucosa 
lleal resection, colitis, sigmoid di- 
verticula, normal jejunal biopsy 


4/F/76 10.3 31.3 Dolichocolon, colitis 


5/M/62 13.6 


39.6 





Diverticular colitis, partial villous 
atrophy of jejunal mucosa 


*Examination of bone marrow aspirates showed normoblastic hyperplasia in all five patients. 


improvement in both amplitude and con- 
duction velocities of the median ulnar and 
sural nerves sensory action potentials 
(Table 3); the peroneal nerve conduction 
velocities remained rather low. Electro- 
myographic studies in the lower extremi- 
ties were normal. 

CasE 4.—A 76-year-old woman was 
admitted to the hospital in February 1975 
because of a six-month history of paraple- 
gia. Because of allergic migraine, she had 
not eaten fresh vegetables or fruit since 
the age of 14 years. She had a 25-year 
history of iron deficiency anemia; this was 
treated with ferrous sulfate and vitamins. 
She had a 20-year history of severe burning 
feet, lightning stabs of pain, and numbness 
occurring at rest, especially at night. These 
were relieved by movement. The symptoms 
were severe and had awakened her at least 
once every night for the last ten years. 
During the last six months, the patient had 
had constipation alternating with diarrhea 
and progressive difficulty in walking. 

On admission, the patient appeared ill, 
pale, and poorly nourished. No evidence of 
heart disease or hepatosplenomegaly was 
found. She was not able to walk alone. 
When supported by two persons, she was 
able to take a few steps; when standing 
with eyes closed, she lost her balance. This 
severe sensory ataxia was accompanied by 
a generalized hypotonia and severe weak- 
ness in the lower extremities with atrophy. 
Stretch reflexes were normal in both upper 
extremities. Knee jerks were diminished 
and ankle jerks were absent. Plantar 
responses were flexor. Vibratory sensation 
was absent at the toes and ankles and 
diminished at the knees and iliac crests. 
Position sense was normal. Pain sensation 
was diminished in the distal lower extrem- 
ities. 

Laboratory and ancillary findings are 
given in Tables 1 and 2. She had macro- 
ovalocytosis in the peripheral blood. She 
was given 15 mg folic acid by mouth daily. 
Eight weeks later she could walk alone 
with the aid of one cane. The hypalgesia 
and subjective sensory complaints disap- 


peared in the lower limbs. Folic acid thera- 
py was continued at a daily dosage of 10 
mg by mouth. 

Clinical improvement continued, and 
after nine months of treatment, vibratory 
and position sense returned to the toes and 
ankles. She could then walk normally. 
Ankle jerks were still absent but plantar 
reflexes were flexor. 

Electrophysiologically, the only abnor- 
mality was a mild slowing of peroneal 
nerve motor conduction velocities; this was 
somewhat improved nine months later 
(Table 3). 

Case 5.—A 62-year-old man was admit- 
ted to the hospital in August 1975 because 
of a two-year history of weakness of the 
legs, difficulty in walking, and cramps and 
lightning stabs of pain in both thigh and 
calf muscles that occurred especially when 
he was resting after physical effort. There 
were occasional paresthesias in both arms 
and hands. He had not eaten meat or fresh 
vegetables for 25 years. The patient 
suffered from long-standing constipation. 

The illness started with cramps and 
numbness in both lower limbs. During the 
four months before admission, walking had 
become difficult and a burning paresthe- 
sias of the feet had appeared. He was a tall, 
thin, fragile elderly man with a yellowish 
pallor. The tongue was depapillated. Blood 
pressure was normal. There was no hepa- 
tosplenomegaly. He had a partial villous 
atrophy of the jejunal mucosa and divertic- 
ular colitis (Table 1). 

The gait was slightly wide-based. He 
was able to maintain balance with eyes 
open and the legs approximated but not 
with his eyes closed. The muscle bulk of the 
lower limbs was generally reduced and 
tone was diminished. Fasciculations in the 
calf and shoulder muscles were observed 
both spontaneously and after percussion. 
Stretch reflexes were normal except for 
knee jerks, which were hyperactive. There 
was no Babinski sign and the abdominal 
reflexes were normal. Pain sensation was 
blunted over the feet and distal part of the 
legs. Touch was diminished and vibratory 
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Lactobacillus casei Method 





Serum RBCs 





Normal , 
values 6-21 


Patients 


1 1.4(20.2) 295(600) 8. 





4 4.8(18.5) 548(600) 18 


5 4.5(18.2) 





Folate Determinations, ng/ml* 


CSF 





> 275 12-23 


473(530) 11.2 


* * . . 


Table 2.—Other Laboratory Findings on Admission 


Radioisotope Assay 





Serum RBCs 


4.5-12 100-400 > 12 


< 1(14.1) 330(550) 9.5 


7 
. 4 


A 2 5 
2 1.7(22.2) 320(460) 16.6 < 1(13) 68.6(350) 18.1 2 13 
7 


3.2(18.1) 282(475) 


176(460) 11.0 686 21 26 


2.9(17.1) 276(500) 15.3 
2.4(16.2) 
< 1(16.8) 120(465) 





*Folate values determined at time of clinical improvement after therapy are given in parentheses. 


Determined after five hours. 


D-xylose 
Serum Schilling absorption 
Vitamin B,., Test, 96 test, % 
pg/ml Elimination elimination 





200-650 > 10 30-40 


682 2 2 
65 2 






689 13 12 


Table 3.—Neurophysiological Values Before and After Folate Therapy* 


Controls} 





SAP amplitude, Vt 
R median nerve 


L median nerve 
R ulnar nerve 
L ulnar nerve 
R sural nerve 
L sural nerve 


SAP conduction velocity, m/s 
R median nerve 


L median nerve 
R ulnar nerve 
L ulnar nerve 


L sural nerve 


MCV, m/s 
R median nerve 


L median nerve 
R peroneal nerve 
L peroneal nerve 


Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 
m ama 7 
Before After Before After Before After Before After Before 





47.9 + 1.9 


57.5 + 4.1 
46.6 + 2.3 











* After values were determined after following periods: patient 1, 39 mo; patient 2, 20 mo; patient 3, 12 mo; patient 4, 9 mo; patient 5, 18 mo. 
{SAP indicates sensory action potential; MCV, motor conduction velocity; R, right; L, left. 
+Ten subjects (five men, 5 women) aged 64.6 + 5.5 (SD) years. Values are mean + SD. 


sense was absent at the ankles and toes 
and decreased at the knees and hands. 
Joint position sense was diminished in the 
toes only. He had low serum folates concen- 
trations and borderline low CSF folate 
values (Table 2). 

After four months of treatment with 15 
mg of folic acid by mouth daily, symptoms 
disappeared. Folic acid therapy was contin- 
ued at a daily dosage of 10 mg by mouth for 
14 months. The objective abnormal find- 
ings at the admission progressively disap- 
peared, and in January 1977 only diminu- 
tion of vibratory sense in the toes 
persisted. 

Initial neurophysiological evaluation 
gave evidence of a largely sensory neurop- 
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athy in the upper extremities and both 
sensory and motor neuropathy in the lower 
extremities. The principal electrophysio- 
logical abnormality (Table 3) consisted of 
absent sensory action potentials in all 
extremities, with mild slowing of the 
motor conduction velocities of both perone- 
al nerves. Electromyographic studies dis- 
closed numerous fasciculations in the 
extensor digitorum brevis and tibialis 
anterior muscles but failed to show any 
definite evidence of denervation. Eighteen 
months later there was definite improve- 
ment; residual abnormalities consisted of 
low-amplitude sensory action potentials of 
median and ulnar nerves and no response 
to stimulation of the sural nerves. 


COMMENT 


Of the five patients with polyneu- 
ropathy responsive to folic acid thera- 
py, two (patients 2 and 3) manifested 
evidence of subacute combined degen- 
eration of the spinal cord, while the 
other three had only signs of polyneu- 
ropathy with diminished vibratory 
sense in the lower extremities without 
evidence of cortico-spinal tract in- 
volvement. 

All patients had experienced long- 
standing GI abnormalities (Table 1), 
ie, surgical resection of the duodenoje- 
junal junction, jejunal diverticula, and 
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colitis (case 1); abnormal jejunal biop- 
Sy (cases 2 and 5); ileal resection and 
colitis (case 3); and dolichocolon and 
colitis (case 4). Chronic dietary folate 
deficiency was established for pa- 
tients 3, 4, and 5. 

All patients had a low serum folic 
acid concentration determined by 
both the L casei and the radioisotope 
method (Table 2). Borderline erythro- 
cyte folate concentrations were found 
in patients 3 (L casei method) and 2 
(radioisotope method) A low CSF 
folate concentration was found in 
patient 1, while a borderline low CSF 
folate level was noticed in patient 5. 
Studies of bone marrow aspirates 
showed normoblastic hyperplasia in 
all patients. Subtle megaloblastic 
changes were found in two patients 
(cases 3 and 4). 

D-xylose absorption was abnormally 
low in all patients under study; stea- 
torrhea (pathognomonic for the classi- 
cal malabsorption syndrome) was re- 
placed by a chronic constipation that 
disappeared after folate therapy. As 
in the reported case of Fehling et al 
and as in some of our previously 
reported cases,'^ these five patients 
did not manifest fat malabsorption. 
As shown in previous studies, the 
gluten-free diet is ineffective in such 
patients. 

Folate deficiency was thus proved 
independently by folate determina- 
tions and by clinical and electrophys- 
iological responses to folic acid thera- 
py in all patients. With respect to the 
mild diabetes in patient 3, we empha- 
size that it had been well controlled 
for 22 years before hospital admission, 
and no change in treatment was insti- 
tuted. A spontaneous clinical and elec- 
trophysiological improvement (or re- 
covery) is hardly to be expected in 
patients in this age group. Other 
possible causes were ruled out during 
the hospitalization. Before folate ther- 
apy is attempted in such patients, 
vitamin B,. deficiency must be ex- 
cluded by appropriate laboratory 
tests. 

We can conclude that both inade- 
quate ingestion and inadequate ab- 
sorption (in different degrees for each 
patient) could be considered as causa- 
tive factors in these patients. 

Despite the fact that these patients 
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were treated with spectacularly bene- 
ficial effect, we do not understand the 
mechanism of folate-responsive neu- 
rological disorders.’ Cooke and Smith" 
reported 16 patients with adult celiac 
disease who had neurological symp- 
toms, but concluded that folic acid 
played no role in alleviating the neu- 
ropathy of malabsorption. Similar 
findings were reported by Iyer et al” 
regarding neurological manifesta- 
tions of tropical sprue. These findings 
could be explained on the basis that 
classical malabsorption syndrome is 
characterized by a flat mucosa on jeju- 
nal biopsy and by several vitamin 
deficiencies in the same patient." 
These facts imply that oral treatment 
could be ineffective, as it has been our 
previously reported experience’ with 
folate-deficient patients showing sub- 
total villous atrophy of jejunal muco- 
sa. Because of the deficiency in physi- 
ologically interrelated vitamins such 
as thiamine, vitamin B,., and folic 
acid, the need for multiple vitamin 
replacement is obvious, as shown by 
the five patients of Cooke and Smith" 
who made almost total recoveries 
after the administration of large 
quantities of vitamins parenterally. 
Our cases do not fit the criteria of 
classical malabsorption syndrome, and 
we suggest that the deficiency was 
mainly one of folic acid. The mecha- 
nism underlying folate-responsive po- 
lyneuropathy remains unknown. Ani- 
mal experiments suggested that it 
could be the result of thiamine deple- 
tion induced by dietary folate defi- 
ciency." Following this line of evi- 
dence, Fehling et al" reproduced 
peripheral neuropathy in  folate- 
depleted rats that was responsive to 
either folate or thiamine therapy. In 
the single well-documented report of 
folate-responsive polyneuropathy in 
the human,* thiamine deficiency was 
not of etiologic importance. A periph- 
eral neuropathy was noticed in a case 
of congenital folate deficiency"; the 
subsequent recovery after folate ther- 
apy provided the best evidence that 
folate deficiency alone may indeed 
produce peripheral neuropathy." 


CONCLUSION 


The main characteristics of ac- 
quired folate-responsive polyneurop- 


athies are (1) they are mixed sensori- 
motor, but mainly sensory types; (2) 
they either affect one or both of the 
lower extremities much more severely 
than the upper extremities. Features 
that have to be noted in considering 
folate deficiency as the basic causa- 
tive factor are GI (jejunal) disease, 
borderline or bizarre anemias, and 
persistent myelopathies or neurop- 
athies, both with predominant im- 
pairment of vibration sense and the 
absence or diminution of ankle jerks. 
The precautions to be taken when 
prolonged folate therapy is empha- 
sized have been published else- 
where.'^:* 


This study was supported in part by grants 
from the C. O. Monat Foundation and the Medical 
Research Council of Canada (M.I.B.) 
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Comparison of the Neuropsychological 


Deficits Associated With Early 


and Advanced Huntington’s Disease 


Nelson Butters, PhD; Daniel Sax, MD; Kathleen Montgomery; Susan Tarlow 


e Patients with "recently" diagnosed 
Huntington's Disease (RHD) were com- 
pared on a neuropsychological test bat- 
tery to patients who have had the disease 
three to 15 years (AHD) and to intact 
controls. While the patients with HD 
showed general nonfocal deficits on the 
Wechsler Adult Intelligence Scale, the 
Wechsler Memory Scale, and tests of 
short-term memory and verbal fluency, 
the patients with RHD had focal deficits 
that stressed their memory deficits. The 
patients with RHD had IQs within the 
normal range, but their memory quotients, 
their performance on short-term memory 
tests, and their ability to search and 
retrieve from long-term memory were 
severely impaired. These results suggest 
that the cognitive deficits of patients with 
HD do not develop uniformally; memory 
disorders are early focal signs that 
precede the patients' more widespread 
intellectual deterioration. 

(Arch Neurol 35:585-589, 1978) 


Teens disease (HD) is a 
severe neurological illness char- 
acterized by chorea and a widespread 
intellectual deterioration. The disease 
is transmitted genetically by a domi- 
nant gene and usually, but not always, 
becomes apparent during the third or 
fourth decade of life. Although HD 
has been recognized since 1872,' the 
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number of neuropsychological studies 
focusing on the disorder have been 
sparse and have not identified a 
specific pattern of cognitive disorders 
to characterize the patient’s demen- 
tia.2* Investigators have reported 
general decreases on the Wechsler 
Intelligence tests,?* deficits on many 
of the subtests of the Halstead-Reitan 
battery, problems with short-term 
memory and verbal encoding," and 
deviant strategies in problem solv- 
ing.* Only the patients’ language 
funetions, as evidenced by their lack 
of aphasic symptoms, remain relative- 
ly intact. 

One reason many of the noted stud- 
ies may have uncovered such global, 
nonfocal, neuropsychological signs is 
that they used patients with moder- 
ately advanced HD. In the study by 
Boll et al? HD had been diagnosed in 
patients for an average of 5.24 years 
prior to testing; in the study by 
Norton‘ the patients had the disease 
at least 3.9 years before testing 
(Norton: notes that this figure is like- 
ly underestimated); in the study by 
Aminoff et al, an average of 6.3 years 
had passed between diagnosis and 
neuropsychological testing. At least 
two recent studies suggest that the 
patients' cognitive problems do not 
develop uniformally at the same rate 
and that early in the disease process 
focal signs may be seen.*'^ Lyle and 
Quast'^ found that the Bender gestalt 
test could identify those patients at 
risk in whom HD would eventually 
develop, and Baro* has reported that a 
number of individuals at risk for HD 


evidence deficits in the somesthetic 
form of the Seguin Form Board test. 

To determine in a systematic 
fashion whether HD manifests itself 
in a limited focal manner early in the 
disease process, we administered a 
neuropsychological battery of tests to 
patients with "advanced" HD who had 
had the disease for three to 15 years 
(AHD), to patients with HD who had 
"recently" (less than 12 months prior 
to testing) been diagnosed (RHD), 
and to a group of neurologically intact 
normal controls (NCs). The Wechsler 
Adult Intelligence Scale (W AIS),"' the 
Wechsler Memory Scale (WMS),'? four 
tests of short-term memory, and two 
tests of language functioning com- 
prised the neuropsychological test 
battery. In addition to providing new 
information concerning the develop- 
ment of the intellectual deficits in 
patients with HD, it was anticipated 
that this study might provide some 
further clues as to which cognitive 
impairments might serve as early 
detectors of HD. 


METHODS 
Subjects 


A total pool of 22 patients with AHD, six 
patients with RHD, and 42 NCs partici- 
pated in this study. The AHD group (12 
males, ten females) whose condition had 
been diagnosed three to 15 years prior to 
testing (mean, 5.5 years), had a mean age 
of 46.5 years, and an average of 13.10 years 
of formal education. All of these patients 
had moderate or severe choreic move- 
ments. The RHD group (five males, one 
female) whose condition had been formally 
diagnosed less than 12 months prior to 
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testing (mean, 4.5 months) had a mean age 
of 36.16 years, and 14.16 years of formal 
edueation. The chorea of these patients 
was either very mild or apparent only when 
the patient was under stress. The NC 
group (22 males, 20 females) were nonhos- 
pitalized volunteers with a mean age of 
45.67 years and an average of 13.54 years of 
formal education. The matching of the 
three groups in terms of years of formal 
education was intended to assure approxi- 
mately equal premorbid intellectual capaci- 
ties. 

Diagnosis of HD was made by a senior 
staff neurologist on the basis of a positive 
family history and the appearance of 
choreic movements. In most cases, person- 
ality changes (eg, irritability, hypersexual- 
ity) and complaints of forgetfulness also 
were apparent at the time of diagnosis. 

Whereas all six patients with RHD were 
tested on the entire neuropsychological 
battery of tests, such is not the case for the 
AHD and the NC subjects. Thus, for each 
test the number of AHD and NC patients 


is noted. After the test procedures were 


explained, an informed consent form was 
signed by each subject. 


Tests 


WAIS.—This standardized intelligence 
test was administered to the six RHD, 22 
AHD, and 25 NC subjects. All 11 subtests 
were included, and the standardized proce- 
dures for administration and scoring were 
followed." 

WMS.—This standardized memory test 
was administered to the same subjects that 
had been tested with the WAIS. Again, all 
subtests were administered and scored in 
the standardized fashion.'* 

Short-Term Memory Tests (Short De- 
lays).-Two Peterson short-term memory 
tests'* with 0-, 3-, 9-, and 18-second delays 
were administered to six RHD, 18 AHD, 
and 28 NC subjects. The stimulus materials 
on both tests were low-association conso- 
nant trigrams (three consonants like 
QL X). On one test, the consonant trigrams 
were presented orally to the patients at the 
rate of one letter per second; on the other 
test, the consonant trigrams were printed 
on 5 x 8-in cards and exposed individually 
to the patients for two seconds. 

The details of the Peterson testing 
procedure have been described on several 
oecasions. In summary, on each trial the 
examiner presented a consonant trigram 
(orally or visually) to the subject and then 
required the subject to count backward by 
three's or by two's from 100. When the 
subject had counted for 0, 3, 9, or 18 
seconds, the examiner signaled the subject 
to stop and asked the subject to recall the 
consonant trigram that had been presented 
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just prior to the counting. The counting 
procedure is a distraction task used to 
prevent rehearsal of the to-be-remembered 
letters. Most of the AHD and RHD and all 
of the NC subjects counted backward by 
three's; only a few patients with AHD who 
encountered great difficulty in counting by 
three's were allowed to count by two’s. 

Each Peterson task consisted of 20 trials, 
five at each of the four delay intervals. The 
five trials with 0-second delays were 
administered first; the remaining 15 trials 
with 3-, 9-, and 18-second delays were 
randomly distributed with regard to delay 
interval. A five-second rest interval was 
maintained between successive trials. At 
least 20 minutes were allowed to elapse 
between the oral and visual forms of the 
test. 

Short-Term Memory Tests (Long De- 
lays).-Two Peterson short-term memory 
tasks with 0-, 9-, 18-, and 36-second delays 
between presentation and recall were 
administered to six RHD, seven AHD (six 
on one test), and 25 NC subjects. One test 
used consonant trigrams, the other word 
triads (three, three-letter words like dig- 
hay-sob) as the to-be-recalled stimulus 
materials. Stimuli on both tests were 
presented orally at the rate of one letter (or 
word) per second. The same distractor 
procedures described with the previous two 
Peterson tasks were again used. 

These latter two Peterson tasks were 
used because they involved longer delays 
than the previous short-term memory tests 
and therefore should be more sensitive to 
mild or early memory defects. Such sensi- 
tive tests were thought to be especially 
useful in assessing the patients with 
RHD. 

Test of Verbal Fluency.—A test of verbal 
fluency, originally developed by Borkowski 
et al'^ was administered to six RHD, 19 
AHD, and 25 NC subjects. The patients are 
shown the letters F, A, and S successively 
and asked to produce "all the words you can 
think of" that begin with these letters. The 
patients are allowed 60 seconds to produce 
words for each letter. The patients' verbal 
fluency score is the total number of words 
generated to the three letters. 

Picture Naming Test.-Six RHD, seven 
AHD, and 25 NC patients were adminis- 
tered a naming test consisting of 75 outline 
drawings of concrete common objects (eg, 
broom, snail, escalator) The patient is 
shown one picture at a time and asked to 
supply the name of the object. If the 
patient fails to name the object correctly 
within ten seconds, he is provided with a 
phonemic or semantic cue (eg, "The name 
begins with the letter 'N'.") to aid his 
recall. If the cue does not facilitate naming 
within six seconds, the examiner shows the 


Table 1.—WAIS Performance of 
AHD, RHD, NC Groups* 


Full-Scale IQ 867 1001 110 
Verbal IQ 917 102 110 
Performance IQ 81+ 971 108 
Information 9.71 11:5 11.2 
Comprehension  7.8i 10.7 12.6 
Arithmetic 9.41 9.3 12.2 
Similarities 9.34 10.7 11.3 
Digit span 8.27 9.2 12.1 
Vocabulary 9.5f 11.0 11.7 
Digit symbol 5.8% 9.51 12.9 
Picture 

completion 8.41 10.8 
Block design 7.51 10.5 
Picture 

arrangement 7.31 7.7i 
Object 

assembly 6.37 9.3 





“AHD indicates "advanced" Huntington's dis- 
ease, three to 15 yr; RHD, "recently" diagnosed 
Huntington's disease; NCs, neurologically intact 
normal controls. 

Significantly different from both RHD and NC 
groups. 

tSignificantly different from NC group. 


next picture in the series. Two scores are 
obtained for each subject: the number of 
spontaneously named objects and the total 
number of objects named (spontaneously 
and with cues). 


RESULTS 


Performance scores on all tests 
were analyzed with the nonparamet- 
ric Mann-Whitney U statistic. All of 
the given probabilities are for two- 
tailed tests of significance. 


WAIS 


Table 1 gives the performance of 
the AHD, RHD, and NC groups on the 
11 subtests of the WAIS. The subtest 
scores have been age corrected. While 
the AHD patients’ mean full-scale and 
performance IQs were below the 
normal range (ie, below 90), the mean 
scores of the patients with RHD were 
100 and 97, respectively. 

For the full-scale IQ scores, the 
AHD group had significantly lower 
scores than did NC (P< .001) and 
RHD (P < .05) groups. The difference 
between the RHD and NC groups was 
also significant (P < .05). The verbal 
and performance IQ scores showed the 
same pattern. The AHD group had 
lower scores than the NC (P < .001) 
and the RHD (P — .05 for perform- 
ance IQ; P — .08 for verbal IQ) groups, 
and the difference between the RHD 
and NC groups on performance (but 
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Table 2.—WMS Performance of 
AHD, RHD, NC Groups* 






Memory 


Quotient 

(MQ) 787 871 115 
Information 5.31 5.8 6.0 
Orientation 4.4 4.8 4.9 
Mental control 4.81 6.2 7.5 
Logical 

memories 4.6} 6.61 10.9 
Digit span 8.91 10.8 12.5 
Visual 

reproduction A 6.7 7.6 
Associative 

learning &4f 1121 14.5 
IQ-MQ 


deviation +9.22t 12.831 —85.00 





*AHD indicates “advanced” Huntington's dis- 
ease, three to 15 yr; RHD, "recently" diagnosed 
Huntington's disease; NCs, neurologically intact 
normal controls. 

Significantly different from both RHD and NC 
groups. 

tSignificantly different from NC group. 


not verbal) IQ was also significant 
(P — .025). 

Analyses of the individual subtests 
of the WAIS showed the patients with 
AHD to be significantly impaired in 
comparison to the NC group on all 
subtests (P — .05 for the information 
subtest, P < .001 for all other sub- 
tests). The differences between the 
patients with AHD and RHD on the 
digit symbol and object assembly 
subtests were also significant 
(P < .025, P< .05, respectively). In 
contrast to the AHD-NC differences, 
the patients with RHD differed 
significantly from the NC group only 
on the digit symbol (P< .05) and 
picture arrangement (P < .01) sub- 
tests. The RHD patients’ relatively 
low mean scores on the arithmetic and 
digit span subtests were due to the 
poor performances of two patients 
and did not characterize the scores of 
the entire group. 


WMS 


Table 2 gives the results for the 
three groups on the WMS and the 
mean deviation between the patients’ 
full-scale IQs and their memory quo- 
tients (MQs). A positive-deviation 
score indicates that the IQ was higher 
than the MQ; a negative-deviation 
score indicates that the IQ was lower 
than the MQ. Like their IQ scores, the 
patients with HD had a mean MQ well 
below the normal range; however, the 
patients with RHD whose IQ scores 
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Fig 1.—Visual consonant trigrams with 
short delays. Performance of "recently" 
diagnosed Huntington's disease (RHD), 
“advanced” Huntington's disease, three 
to 15 years (AHD), and neurologically 
intact normal control (NC) groups on 
short-term memory tests with O-, 3-, 9-, and 
18-second delays. 


were all 97 or higher (ie, within the 
normal range) had a mean MQ of 87. 

The patients with AHD had signifi- 
eantly lower MQs than did the NC 
(P < .001) subjects and RHD (P < .01) 
patients. The patients with RHD also 
had significantly lower MQs than did 
the NC subjects (P — .001). 

On the individual subtests of the 
WMS, the AHD group performed 
significantly more poorly than the NC 
group on all subtests except or?enta- 
tion (information, P — .05; all other 
subtests, P — .001). None of the indi- 
vidual RHD vs AHD comparisons 
were statistically significant although 
the differences on digit span and 
visual reproduction approached sig- 
nificance (P < .07). Comparisons of 
the RHD and NC groups on the vari- 
ous subtests showed that only logical 
memories (P < .025) and associative 
learning (P < .05) significantly dif- 
ferentiated the two groups although 
the difference on mental control 
approached significance (P < .06). 
(The mental control subtest involves 
the following three timed subitems: 
counting backward from 20 to one, 
repeating the alphabet, and counting 
by three's.) 

Analyses of the IQ-MQ deviation 
scores indieated that both the AHD 
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Fig 2.—Oral consonant trigrams with short 
delays. Performance of "recently" diag- 
nosed Huntington's disease (RHD), ''ad- 
vanced” Huntington's disease, three to 15 
years (AHD), and neurologically intact 
normal control (NC) groups on short-term 
memory tests with O-, 3-, 9-, and 18- 
second delays. 


(P< .01) and the RHD (P<.01) 
groups had significantly greater (ie, 
more positive) deviation scores than 
did the NC group. 


Short-Term Memory Tests 


Figure 1 shows the results for the 
two short-term memory tasks using 
0-, 3-, 9-, and 18-second delays. While 
none of the groups made any errors 
with 0-second delays, the groups 
differed when 3, 9, and 18 seconds 
intervened between presentation and 
recall. With oral presentation of the 
consonant trigrams, the total recall 
scores of the patients with AHD were 
significantly (P < .001) lower than 
those of the NC subjects. The AHD 
group’s performance at each of the 
three delay periods (3, 9, 18 seconds) 
was also significantly poorer than 
those of the NC subjects (all 
P's < .01). While the RHD patients’ 
mean scores were lower than those of 
the NC group, only at the nine-second 
delay interval did the difference prove 
to be significant (P < .025). 

On the memory task with visual 
presentation of the consonant tri- 
grams (Fig 1) both the AHD 
(P< .001) and the RHD (P< .05) 
patients recalled fewer total letters 
than did the NC subjects. The differ- 
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Fig 3.—Oral word triads with long delays. 
Performance of "recently" diagnosed 
Huntington's disease (RHD), “advanced” 
Huntington's disease, three to 15 years 
(AHD), and neurologically intact normal 
control (NC) groups on short-term memory 
tests with O-, 9-, 18-, and 36-second 
delays. 


ence between the AHD and NC 
groups was significant at the 3-, 9-, 
and 18-second delays (all P's — .001). 
The difference between the RHD and 
NC did not approach significance at 
any of the individual delay intervals. 

Figure 2 shows the results for the 
two Peterson tasks using the 0-, 9-, 
18-, and 36-second delays. On both 
tests, the patients with AHD recalled 
fewer total items than did the NC 
subjects (P < .025). Individual com- 
parisons of the nine-, 18-, and 36- 
second delay intervals showed that 
patients with AHD performed signifi- 
cantly more poorly (P < .05) than did 
the NC patients at every delay inter- 
val except the 36-second interval with 
the word triads (P< .10). The pa- 
tients with RHD also performed 
significantly (P — .01 for consonant 
trigrams, P < .025 for word triads) 
more poorly than did the NC subjects 
in terms of total items recalled. When 
individual delay intervals with word 
triads were analyzed, the patients 
with RHD recalled significantly fewer 
items at the nine-second (P < .01) and 
18-second (P < .05) delays than did 
the NC subjects. With the consonant 
trigrams as stimulus materials, the 
patients with RHD recalled signifi- 
cantly fewer items than the NC 
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Fig 4.—Oral consonant trigrams with long 
delays. Performance of "recently" diag- 
nosed Huntington's disease (RHD), ‘‘ad- 
vanced” Huntington's disease, three to 15 
years (AHD), and neurologically intact 
normal control (NC) groups on short-term 
memory tests with O-, 9-, 18-, and 36- 
second delays. 


subjects at the 9- (P< .01), 18- 
(P < .025), and 36-second (P < .05) 
delay intervals. 


Test of Verbal Fluency 


Table 3 gives the total number of 
words produced by the three groups to 
the letters F, A, and S. Both the AHD 
(P < 001) and RHD (P< 01) pa- 
tients generated significantly fewer 
total words than did the NC subjects. 
The difference between the patients 
with AHD and RHD did not approach 
significance. 


Naming Test 


Table 3 also gives the mean number 
of pictures correctly named, both 
spontaneously and in total (sponta- 
neous naming plus naming with cues) 
by the three subject groups. None of 
the group comparisons on this test 
were statistically significant although 
the differences between the AHD 
group and the two other groups on the 
spontaneous scores approached signif- 
icance (P < .10). 


COMMENT 


The present study confirms the 
findings of previous investigations of 
general nonfocal neuropsychological 
deficits in patients with AHD.** The 


Table 3.—Performance of AHD, 
RHD, NC Groups* on Tests of 
Verbal Fluency and Naming 


AHD RHD NCs 
Verbal Fluency 17.97 28.77 48.3 
Naming 
Spontaneous 51.6 63.5 60.2 


Total 62.3 69.5 69.0 





*AHD indicates “advanced"’ Huntington's dis- 
ease, three to 15 yr; RHD, "recently" diagnosed 
Huntington's disease; NCs, neurologically intact 
normal controls. 

TSignificantly different from NC group. 


AHD group showed a severe decrease 
on full-scale, verbal, and performance 
IQ scores, on all of the subtests of the 
WAIS, on the WMS, on all four short- 
term memory tasks, and on the test of 
verbal fluency. The only task on which 
the patients with AHD performed 
within the normal range was the 
pieture-naming task. Since naming 
and aphasie disorders are common 
clinieal symptoms of presenile and 
other progressive dementias, the 
AHD patients' intact naming ability 
suggests that their intellectual deteri- 
oration is not as widespread as in 
other "dementing" disorders. Also, 
their intact naming capacity indicates 
that the AHD patients' deficits on the 
verbal fluency test are not due to a 
general language dysfunction but 
rather to the patients' previously 
noted problems with retrieval from 
long-term memory.’ Since successful 
performance on the verbal fluency 
task requires an individual to search 
his long-term memories in a systemat- 
ic manner, the AHD patients’ difficul- 
ties in generating and shifting cogni- 
tive strategies may lead to poor 
performances on this verbal fluency 
task." 

The major new contribution of the 
present investigation concerns the 
performance of the patients with 
RHD. Unlike the patients with AHD, 
the patients with RHD do manifest a 
pattern of focal cognitive impair- 
ments. Although the patients with 
RHD had significantly lower full-scale 
and performance IQs than the intact 
controls, their scores remained within 
the normal range and less than 1 SD 
(ie, less than a 15-point difference) 
below the corresponding scores of the 
controls. In fact, only two of the 11 
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WAIS subtests, digit symbol and 
picture arrangement, uncovered sta- 


tistically significant deficits in the 
performance of the RHD group. In 
contrast to this relative preservation 
of IQ scores, the patients with RHD 
were severely impaired in their mem- 
ory functions. Their subnormal MQ of 
87 was almost 2 SD below the 115 MQ 
of the NC group, and the RHD 
patients’ 12.83 positive deviation be- 
tween IQ and MQ was the largest 
deviation score of the three groups. Of 
the various tasks that comprise the 
WMS, logical memories and associa- 
tive learning, two tests that involve 
the acquisition of new knowledge, 
proved to be the most sensitive to the 
RHD patients’ memory problem. This 
difficulty in learning new material 
was also apparent on the four short- 
term memory tests. Only mild deficits 
were noted when the maximum delay 
was 18 seconds, but the overall 
performance of the patients with 
RHD deteriorated severely when 36- 
second delays were used. Apparently, 
the use of the longer maximum delay 
made the entire memory task suffi- 
ciently difficult so that the RHD 
patients’ impairments were evident 
even at the relatively short nine- and 
18-second delay intervals. 

Like the patients with AHD, the 
memory deficits of the patients with 
RHD are not limited to acquiring new 
information. While they performed 
within the normal range on the 
naming test, the patients with RHD 
were deficient on the test of verbal 
fluency. This finding indicates that 
even at this early stage in the disease 
process the patients with HD have 
severe problems in retrieval from 
long-term memory. 

It is apparent from the present 
results that the various cognitive 
impairments associated with HD do 
not develop in a uniform manner. The 
memory disorder that has been 
described in other investigations is 
evident at the time of diagnosis and 
becomes only moderately worse over 
the next five years.^' The most severe 
deterioration during the five-year 
period involves the verbal, spatial, 
arithmetic, and perceptual functions 
measured by the WAIS. This develop- 
mental finding suggests some caution 
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in the selection of patients for future 
neuropsychological studies of HD. If 
the progression of the patients’ cogni- 
tive disorder is characterized by quali- 
tative, as well as quantitative, 
changes, then generalizations from 
one study to another will depend on an 
exact specification of the stage of the 
patients’ illness. For example, it has 
been shown that the short-term mem- 
ory deficit of patients with AHD 
cannot be improved by reducing 
proactive interference or by incre- 
ments in time for rehearsal.** Wheth- 
er similar conclusions are valid for the 
memory disorders of patients with 
RHD is not known. The additional loss 
of verbal and performance capacities 
during the five years after diagnosis 
may alter the memory impairment so 
that it is resistant to improvement by 
experimental manipulations. 

These neuropsychological findings 
may have implications for the neuro- 
pathology of HD. Although it is well 
known that the disease involves atro- 
phy of basal ganglia, neocortex, and 
diencephalic-limbie structures, the 
development or sequential progres- 
sion of this pathology has not been 
studied. Given that severe memory 
deficits are present when choreic 
movements are first diagnosed, it is 
possible that atrophy of diencephalic- 
limbic structures (eg, hippocampus or 
nervus medialis dorsalis of the thala- 
mus) and the basal ganglia may 
precede deterioration of cortical asso- 
ciation areas. The sharp decline in IQ 
during the five years after diagnosis 
may indicate a relatively late involve- 
ment of neocortex. 

Finally, the present results may be 
of value in the early diagnosis of HD. 
If memory disorders are so apparent 
at the time of diagnosis, it is likely 
they are present for several years 
prior to the appearance of choreic 
movements. This suggestion receives 
support from the findings of Lyle and 
Quast.'^ These investigators analyzed 
the Bender gestalt performance of a 
large population of individuals at risk 
for HD. They found that those indi- 
viduals at risk in whom HD eventually 
developed (the test was administered 
in the 1950s) had substantially lower 
scores on this memory-for-designs 
test than did matched NCs. Although 


Lyle and Gottesman" have recently 
found that the WAIS may also make 
similar differentiations among indi- 
viduals at risk for HD, the possibility 
remains that a battery of complex 
memory tasks may serve as the most 
sensitive predictor and indicator of 
HD. 


This investigation was supported by the Veter- 
ans Administration’s Medical Research Service. 

The naming test used in this study was devel- 
oped by Drs Edith Kaplan and Harold Goodglass 
of the Boston Veterans Administration Hospital 
to diagnose anomic disorders in aphasic 
patients. 
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Decreased Spinal Cord cGMP 
in Murine (Wobbler) Spontaneous 


Lower Motor Neuron Degeneration 


Benjamin R. Brooks, MD; W. David Lust, PhD; 


John M. Andrews, MD; W. King Engel, MD 


€ Of the secondary messengers, cyclic 
guanosine monophosphate, but not cyclic 
adenosine monophosphate, was reduced 
by 80% in the cervical spinal cord and by 
56% in the cerebellum of clinically 
affected homozygote ‘“wobbler’’ mice 
compared to sex- and age-matched 
litter-mate clinically unaffected control 
mice. A neurotransmitter, gamma amino- 
butyric acid, and high-energy interme- 
diates, adenosine triphosphate and 
phosphocreatine, were not significantly 
different in affected or unaffected mice. 

(Arch Neurol 35:590-591, 1978) 


Itt studies of cyclic nucleotide 
metabolism in human cerebro- 
spinal fluid have shown decreased 
concentrations of cyclic adenosine 
monophosphate (cAMP) and cyclic 
guanosine monophosphate (cGMP)? in 
the CSF of patients with amyotrophic 
lateral sclerosis, spinal muscular atro- 
phy, and progressive bulbar palsy. The 
exact relationship of these decreased 
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concentrations of cyclic nucleotides in 
the CSF to tissue concentrations in 
the human central nervous system is 
unknown. 

An animal model of spontaneous 
lower motor neuron degeneration in 
mice—the "wobbler" mutant (wr/ 
wr)—manifests itself as progressive 
weakness and atrophy of the shoulder 
girdle, forelimb, and certain bulbar 
muscles? Pathologic changes consist 
primarily of lower motor neuron 
vacuolar degeneration that is largely 
restricted to the cervical spinal cord 
and selected brain stem nuclei.^^ The 
degeneration is transmitted by an 
autosomal recessive gene.’ Extensive 
neuropathologic,** physiologic,** and 
neurochemical’ studies have not de- 
fined a distinct biochemical defect. 

In this report, we present evidence 
that there is marked reduction in the 
tissue concentration of cGMP, but not 
cAMP, in the areas of the CNS that 
are affected by neuronal vacuolation. 
The tissue concentrations of high- 
energy phosphate intermediates and 
the putative neurotransmitter gamma 
aminobutyric acid (GABA) are not 
altered in these same areas. 


METHODS 
Mice 


The wobbler colony was derived from 
breeding stock maintained continuously 
since 1967. Eleven homozygotes (wr/wr) 


ranging in age from 1.5 to 14.6 months and 
eight possible and two confirmed heterozy- 
gotes (wr/+) ranging in age from 1.5 to 
17.4 months were used. Mice were age and 
sex matched as nearly as possible. Six pairs 
of litter-mate controls were available for 
study. In each group four males were pres- 
ent. The mean age for homozygotes 
(5.7 + 4.3 [SD] months) was not statistical- 
ly different from that (7.2 + 5.6 months) 
for unaffected controls. 


Assay Procedures 


Mice were rapidly frozen in liquid nitro- 
gen and then stored at —70 °C until cere- 
bral cortex, cerebellar wedge, and cervical 
spinal cord were dissected in a cryostat at 
—20 °C. Cyclic nucleotides (CAMP, cGMP), 
glucose, glycogen, adenosine triphosphate 
(ATP), phosphocreatine, and GABA were 
determined by methods previously de- 
scribed.’ 


RESULTS 


In all regions studied, ATP and 
phosphocreatine were not significant- 
ly different in affected compared with 
control animals (Table). The sub- 
strates glucose and glycogen were 
significantly (P < .05, two-tailed t 
test) increased in the cerebellar 
wedges of affected animals but not in 
the cerebral cortex or cervical spinal 
cord. GABA was not significantly 
different in affected as compared 
with control animals. In contrast, 
marked differences in cGMP were 
evident in the three regions studied. 
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Substrates, High-Energy Phosphate Intermediates, GABA, and Cyclic 
Nucleotides in Control and Wobbler Mice* 


A Chemical/mg of Protein Cerebral Cortex 


Glucose, nmole 
Contro! 


Wobbler 


Glycogen, nmole 
Control 


Wobbler 


ATP, nmole 
Control 


Wobbler 


Phosphocreatine, nmole 
Control 


Wobbler 


GABA, nmole 
Control 


Wobbler 
- CAMP, pmole 
Control 
Wobbler 
cGMP, fentamole 
Control 
Wobbler 


Cerebellar Wedge 


Cervical Spinal Cord 


21.5 + 1.61 


21.8 + 0.6 
20.2 + 0.6 


48.1 + 2.2 
48.7+ 24 


11.6 + 1.1 
10.2 + 0.5 


11.4 + 0.8 
12.2 + 2:3 


2,086 + 186 1,035 + 318 
907 + 1741 209 + 38i 





*Control and wobbler mice were rapidly frozen intact in liquid nitrogen and then stored at —70 °C 
until the outer 1 to 2 mm of cerebral cortex, cerebellar wedge, and cervical spinal cord were dissected 
in a cryostat at —20 °C. Tissues were extracted in 0.3N perchloric acid containing 1 mM edetic acid, 
centrifuged, and the supernatants were neutralized with potassium bicarbonate. Cyclic nucleotides, 
glucose, glycogen ATP, phosphocreatine, GABA, and protein were determined by methods previous- 


ly described.'? 
tStandard error of the mean. 
iP at least < .05 by two-tailed t test. 


In affected animals, cGMP was 
decreased by 80% in the cervical spinal 
cord (P < .01), 56% in the cerebellum 
(P< .05), and 29% in the cortex 
(P < .05). There was no difference 
between affected and control animals 
with respect to the tissue concentra- 
tion of cAMP in the areas studied. 


COMMENT 


The observation of a major reduc- 
tion in eGMP in those pathologically 
involved regions does not establish 
whether it is a cause of or a result of 
the neuronal degeneration. Of rele- 
vance is that the 80% decrease in 
eGMP content of the cervical spinal 
cord is comparable to the more than 
70% decrease in large motor neurons 
of the ventral horn as measured by 
direct counting of wobbler cervical 
spinal cords compared to clinically 
normal mice.* GABA, concentrated in 
the dorsal horn of spinal cord," is 
found unchanged in the wobbler. The 
observation of a 56% decrease of 
cGMP in the cerebellar wedge is some- 
what surprising in view of the lack of 
major histologic change in the cerebel- 
lar cortex; however, some alteration of 
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the deep cerebellar nuclei has been 
reported in wobbler mice.* For com- 
parison, the mouse “nervous” mutant 
(nr) shows a selective loss of 90% of 
the Purkinje cells during the second 
postnatal month. The content of cere- 
bellar cGMP in those mice is 
decreased by 70% compared to con- 
trols, but regions other than the cere- 
bellum were not studied." The 29% 
reduction in cerebral cortical cGMP 
may represent an involvement meas- 
urable chemically but not pathologi- 
cally, since the cerebral cortex is 
considered histologically normal. 

In contrast to the reduction of 
cGMP in the two CNS parenchymal 
degenerations discussed above is the 
accumulation of eGMP in degenerat- 
ing murine retinal photoreceptor cells 
because of a deficiency in develop- 
ment of active cGMP phosphodiester- 
ase activity. However, the eventual 
loss of the retinal photoreceptor cells 
does not result in a specific decrease 
in the tissue cGMP concentration as 
seen in the spinal cords of homozygous 
(wr/wr) mice and cerebella of homozy- 
gous (nr/nr) mice. 

Degeneration of specific neurons 


may be accompanied, pari passu, by 
selective decreases of a cyclic nucleo- 
tide, but an alternative possibility is 
that decreases in cyclic nucleotide 
content might be a critical pathogenic 
step in the destruction of the neurons. 
Pharmacologic or virologic destruc- 
tion of specific neurons might help to 
define the exact significance of cyclic 
nucleotide changes attendant on neu- 
ronal degeneration. 


This work was supported in part by the Amyo- 
trophic Lateral Sclerosis Foundation, Inc, and by 
the Muscular Dystrophy Associations of America, 
Inc. 

Donald S. Falconer, PhD, Institute of Animal 
Geneties, Edinburgh, provided the wobbler colo- 
ny used in this study. 
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Erythrocyte Metabolism 


in Muscular Dystrophy 


Moris J. Danon, MD; Wayne E. Marshall PhD; Gunseli Sarpel, MD; Akira Omachi, PhD 


è Erythrocytes from patients with Du- 
chenne’s and myotonic muscular dystro- 
phies contained more adenosine triphos- 
phate (ATP) and produced more lactate 
than did normal erythrocytes in incuba- 
tion studies conducted in vitro at an initial 
pH of 7.4. Since the same results were 
obtained in two different genetic dystro- 
phies, these metabolic variations appear 
to be secondary to the primary changes 
occurring in these diseases. Following 
ouabain treatment, ATP content in- 
creased and lactate production de- 
creased in erythrocytes from both dystro- 
phies. This result differs from one 
reported earlier in experiments conducted 
at alkaline pH. 

(Arch Neurol 35:592-595, 1978) 


major theory for the pathogenesis 

of the muscular dystrophies pro- 
poses that the cell membranes of the 
affected muscle cells become permea- 
ble to solutes as large as the soluble 
sarcoplasmic enzymes due to a genetic 
disorder.’ One possible basis for this 
change may be a lowering in the 
metabolism of the dystrophic muscle 
fibers. This is suggested by the 
increased efflux of sarcoplasmic en- 
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zymes from normal muscle fibers 
under conditions that interfere with 
cellular metabolism or with the supply 
of adenosine triphosphate (ATP) in 
vitro? It appears reasonable to 
utilize erythrocytes in pursuing these 
studies, since biochemical and patho- 
logical evidence supports the view 
that membrane changes and meta- 
bolie variations may be generalized 
phenomena that take place in various 
cell types in these genetic dystro- 
phies.' 

When Bosia et al* investigated the 
metabolism of erythrocytes obtained 
from Duchenne's muscular dystrophy 
(DMD) patients, however, glycolytic 
rate and ATP levels were found to be 
greater than the values in control red 
blood cells. These changes were asso- 
ciated with increased activity of 
certain glycolytic enzymes, notably 
hexokinase. A major objective in the 
present study was to verify these 
metabolic observations by conducting 
experiments at an initial pH of 7.4 
instead of the alkaline pH of 7.6 
employed by Bosia et al.* Other goals 
in the present study included (1) 
measurement of the same metabolic 
variables in myotonic muscular dys- 
trophy (MMD), (2) verification of the 
ouabain-induced decrease in ATP con- 
tent reported in DMD RBCs,’ and (3) 
comparison of phosphate release from 
erythrocytes of dystrophic patients 
with release from control erythro- 
cytes. The principal results bear on 


the question of whether these meta- 
bolic variations reflect primary cellu- 
lar disturbances as well as the ques- 
tion of whether the unusual ouabain 
effect can be confirmed under slightly 
different experimental circum- 
stances. 


METHODS 


Blood was drawn from DMD and MMD 
patients examined at the Neuromuscular 
Clinic of the University of Illinois Hospital, 
Chicago. Diagnosis was based on clinical, 
electromyographic, and enzymatic criteria 
(Table 1). Histologic evidence was also 
obtained from muscle and nerve biopsy 
specimens in certain cases. Controls were 
age matched whenever possible. Following 
collection in heparinized specimen tubes, 
acid-citrate-dextrose medium was added in 
amounts generally employed for the cold 
storage of blood (National Institutes of 
Health formula A). The blood was stored 
overnight at 4 °C in order to simulate the 
conditions employed by Bosia et al. 
Erythrocytes were separated by centrifu- 
gation at 800 g and 5 °C and were washed 
three times with TRIS-buffered Ringer’s 
medium containing 120 mM NaCl, 5.6 mM 
KCl, 2 mM MgCL, 1 mM Na,HPO,, 10 mM 
glucose, and 24 mM tris (hydroxymethyl) 
aminomethane (TRIS). The pH of this 
medium was adjusted to read 7.4 at 37 °C 
with a glass electrode connected to a pH 
meter. One milliliter of packed erythro- 
cytes was suspended with 2 ml of medium 
and the samples were incubated in a shaker 
at 37 °C for one, two, or four hours. Final 
pH values were generally between 7.1 and 
7.2, with no consistent difference observed 
between erythrocytes from dystrophic and 
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greater than that found in normal 
erythrocytes in both two- and four- 
hour samples. A similar difference 
was noted between the two groups 
after two hours of incubation in the 
presence of 0.1 mM ouabain. Essen- 
tially similar results were obtained 
with erythrocytes of MMD patients. 
There was no apparent correlation 


A 
L 
D 
E 
n 


Table 1.—Family History and Laboratory Data of Patients 


Serum 

CPK, IU 
Age, Family (Normal, 
yr/Sex Diagnosis* History 9 = 87) 


1/10/M DMD 2,480 
2/10/M DMD 1,160 
3/11/M DMD 1,264 
4/17/M DMD 700 
5/17/M MMD 45 


pat Patient/ 





Electromyogram 
Myopathic 
Myopathic 
Myopathic 
Myopathic 
Normal but with myotonic 


hee. HP ee OM 


he tuii [oma d 


Not done 
Not done 


6/40/M MMD 354 


7/42/M MMD 147 


8/64/M MMD 130 


discharge 

Myopathic with myotonic + 
discharge 

Myopathic with myotonic 
discharge 

Myopathic with myotonic + 
discharge 


Not done 





*DMD indicates duchenne's muscular dystrophy; MMD, myotonic muscular dystrophy. 
f- indicates that findings were compatible with diagnosis. 


Table 2.—ATP Concentrations 
in Erythrocytes From Duchenne's 
(DMS) and Myotonic Muscular 
Dystrophy (MMD) Patients and 
From Normal Individuals During 
In Vitro Incubation* 

ATP, 
umoles / ml of 
Erythrocytes 


al Nea, 
Time, Control DMD 


Ouabain hr (4) (6) 


86 + 
.80 + 
.80 + 
.88 + 
.89 + 


*The means + SEM from the number of exper- 
iments (given in parentheses) are shown. The 
age range of the donors were as follows: DMD, 6 
to 17 years; normal children, 3 to 14; MMD, 17 to 
64; and normal adults, 22 to 31 years. Cells from 
dystrophic individuals were compared with 
normal cells by the nonpaired t test. 

The two-hour value for the erythrocytes of 
normal children in the absence of ouabain was 
greater (P — .05) than the corresponding value 
in normal adult cells. The influence of ouabain 
was examined by the paired t test, and this agent 
was found to cause greater ATP values in DMD 
cells at four hours (P — .05) and in MMD cells at 
two hours (P — .01) and four hours (P — .05). 

TP < .05. 

IP < .01. 


normal individuals. No differences in 
hematocrit value were evident. 

Perchloric acid extracts of the whole 
Suspension and of the medium were 
prepared. Adenosine triphosphate’ and 
lactate measurements were performed on 
extracts of the suspensions, and lactate 
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production was caleulated for two succes- 
sive two-hour time periods. Medium and 
total suspension inorganic phosphate (P,) 
values were determined by the Fiske- 
Subbarow procedure’ and intracellular P, 
concentration was estimated by difference. 
The indirect method for assessing intracel- 
lular P; concentration was chosen since the 
direct approach would require washing of 
the cells prior to preparation of the cell 
extract, a procedure that could lead to P, 
loss if the erythrocyte membrane were 
abnormally permeable. 


RESULTS 
ATP Content 


Adenosine triphosphate values were 
basically similar after two and four 
hours of incubation in each set of 
erythrocytes examined (Table 2). The 
time zero samples were lower due to 
the brief preincubation period, which 
apparently did not permit the pre- 
viously cold-stored erythrocytes to 
achieve a steady state as was attained 
in the case of the two- and four-hour 
samples. The ATP content in erythro- 
cytes of normal children was greater 
than the content in normal adult 
erythrocytes after two hours of incu- 
bation, as reported earlier by Card 
and Brain? in freshly drawn erythro- 
cytes. Our ATP values, however, were 
not directly correlated with medium 
P, concentration as were their data. 
Thus, the higher ATP content in the 
children's erythrocytes in our studies 
was associated with a lower medium 
P; eoncentration than in normal adult 
erythrocytes (Table 3). 

The ATP content in erythrocytes 
obtained from DMD patients was 


between serum creatine phosphoki- 
nase and erythrocyte ATP concentra- 
tions in either DMD or MMD patients. 
Compared to suspensions that did not 
contain ouabain, the glycoside ele- 
vated ATP content in erythrocytes of 
both types of dystrophy. 


Lactate Production 


The amounts of lactate produced 
during the first and second two-hour 
intervals were basically the same 
when erythrocytes of either normal 
children or normal adults were incu- 
bated in vitro (Table 4). In addition, 
lactate produced by the erythrocytes 
of children was  indistinguishable 
from that produced by erythrocytes of 
adults, even though the ATP levels 
differed in the two groups (Table 2). 

Lactate production by DMD eryth- 
rocytes was greater than the produc- 
tion by normal erythrocytes during 
the first two hours of observation, but 
not during the second two hours of 
incubation. The same results were 
obtained with MMD erythrocytes. 
Ouabain decreased lactate production 
by DMD and MMD erythrocytes, 
except during the second two-hour 
period in the case of MMD red blood 
cells. In normal adult erythrocytes, 
ouabain appeared to inhibit glycolysis, 
but the data were not statistically 
significant. It was observed earlier 
that this effect is small unless special 
conditions, such as sodium loading,’ 
are employed. In children’s erythro- 
cytes, the small differences due to 
ouabain were also not statistically 
significant in our study. 

In contrast to control erythrocytes, 
DMD and MMD erythrocytes pro- 
duced less lactate during the second 
two-hour interval than the first; the 
same result was noted with DMD 
erythrocytes in the presence of oua- 
bain. In a few experiments, incuba- 
tion was carried out for a third and 
fourth two-hour interval, but no fur- 
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Table 3.—Inorganic Phosphate Concentration in Medium ([P,].) and in 
Erythrocytes ([P,],) From Duchenne's Muscular Dystrophy (DMD) Patients 
and From Normal Children During In Vitro Incubation* 


[P,]., umoles/ml 
of Erythrocytes 


Time, 
Ouabain hr Control (4) 
1.05 + .01 
1.66 + .04 
2.16 + .08 
1.62 + .04 


2.03 + .08 


DMD (5) 
1.06 + .02 
1.67 + .04 
2.19 + .07 
1.58 + .04 
2.03 + .07 


[P,],, umoles / m! 
of Erythrocytes 


Control (4) 
0.48 + .05 
046+. 
0.56 +. 
045+. 
0.55 +. 


DMD (5) 
0.53 + .04 
0.54 + .03 
0.65 + .04 
0.56 + .03 
0.60 + .04 





*Same experiments as in Table 1. Cells from dystrophic individuals were compared with normal 
cells by the nonpaired t test. None of the differences were significant. The following comparisons 
were made with paired t test. In all cases, the [P,]. values at four hours were greater than at two hours 
(P < .01). In DMD cells without ouabain, the [P,], value at four hours was greater than at two hours 
(P < .05). Ouabain caused the [P,]. values to be lower (P < .01) in all instances. 


Table 4.—Lactate Production 
by Erythrocytes From Duchenne's 
(DMD) and Myotonic Muscular 
Dystrophy (MMD) Patients and 
From Normal Individuals During 
In Vitro Incubation* 


Lactate 
Production, 
umoles /ml of 
Erythrocytes 
l 


Time, Control DMD 
Ouabain hr 


*Same experiments as in Table 1. Cells from 
dystrophic individuals were compared with 
normal cells by the nonpaired t test. The follow- 
ing comparisons were made with the paired t 
test. Lactate production during the zero-to two- 
hour period was different from that produced 
during the two to 4-hour period in DMD cells with 
(P < .05) and without (P < .05) ouabain, as well 
as in MMD cells without ouabain (P < .05). 
Ouabain lowered lactate production in DMD 
cells during the zero-to two-hour period 
(P < .01) and the two to four-hour period 
(P < .05) as well as in MMD cells during the 
zero-to two-hour period (P < .05). 

TP < .01. 


ther decrease in lactate production 
was observed with red blood cells from 
either dystrophic or normal individu- 
als. 


Phosphate Release 


Extracellular P, ([P,].) rose linearly 
over a period of four hours in every 
case (Table 3). Intracellular P, ([P;];) 
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NORMAL CHILDREN 


To oe 


NORMAL ADULTS MMD PATIENTS 
4 
2 L f 
m pet 
0 e E O 2 E 


INCUBATION TIME, hr 


DMD PATIENTS 


(Pile 
(Pi)i 


Extracellular P,-intracellular P, ratio dur- 
ing in vitro incubation of Duchenne's 
(DMD) and myotonic muscular dystrophy 
(MMD) erythrocytes and their controls. 


was generally constant over the first 
two hours and then showed a small 
increase during the final two hours. 
There was no difference between the 
[Pi]. or [P,], values of DMD erythro- 
cytes and the corresponding values in 
control erythrocytes. In the presence 
of ouabain, the [P,]. values were 
lower, indicating that less P, was 
being released in the presence of the 
glycoside from both DMD and control 
erythrocytes. This change was pre- 
viously noted in normal adult RBCs.° 

When the [P;]./[P;]; ratio was plot- 
ted (Figure), an initial rise was 
observed that may be ascribed to 
adjustments occurring during the 
temperature equilibration of erythro- 
cytes. The ratio appeared to stabilize 
by two hours of incubation in each of 
the four sets of erythrocytes shown in 
the Figure. The results obtained with 


erythrocytes from MMD patients and 
normal adults were essentially the 
same as those noted with DMD and 
normal children’s erythrocytes and 
are therefore not shown. 


Erythrocytes From Carrier Mothers 


A series of experiments was con- 
ducted to compare erythrocytes from 
DMD children and their carrier moth- 
ers. Although ATP and lactate data 
were generally lower in the erythro- 
cytes of carrier mothers, most of the 
differences were not statistically sig- 
nificant. No consistent differences 
were noted also between data ob- 
tained from carrier mothers and 
normal women. 


COMMENT 


Adenosine triphosphate content 
and lactate production were both 
greater in erythrocytes obtained from 
DMD and MMD patients than in 
control erythrocytes. With respect to 
these metabolic variations, it would 
appear that the primary change is the 
increase in lactate production, which 
is followed by a rise in ATP content in 
each of these genetic dystrophies. The 
converse situation, viz, an increase in 
ATP synthesis that leads to an 
elevated glycolytic rate, seems unlike- 
ly since a high ATP/ADP ratio would 
depress the rate-governing hexoki- 
nase and phosphofructokinase steps.'^ 
Another possibility is that ATP utili- 
zation may decrease, causing the 
nucleotide levels to rise, but, in this 
case also, the higher ATP/ADP ratio 
would tend to inhibit glycolysis. 
Finally, if ATP utilization were 
increased, the rate of lactate produc- 
tion would rise due to the decrease in 
ATP/ADP ratio. In this instance, 
however, it would seem more probable 
that the steady-state ATP levels 
would be lower or equal to the control 
value after a compensatory increase 
in ATP synthesis followed the ele- 
vated glycolytic rate. j 

The immediate factor causing the 
increase in glycolytic rate in DMD 
erythrocytes appears to be the in- 
creased activity of the rate-governing 
hexokinase enzyme, according to Bo- 
sia et al who had also observed an 
increase in glycolytic rate. It is not 
known whether the same increase in 
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hexokinase activity may be responsi- 
ble for the elevated glycolytic rate 
that we observed in MMD erythro- 
cytes. Although a higher pH” or an 
increase in [P;];"' can increase glycoly- 
sis, these changes were not noted in 
the present experiments. It may be 
recalled that erythrocytes of children 
have higher ATP levels than adult 
erythrocytes, as we have confirmed 
in this study. However, lactate pro- 
duction was the same in the red blood 
cells of normal children and adults, 
while it was elevated in both DMD 
and MMD erythrocytes. Thus, our 
findings with erythrocytes from these 
pathological states cannot be attrib- 
uted simply to the increased presence 
of cells with metabolic characteristies 
of children's erythrocytes. Bosia et al’ 
arrived at the same conclusion since a 
generalized increase in enzyme activi- 
ties was associated with erythrocytes 
of normal children, whereas DMD 
erythrocytes displayed elevated activ- 
ities in certain enzymes only. 

The nature of the primary defect in 
these genetic muscular dystrophies is 
unknown. Judging from various crite- 
ria, it would appear that the etiologies 
are different. For example, DMD is 
associated with male children and is 
transmitted in an X-linked, recessive 
manner, whereas MMD is associated 
with children and adults of both sexes 
and is autosomal dominant in its 
transmission. The similarities in the 
metabolic results obtained in this 
study indicate, therefore, that these 
variations are secondary changes that 
follow different primary alterations. 
Since mammalian erythrocytes are 
anuclear and also contain no ribo- 
somes, the elevated enzyme concen- 
trations, in DMD erythrocytes at 
least, must have developed while these 
cells were undergoing differentiation 
in the bone marrow. 

Another objective in these experi- 
ments was to determine whether 
ouabain might cause a decrease in 
ATP concentration in DMD erythro- 
cytes, as noted by Bosia et al: This 
result was of particular interest 
because this agent had been reported 
to activate rather than inhibit adeno- 
sine triphosphatase (ATPase) activity 
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in ghosts prepared from DMD ery- 
throcytes.'* Our results indicated that 
there was either an elevation or no 
change in ATP content of both DMD 
and MMD red blood cells in the 
presence of the cardiac glycoside, in 
contrast to the observation of Bosia et 
al, who observed a lower ATP content 
in DMD erythrocytes than in the 
controls. The basis for the discrepancy 
is not clear because both laboratories 
observed similar findings with respect 
to the greater ATP content and 
lactate production in DMD cells than 
in control erythrocytes. With an 
initial pH of 7.4 in our study instead of 
the pH of 7.6 maintained by Bosia et 
al, it would appear that the action of 
ouabain on DMD and MMD cells is the 
classic one observed in normal cells, 
viz, inhibition of Na,K-ATPase pump 
and consequent reduction in ATP 
utilization. In accordance with our 
results; potassium influx into DMD 
erythrocytes has been reported to be 
inhibited by ouabain.? Also, sodium 
efflux from MMD erythrocytes is 
blocked by this agent although potas- 
sium influx is not affected in these 
cells." 

A final goal in this study was to 
determine whether a change in phos- 
phate permeability might be detecta- 
ble in our system. When human RBCs 
are incubated in vitro at a pH of 7.3 or 
lower, 2,3-diphosphoglycerate is bro- 
ken down steadily'^'* and P, is ulti- 
mately released into the medium 
passively.” The constancy of the [P,]./ 
[Pi]; ratio at two and four hours (Fig- 
ure) suggests that the rate of P, equil- 
ibration between intracellular and 
extracellular compartments is rapid 
compared to the rate of 2,3-diphospho- 
glycerate degradation to 3-phospho- 
glycerate and P,. Thus, a change in P, 
permeability may not have been 
readily detectable in our experiments 
because the rate of P, appearance in 
the medium could have been limited 
by the rate of 2,3-diphosphoglycerate 
degradation. The lower [P,]. concen- 
trations observed in the presence of 
ouabain (Table 3) do not necessarily 
indicate, therefore, that a decrease in 
permeability is present. This result 
demonstrates, in addition, that ATP 


degradation contributes its share to P, 
release from the cell. 
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Auditory Brain Stem Potentials 


in Chronic Alcohol Intoxication 
and Alcohol Withdrawal 


Nai-Shin Chu, MD; Kenneth C. Squires, PhD; Arnold Starr, MD 


e Auditory brain stem evoked re- 
sponses were studied in unrestrained rats 
during periods of acute and chronic alco- 
hol intoxication, alcohol withdrawal, and 
recovery. Acute alcohol administration 
altered the auditory brain stem potentials 
by a prolongation of both peak latency 
and central conduction time, beginning 
with early peaks. Similar but lesser effects 
affecting only the latter peaks were 
observed during chronic alcohol intoxica- 
tion. By contrast, alcohol withdrawal 
resulted in a decrease in the peak laten- 
cies of auditory brain stem potentials and 
a facilitation of central conduction time. 
Recovery of the auditory brain stem 
potentials to the normal form required at 
least three to four weeks. The present 
study provides the first quantitative data, 
to our knowledge, on manifestations of 
alcohol tolerance and withdrawal. 

(Arch Neurol 35:596-602, 1978) 


ensory evoked cortical potentials 
have been used on a number of 
occasions to study the effects of alco- 
hol on the central nervous system. In 
animal studies, auditory cortical po- 
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tentials have been shown to be 
reduced in amplitude by alcohol 
administration in moderate to high 
dosages.'* Similar amplitude de- 
creases for cortical potentials have 
been reported for visual and somato- 
sensory stimulation.'^* 

With human subjects, Gross et al 
found a significant reduction in the 
amplitude of auditory cortical poten- 
tials for blood alcohol levels ranging 
from 40 to 150 mg/dl, with no change 
in peak latencies. Soveri and Fruh- 
storfer,? however, reported increased 
latencies for auditory cortical poten- 
tials as well as decreased amplitudes. 
Cortical potentials recorded over the 
association cortex in response to 
visual stimulation were also reduced 
in amplitude’; however, potentials 
recorded over the primary visual 
cortex were unchanged by low to 
moderate doses of alcohol." Somato- 
sensory potentials elicited by electri- 
cal stimulation of peripheral nerves 
were also reduced in amplitude,' ^" 
although the potentials thought to 
originate in the primary sensory area 
were unchanged.: ^ 

At subcortical levels, there is a 
consensus that alcohol depresses 
evoked potentials recorded from the 
reticular formation for all sensory 


modalities.-** Within the primary 
sensory pathways the results are less 
consistent. Reduction in evoked elec- 
trical activity to auditory stimuli in 
the inferior colliculus have been 
reported*; however, visually evoked 
potentials in the lateral geniculate 
and potentials recorded from the 
somatosensory thalamic nuclei were 
not changed.'-^^ 

While it is clear that alcohol signifi- 
cantly alters brain functions, particu- 
larly at the cortical level and in the 
reticular formation,'? the specific sen- 
sory pathways appear to be only mild- 
ly or variably affected. Further inter- 
pretation of these results is difficult, 
due primarily to the fact that simulta- 
neous recordings from all of the brain 
structures involved in the ascend- 
ing transmission of sensory-elicited 
events were not done. Thus, specific 
sites of alcohol action cannot be deter- 
mined. Recently, however, techniques 
have been developed for recording 
ascending activity that can be used to 
alleviate this problem for the auditory 
system. 

Auditory brain stem potentials, 
which are presumed to be the “far- 
field" reflection of electrical events 
generated in the brain stem auditory 
pathway, can be recorded with com- 
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puter averaging techniques from 
scalp electrodes. They consist of a 
series of seven positive waves of 
submierovolt amplitude within the 
first 10 m/s following a click stimula- 
tion. The first peak in the waveform 
probably represents the compound 
action potentials of the auditory 
nerve, and the other peaks have been 
attributed to the subsequent ascend- 
ing and probably overlapping activity 
in eochlear nucleus, superior olive, 
lateral lemniscus, and inferior collicu- 
lus.'^?* Thus, the sequential activation 
in the auditory pathway can be 
analyzed by recording auditory brain 
stem potentials. This recording tech- 
nique has proved to be extremely 
useful in detecting brain stem dys- 
functions or lesions in neurological 
diseases''^'* and in supplementing the 
other methods for determining brain 
death.'!7:2° 

We have undertaken to study the 
effect of chronic alcohol intoxication 
and alcohol withdrawal on the audi- 
tory brain stem evoked responses for 
several reasons: (1) previous study 
suggests that alcohol may affect the 
auditory sensory transmission at the 
brain stem level, as indicated by a 
reduction of evoked potentials in the 
inferior colliculus*; (2) symptoms and 
signs of brain stem dysfunction are 
prominent in acute and chronic alcohol 
intoxication; (3) we have found in rats 
that acute alcohol intoxication pro- 
duces a significant and progressive 
prolongation of auditory brain stem 
potential peak latencies, suggesting 
the depressive effect of aleohol on the 
sensory transmission within the pri- 
mary auditory pathway; and finally 
(4) while studying alcohol withdrawal 
seizures, we have found that the rats 
became extremely sensitive to acous- 
tie stimuli, and the majority of alcohol 
withdrawal seizures are audiogenic. 
Thus, there is reason to believe that 
the auditory system is particularly 
sensitive to the action of alcohol in 
acute and chronic alcohol intoxication 
as well as during an alcohol withdraw- 
al period. 


METHODS 


Sixteen adult Sprague-Dawley rats, 
weighing 200 to 250 g each, were used. 
With the animals under ketamine anesthe- 
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sia (125 mg/kg administered intraperito- 
neally), two screw electrodes were placed 
symmetrically over the dura through the 
skull at Z mm caudal to the coronal suture 
and 5 mm lateral to the midline, with a 
reference electrode placed at the frontal 
sinus. A polyethylene tubing of 1.22 mm in 
diameter was led through the nostril bone 
to the stomach, and the other end was 
secured to the skull with dental cement. At 
least one week was allowed for recovery 
from the surgery before the study of audi- 
tory brain stem evoked potentials was 
conducted. 

Auditory brain stem potentials were 
obtained from the rats while they were 
unrestrained inside a 25 x 50 x 15-em 
plastic cage. The cage and the preamplifi- 
ers were housed in a large sound-attenuat- 
ing chamber with a one-way window for 
continuous visual observation. Preliminary 
experiments indicated that the rats would 
adopt a fixed position in the cage after 
several minutes of exploration. The audi- 
tory stimuli were clicks of 0.1 m/s in dura- 
tion delivered at a repetition rate of 10/sec 
via an overhead speaker 30 cm above the 
center of the cage. Two stimulus intensi- 
ties were used: 65 dB and 45 dB above the 
threshold for normal human hearing. 
Sound pressure testing at different points 
within the plastic cage showed a maximum 
variation of only +1 dB. The brain electri- 
cal activity was amplified 10,000 times 
with a band-pass of 35 to 10,000 Hz, and 
averaged evoked potentials were summed 
over 1,024 click presentations for a 10-ms 
period following the stimulation. The aver- 
aged brain stem potential waveforms were 
then plotted on paper with an X-Y plotter. 
Duplicate waveforms were collected in 
each condition. 

Auditory brain stem responses were 
obtained from each animal sequentially in 
the following order: (1) normal control 
recording, (2) acute alcohol intoxication, (3) 
alcohol intoxication during chronic alcohol 
intake, (4) alcohol withdrawal, and (5) 
recovery from chronic alcohol intoxica- 
tion. 

The rats were individually caged, with 
free access to food and water, in a room 
with a 12-hour dark-and-light cycle. One 
day prior to the beginning of chronic alco- 
hol feeding, the recordings were taken in 
the control and acute alcohol conditions. In 
the latter, alcohol at a dose of 2 to 3 g/kg 
was given via the nasogastric tube and the 
recording begun 45 minutes to one hour 
following alcohol administration. The alco- 
hol solution was prepared as 20% W/V ina 
liquid diet containing fats, proteins, carbo- 
hydrates, vitamins, and minerals (Isocal). 
This alcohol dosage yields a blood alcohol 
level of 100 to 150 mg/dl 45 minutes after 


administration. For chronic alcohol feed- 
ing, the initial dose was 3 g/kg/day, and 
was followed by a daily increase of 1 g/kg 
until a maintenance dose of 7 to 8 
g/kg/day was reached. The alcohol was 
given in a single dose when the dosage was 
3 g/kg/day. Twice daily, half doses were 
given—4 to 5 g/kg/day of alcohol. At the 
maintenance dose, the rats were given 
three one-third doses of alcohol per day. 
The schedule for alcohol feeding was as 
follows: 8 AM for one dose; 8 AM and 5 PM for 
two doses; and 8 AM, 12 AM, and 5 PM for 
three doses. A gradual increase in alcohol 
dosage is necessary for the development of 
aleohol tolerance and the withdrawal 
syndrome. Chronic alcohol feeding was 
continued for two weeks, and then alcohol 
was abruptly withdrawn. The rats would 
usually develop convulsions within the 
period of 12 to 24 hours following the last 
doses of alcohol, and during this withdraw- 
al period the rats exhibit maximal sensitiv- 
ity to auditory stimuli. Brain stem evoked 
potentials were recorded two to four days 
prior to the termination of chronic alcohol 
feeding, and again during the withdrawal 
period of maximal auditory sensitivity. In 
the chronic condition, brain stem potentials 
were recorded 45 minutes to one hour 
following administration of an alcohol dose 
of 2to 3 g/kg as in the acute condition. The 
auditory brain stem potentials were also 
studied for two to eight weeks after 
chronic alcohol feeding was terminated in 
order to study the course of recovery. 

The auditory brain stem potential wave- 
forms were analyzed in terms of altera- 
tions in peak amplitude, peak latency, and 
central conduction time. Paired t tests 
were used to compare normal with various 
phases of alcohol feeding. Since no differ- 
ences were noted between the potentials 
recorded from the left and right electrodes, 
mean values for the two electrodes were 
used in the analyses. 


RESULTS 
Clinical Observation 


During chronic alcohol intoxication, 
the rats exhibited lethargy or stupor, 
impairment of righting reflex, moder- 
ate ataxia, and a decreased response 
to noxious stimuli. With termination 
of alcohol feeding, the rats first went 
through a depressive phase similar to 
that of acute or chronic alcohol intoxi- 
cation, folowed by a withdrawal 
phase during which the rats progres- 
sively became more sensitive to audi- 
tory stimulation, exhibited mild atax- 
ia, intermittent arching posture, ste- 
reotype mouthing movements, and, 
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sometimes, “wet-dog shaking.” The 
rats also showed restlessness and 
heightened locomotor activity, pilo- 
erection, and mild hyperventilation, 
and sometimes tended to assume a 
crouched posture. The depressive 


phase usually lasted eight hours 


following the last alcohol dose, and the 


`` withdrawal phase for the following 


ten to 36 hours. The majority of the 
withdrawal seizures seen during this 
time were audiogenic and were most 
easily elicited by jingling the keys 
over the cage cover, as first described 
by Flack et al.” On the jingling of the 
keys, the rats would immediately 
appear to be apprehensive or startled, 
which was followed by circling move- 
ments, and then tonic-clonic convul- 
sion, usually lasting 10 to 30 seconds. 
Postictally, the rats usually assumed a 
crouched posture with “spaced-out” 
appearance for a few minutes. Emerg- 
ing from the postictal state, the rats 
would exhibit intermittent myoclo- 
nus-like jerking of forelimbs or ster- 
eotype mouthing movements. 


Auditory Brain Stem Potentials 


The auditory brain stem potentials 
were remarkably consistent over the 
extended period of testing. Figure 1 
shows the data from one animal in all 
five conditions. The waveforms con- 


. sisted of seven positive peaks (labeled 


by Roman numerals) that except for 
peak VI, were clearly identifiable for 
all animals. Peak VI was quite vari- 
able (Fig 1); consequently, no data 
regarding it will be presented. 

In addition to the auditory brain 
stem potentials, a cochlear micro- 
phonic potential could be identified in 
the waveforms for a majority of the 
rats. The presence of the cochlear 
microphonic proved to be very useful 
in the analysis of the latencies of the 
brain stem potential peaks. Since the 
rats were unrestrained, the position 
and orientation of the head was not 
fixed relative to the speaker; conse- 
quently, slight variations in the laten- 
cy of the auditory brain stem poten- 
tials were possible due to variation in 
air conduction time of the acoustic 
stimulus. The exact time of arrival of 
the acoustic stimulus could, however, 
be determined from the latency of the 
cochlear microphonic, since the coch- 
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Fig 1.—Auditory brain stem potentials of a representative rat during normal control 
period, acute alcohol intoxication, alcohol intoxication during chronic alcohol feeding, 
alcohol withdrawal, and recovery from chronic alcohol intoxication (seven weeks after 
withdrawal). Seven positive peaks are identifiable, as designated by Roman numerals. 
CM represents cochlear microphonic potential. 


Table 1.—Latencies of Auditory Brain Stem Potential Peaks in Rats 
During Control Period, Chronic Alcohol Intoxication, and Alcohol Withdrawal* 


Normal 1.72 + .08 2.01 
Chronic 1.73 + .09 2.03 
Withdrawal 1.61 + .10§ 1.86 





*Values represent means and standard deviations of ten rats in milliseconds after stimulus. 

+Roman numerals represent the positive peaks of auditory brain stem potential as designated in 
Fig 1. 

IP <..05. 

$P < .01. 
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Table 2.—Central Conduction Times From Peak | to Subsequent 
Peaks of the Auditory Brain Stem Potential in Rats During Control 
Period, Chronic Alcohol Intoxication, and Alcohol Withdrawal* 
















65 dB 
Normal 0.30 + .05 0.91 + .06 1.40 + .05 2.32 + .06 4.17 + 12 
Chronic 0.31 + .05 0.95 + .05 1.43 + .06 2.44 + .09} 432+ .171 
Withdrawal 0.27 + .04§ 0.87 + .05§ 1.36 + .06f 2.23 + .06f: 4.03 + 121 
45 dB 
Normal » al 0.89 + .06 1.39 + .06 2.30 + .09 4.17 + .19 
Chronic 0.88 + .07 1.42 + .07 2.40 + O9§ 4.36 + .24§ 
Withdrawal 0.84 + 0.7§ 1.35 + .07§ 2.22 + .10§ 4.06 + .20 






*Values represent means and standard deviations of 13 rats in milliseconds. 

TRoman numerals represent positive peaks of auditory brain stem potential as designated in 
Fig 1. 

IP < .01. 

$P < .05. 

||Peak II was often not clearly identified at 45 dB stimulation. 
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Fig 2.—Changes in mean peak latency of auditory brain stem potentials of ten rats during 
chronic alcohol intoxication and alcohol withdrawal period. Changes are expressed as 
difference in peak latency in milliseconds between normal and experimental conditions, 
with positive numbers indicating increase in peak latency and negative numbers 
indicating decrease. Click intensity was 65 dB above normal human hearing threshold. 
One asterisk represents P — .05, and two asterisks P — .01. Note that during chronic 
alcohol intoxication, prolongation of peak latency was significant for peaks V and VII, 
whereas during alcohol withdrawal, shortening of peak latency was significant for all 
peaks. 
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lear microphonic coincides with the 
deflection of the basilar membrane. 
Thus, in Fig 1 the waveforms have 
been aligned according to the cochlear 
microphonic latency in the normal 
control condition in order to eliminate 
latency variation in air conduction 
time. Whenever absolute latencies are 
reported, the values are for the ten 
rats with clear cochlear microphonic 
potentials and the latencies have been 
adjusted so that the cochlear micro- 
phonic potentials in all conditions 
coincided. 

In addition to absolute latency 
measurements, the relative latencies 
of each peak were analyzed with 
respect to the latency of peak I. These 
measures of "central conduction time” 
within the auditory system are very 
useful because they are essentially 
invariant over a wide range of stimu- 
lus intensities, whereas the absolute 
latencies are quite sensitive to stimu- 
lus intensity. Thus, changes in central 
conduction time across conditions can 
reliably be attributed to changes in 
brain stem functions, in this case 
brought about by alcohol, independent 
of possible acoustic input changes. 
Since the central conduction time 
measurements do not require certain 
knowledge as to the time of stimulus 
arrival, the data for all rats, including 
those without clear cochlear micro- 
phonic potentials, were used. 

When alcohol was first adminis- 
tered to the rats, the primary altera- 
tion in the auditory brain stem poten- 
tials was a prolongation of the peak 
latencies relative to normal. The mag- 
nitude of this prolongation progres- 
sively increased for each succeeding 
peak, as shown in Fig 1 (acute). For 
the five rats tested in the acute condi- 
tion, there was a significant increase 
in the absolute latencies and central 
conduction times for peaks II through 
VII relative to the control condition 
(P < .05). These results indicate that 
alcohol has a depressive effect on 
brain stem auditory transmission. 

Thirteen rats were tested following 
two weeks of chronic alcohol adminis- 
tration. During this stage, the dosage 
of alcohol (2 to 3 g/kg), which in the 
acute condition produced an increase 
in the latencies and central conduction 
times for peaks II through VII, 
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produced significant increases only 
for peaks V and VII (Tables 1 and 2). 
The progressive nature of the latency 
and central conduction time increases 
are illustrated in Fig 2 and 3. As can 
be seen for the central conduction 
times shown in Fig 3, the effect of 
alcohol was similar for the two stimu- 
lus intensities tested. Absolute laten- 
cies could not be determined at the 
lower intensity (45 dB) because the 
cochlear microphonic was too small to 
be reliably measured. Thus, it appears 
that following prolonged alcohol in- 
take the effect of alcohol, while quali- 
tatively similar to that found under 
intoxication, is less pro- 
nounced. 

The effect of alcohol withdrawal on 
the auditory brain stem potentials 
was a striking reversal over that 
found under alcohol intoxication (Fig 
1). As shown in Fig 2 and Table 1, all 
peak latencies were significantly 
shorter than those found in the 
normal condition. Likewise, the short- 
ening of central conduction time was 
significant for all peaks (Fig 3 and 
Table 2). 

Five rats were followed up during 
the recovery period following alcohol 
withdrawal. As late as three to four 
weeks after the last alcohol dosage, 
four of the five rats still showed 
slightly shortened peak latencies rela- 
tive to normal. This effect was absent 
by eight weeks. Thus, recovery from 
chronic alcohol administration, as re- 
flected in the auditory brain stem 
potentials, appears to be a lengthy 
process. 


COMMENT 


Several conclusions can be drawn 
from the results of this study. First, 
aleohol has widespread effects on the 
central auditory pathways. In the 
acute condition, alcohol significantly 
increases the latency of the brain 
stem potential peaks starting with 
peak II and yields progressively 
increasing central conduction times 
for successively later peaks. This 
suggests that acute alcohol ingestion 
depresses auditory sensory transmis- 
sion within the CNS. 

Second, a tolerance to the effect of 
alcohol on transmission occurred dur- 
ing chronic intake. An equivalent alco- 
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Fig 3.—Changes in mean central conduction time of auditory brain stem potentials of 13 
rats during chronic alcohol intoxication and alcohol withdrawal period. Central conduc- 
tion time is measured in milliseconds from peak | to subsequent individual peaks. 
Changes are expressed as difference in central conduction time in milliseconds between 
normal and experimental conditions, with positive numbers indicating increase in central 
conduction time and negative numbers indicating decrease. Effects of two stimulus 
intensities, 45 and 65 dB above normal human hearing threshold, are presented. One 
asterisk represents P < .05, and two asterisks P < .01. Prolongation of central conduc- 
tion time of peaks | through VII for 45 dB stimulation in alcohol withdrawal is not 
significant because of large degree of variation. 


hol dose yielded less pronounced 
effects on the auditory brain stem 
potentials during chronic alcohol in- 
toxication than during an acute alco- 
hol intoxication. Only the latest peaks 
(V and VII) were significantly de- 
layed in the chronic condition, where- 
as in the acute condition peaks II 
through IV were delayed. 

Third, during alcohol withdrawal 
there was a facilitation of transmis- 
sion in the central auditory system. 
The facilitation may have taken two 
forms: a peripheral change in stimulus 
effectiveness that yielded an overall 
decrease in peak latencies beginning 


with peak I, and a central change that 
yielded decreased central conduction 
times. The second mechanism appears 
to be essentially the reverse of that 
found during alcohol intoxication. The 
mechanism for the  intensity-like 
change remains obscure; however, 
several possibilities exist, including 
changes in middle ear muscle activity, 
receptor sensitivity, or efferent ef- 
fects on the inner ear. 

The most striking aspect of these 
alcohol-related changes in auditory 
brain stem activity is that they 
mirrored the clinical observations. 
During acute alcohol administration, 
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Fig 4.—Effect of stimulus intensity on auditory brain stem potentials of a representative 
rat, during normal control, acute, and chronic alcohol intoxication. Solid line represents 
auditory brain stem potentials obtained with click intensity of 65 dB above normal human 
hearing threshold; broken line, 45-dB click stimulation. Note that during acute and 
chronic alcohol intoxication, there was no appreciable changes in amplitude of auditory 
brain stem potentials as compared to that in normal control recording. However, there 
was decrease in amplitude when stimulus intensity was reduced in both acute and 


chronic alcohol intoxication. 


the rats uniformly exhibited signs of 
significant intoxication, whereas in 
the chronic condition they appeared to 
be less affected. Similarly, the depres- 
sive effect on the brain stem auditory 
transmission was less marked. During 
withdrawal, on the other hand, the 
rats were hyperexcitable and audio- 
genic seizures were often elicited by 
jingling of keys, and the auditory 
brain stem potentials seemed to 
reflect this increased excitability or 
increased auditory sensitivity. 
Finally, the recovery time for the 
auditory brain stem potentials to 
reach normal, prealcohol latencies was 
remarkably long. Appreciable latency 
decreases were found for most rats 
tested during recovery for three to 
four weeks after the last alcohol dose, 
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although the latency decreases were 
significantly less than during the 
immediate withdrawal phase. The 
alcohol effects, however, were absent 
by eight weeks after withdrawal. 

It is highly unlikely that the 
changes in central conduction time 
under acute and chronic alcohol intox- 
ication were due to changes in stimu- 
lus intensity because of variations in 
head position. In all three conditions 
(normal, acute, and chronic), central 
conduction time was not altered by 
reducing the signal intensity by 20 dB 
(Table 2). Furthermore, there were no 
significant changes in the peak-to- 
peak amplitudes of the auditory brain 
stem potentials in the acute and 
chronie conditions as compared to 
normal, whereas the amplitude was 


reduced when lowered stimulus inten- 
sity was given (Fig 4). 

Previous studies have shown that 
alcohol predominantly affects the 
reticular activating system and cere- 
bral cortex while the primary sensory 
pathways are relatively spared.'* 
However, our previous and present 
studies strongly suggest that alcohol 
ingestion and withdrawal affect the 
primary auditory pathways; these 
effects can be appreciated even in the 
most peripheral part of the auditory 
system, as indicated by the change in 
lateney in peak I in withdrawal and 
the change in conduction time be- 


tween peak I to II in both alcohol . 


intoxication and withdrawal. Whether 
this peripheral effect of alcohol is due 
to changes in middle ear muscle activ- 
ity, receptor sensitivity, or auditory 
nerve transmission is not clear from 
this study and further investigation is 
needed. Also, the sites of central 
action of alcohol are not clear. Howev- 
er, since there is a progressive prolon- 
gation of subsequent peak latencies of 
the auditory brain stem responses 
with concomitant progressive increase 
in central conduction time, alcohol 
appears to exert a more pronounced 
depressive effect when more synapses 
or central connections are involved in 
auditory transmission. 

Since sites of sequential activation 
of auditory transmission in the brain 
stem can be analyzed by brain stem 
auditory evoked response, this method 
has been used for the detection of 
brain stem lesions in neurological 
diseases.'*'’ It is conceivable that the 
auditory brain stem response can be 
used to differentiate uncomplicated 
alcohol intoxication from other neuro- 
logical complications associated with 
alcoholism where structural lesions 
are present, such as in the Wernicke- 
Korsakoff syndrome and central pon- 
tine myelinolysis. Presumably, in the 
former condition, only changes in 
peak latency and central conduction 
time of the auditory brain stem 
response will be observed, but the 
waveforms will remain relatively un- 
changed, whereas in the latter condi- 
tion, distortion and even absence of 
components of the auditory brain 
stem response will be present, as 
previously reported.''^** 
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The shortening of peak latencies 
and central conduction time of the 
auditory brain stem response during 
alcohol withdrawal is striking. This is 
the first quantitative data indicating 
the electrophysiological concomitant 
of increased sensitivity to sensory 
stimulation during alcohol withdraw- 
al. The progressive shortening of peak 
latency and central conduction time of 
the auditory brain stem response also 
suggests increased facilitation on the 
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auditory transmission where more 
synapses or connections between 
brain stem relay nuclei are involved. 
During alcohol withdrawal, an in- 
creased cortical excitability is shown 
by a decreased threshold for seizures 
by pentylenetetrazol in animals? and 
an increase in photosensitivity in 
humans.” Since this study also indi- 
cates an increased sensitivity to audi- 
tory stimulation within brain stem 
auditory pathways, it is conceivable 
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A Study of Two Boys Presumably Suffering From Lysosomal Disease 


€ Two unrelated boys, 12 and 9 years 
old, suffered from a diffuse cerebral 
disease that followed a parallel, subacute 
course. Mental regression, loss of hearing 
and vision, spastic-ataxic and pseudobul- 
bar disturbances, and atrophy of the optic 
nerves occurred in both. Enzyme studies 
and the liver biopsy of one of the patients 
suggest a “lysosomal disease." The hall- 
mark of both patients is the striking simi- 
larity of the cerebral scintigraphy and the 
computerized axial tomography (CT). Ce- 
rebral scintigraphy showed annular and 
crescent-shaped areas of increased ra- 


he potential contribution of com- 

puterized axial tomography (CT) 
and cerebral scintigraphy to the diag- 
nosis of metabolic brain disease in 
childhood is not yet clear. Reports are 
scarce and the two methods have not 
been compared. 
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Fig 1.—Liver scintigraphy, case 1. Storage of technetium TC 99m 
in sulfur colloid spleen was increased. (Shift of detector is 
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dioactivity in the parietooccipital region. 
The CT indicated bilateral, symmetric 
bands of elevated density after contrast 
enhancement in the paraventricular white 
matter in the same region. These findings 
and the neurologic symptoms are compat- 
ible with leukodystrophy. Thus cerebral 
scintigraphy and CT appear to be useful 
aids in the diagnosis of metabolic brain 
disease. Computerized axial tomography 
is preferred for distinguishing whether 
lesions are in white or gray matter. 
(Arch Neurol 35:603-607, 1978) 


REPORT OF CASES 


Case 1.—A 12-year-old boy with minimal 
brain dysfunction performed at a slightly 
retarded level in school with the help of 
remedial teaching. His activities were 
otherwise normal and he was in good 
general health until February 1976. At that 
time progressive loss of hearing and vision 
was noticed, soon followed by intellectual 
regression, apathy, and unsteady move- 
ments. One generalized epileptic seizure 
occurred. Sporadic headache and vomiting 
were reported. In June 1976 a neurosur- 
geon found a spastic-ataxic syndrome, 
predominantly of the legs. Pneumography 
and cerebral angiography did not give 
evidence of a tumor. In the subsequent 
months a spastic-ataxic tetraparesis ad- 
vanced and dysarthria and severe loss of 


responsible for difference between right and left.) 
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vision became evident. In April 1977 he 
could neither move nor see. Hearing 
seemed much impaired and speech was 
minimal. There was a pseudobulbar syn- 
drome. The optic discs were pale. 

Routine urinalysis and results of blood 
studies were normal. The liver function 
studies were as follows: bilirubin 4 uumol/ 
liter; SGOT, 8 units/liter; SGPT, 4 units/ 
liter; lactic dehydrogenase (LDH), 168 
units/liter; and y-glutamyl transferase 
screening tests, 18 units/liter. None were 
elevated. Results of urine screening tests 
for common metabolic errors were normal. 
The CSF was acellular, with a protein 
content of 125 mg/ml (normal, 15 to 45 
mg/dl). The agar-electrophoresis was nor- 
mal. 

Electroencephalography showed severe 
abnormalities predominantly on the right 
side, consisting mainly of low-frequency 
activity with sharp waves and spikes in the 
right central area. 

Liver scintigraphy (technetium Te 99m 
sulfur colloid) was performed. The liver 
and spleen were not enlarged. The distri- 
bution of the radioactivity was normal in 
both organs. However, the storage of tech- 
netium Te 99m sulfur colloid in the spleen 
was increased (Fig 1). This phenomenon is 
attributed to diffuse loss of function of a 
considerable part of the reticuloendothelial 
system of the liver. 

CasE 2.—A 9-year-old boy was entirely 
normal and did well at school until April 





Fig 2.—Liver scintigraphy, case 2. Liver and spleen are enlarged. 
(Black spots indicate xyphoid and left costal angle.) 
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1976, when he became irritable and his 
schoolwork deteriorated. A progressive 
hearing loss was noted. In September 1976 
the neurologic examination showed a left- 
sided ataxia and bilateral Babinski signs. 
There was a sensory neural hearing loss of 
30 dB. He was friendly but rather inatten- 
tive, and his learning capacities were mini- 
mal. Results of a general examination were 
normal. Liver and spleen were not 
enlarged. In the subsequent months, loss of 
vision, general ataxia, and dysarthria 
developed. In November 1976 an epileptic 
seizure occurred. In April 1977, one year 
after the first symptoms, the mental and 
motor capacities were severely reduced. He 


Ix 


" 


K A i . 


Fig 3.—Liver: vacuoles, containing triglycerides. (Oil red O counterstained with hemalum, 


x 160). 
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was blind and nearly deaf. Articulation and 
deglutition were moderately impaired. 
Routine urinalysis and results of blood 
studies were normal. The liver function 
studies were as follows: bilirubin, 10 umol/ 
liter; alkaline phosphatase, 64 units/liter; 
SGOT, 13 units/liter; SGPT, 4 units/liter; 
and LDH 188 units/liter. None were 
elevated. The cortisol production rate was 
normal, 7 mg/24/hr (tetrahydrocortisol, 8; 
tetrahydrocortisone, 6). The excretion of 
radioactivity measured 75%. Results of 
urine screening tests for common meta- 
bolic errors were normal. The CSF 
contained 5 leukocytes per cubic millimeter 
and a protein value of 84 mg/100 ml. The 
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Activities From Leukocytes of 








No. of 

Control Persons 

Case 1 Case 2 (Mean — SD) Studied 
a-L-fucosidase 39-41 64 93 + 19 50 
a-D-mannosidase 131-139 357 350 + 116 23 
Arylsulfatase AT 92 98 109 + 28 20 
B-D-galactosidase (pH 4.4) 247 323 219 + 50 14 
a-D-galactosidase 60 84 68 + 16 24 
N-acetyl-B-D-glucosaminidase A 1,325 1,569 1,281 + 299 19 
Acid phosphate 2,570 3,818 3,700 + 2,200 21 











*Enzyme activity is defined as nanomoles per milligram of protein per hour. 

fThese enzyme activities are defined as nanomoles p-nitrocatechol per milligram protein per 
hour. 

{These enzyme activities are defined as nanomoles p-nitrophenol per milligram protein per 16 
hours. 

§ND = not detected. 
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agar-electrophoresis was normal. Electron 
cephalography showed severe generalized 
abnormalities, predominantly in the poste- 
rior areas, consisting partly of low- 
frequency activity, partly of fast activity 
with large amplitude, and sporadically of 
poly spike waves. Roentgenograms of the 
skull, electroretinography, and motor and 
sensory nerve conduction velocities were 
normal. 

Liver scintigraphy (technetium Tc 99m 
sulfur colloid) showed enlargement of the 
liver and spleen (Fig 2). The distribution of 
the radioactivity in the reticuloendothelial 
system was normal. Liver biopsy was 
done. 


PATHOLOGIC STUDIES 
OF LIVER (CASE 2) 
Histochemistry 


The architecture of the liver was 
normal. There was a slight increase of 
collagen around some sinusoids. Vac- 
uoles of various size were present in 
all liver cells. In these vacuoles the 
presence of triglycerides was shown 
by positive reaction with oil red O (Fig 
3), Sudan black B (negative after 
extraction with acetone), and OTAN 
black. Cholesterol and its esters were 
found by positive staining with PAN. 
The absence of unsaturated phospho- 
lipid was disclosed by a negative reac- 
tion with OTAN red and NaOH- 
OTAN red. Acid phosphatase and f- 
glucuronidase were active in the liver 
cells, but not at the site of the 
vacuoles. 


Electron Microscopy 


The tissue was fixed in glutaralde- 
hyde 2% for two hours at 4 °C, post- 
fixed in osmium tetroxide, dehy- 
drated in graded alcohols, and em- 
bedded in epoxy resin. Thick sections 
were stained with toluidine blue and 
studied with phase microscopy. Thin 
sections were stained with uranyl 
acetate and lead citrate and studied 
with a transmission electron micro- 
scope. 

The architecture of the liver was 
normal. There was some fibrosis in 
the area of the bile canaliculi. The 
endoplasmic reticulum was normal. 
The glycogen was not increased. Some 
of the mitochondria were enlarged. In 
their center a crystalline structure 
was situated, which is regarded as a 
nonspecific alteration (Fig 4). The 
most remarkable finding was a large 
number of vacuoles, surrounded by a 
single membrane (Fig 4 and 5). Their 
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Fig 4.—Liver cells, some of them enlarged, with paracrystalline inclusions (arrow). Vacuole (double arrowhead), 
surrounded by single membrane, containing moderately osmiophilic material ( x 18,860). 
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Fig 5.—Large vacuole (arrow), surrounded by single membrane, near nucleus of liver cell ( x 18,860). 
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Fig 6.—Cerebral scintigraphy, case 1 (top) and case 2 (bottom). Identical 
annular and crescent-shaped areas of increased radioactivity. 
2704645329- 2B 2704645329- 6A 401677529- 2Å 401677529- PA 
AUG 24 TS 19276|auUG 24 PEU UAE 1976 E ; 19F76ISsEP 9 se agi a: 1976 
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2704645229- 23A 2704645229- 6B | | base. ^ 
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Fig 7.—Cases 1 and 2, CT. Identical, bilateral bands of elevated density in paraventricular white matter of parietooccipital 
region after contrast enhancement (2B, 3A, ,3B before and 6A, 6B, 7A, 7B after contrast enhancement). 
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diameter varied from approximately 2 
to 6 p. These distended lysosomes 
contained a moderately osmiophilic, 
lipid substance. Specific structures 
were not detected in the lysosomes. 


ENZYME STUDIES 
IN LEUKOCYTES 


Lysosomal enzyme activities were 
measured as previously described.’ 
The Table shows the enzyme activities 
of cases 1 and 2. The a-L-fucosidase 
and a-D-mannosidase were decreased 
in case 1. The activities were deter- 
mined in two different samples and 
they were decreased in both. The 
other enzymes had normal values. In 
case 2 only a diminished a-L-fucosi- 
dase was found. The other enzymes, 
especially a-D-mannosidase, were in 
the normal range. 


CEREBRAL SCINTIGRAPHY 
(SODIUM PERTECHNETATE 
Tc 99m): CASES 1 AND 2 


In the white matter of the parieto- 
occipital region a pathologic uptake of 
radioactivity was encountered. This 
radioactivity was crescent-shaped on 
the posterior-anterior projection, and 
on the lateral projection an annular 
image was seen. The scintigraphs of 
cases 1 and 2 are similar (Fig 6). 


COMPUTERIZED AXIAL 
TOMOGRAPHY: 
CASES 1 AND 2 


The findings in both cases are simi- 
lar. The ventricular system is normal, 
with no displacement. Symmetric ar- 
eas of low density were-observed in 
the white matter of the parietooccipi- 
tal,region. After contrast enhance- 
ment (50 ml iothalamate meglumine 
injection), bilateral, symmetric bands 
of elevated density were evident in 
the paraventricular white matter (op- 
tic radiation) of the parietooccipital 
region (Fig 7). 


COMMENT 


The salient clinical features pre- 
sented by two unrelated boys are 
progressive loss of vision and hearing, 
severe mental regression, spastic- 
ataxic tetraplegia, pseudobulbar syn- 
drome, and atrophy of the optic 
nerves. The disease has followed a 
parallel, subacute course. Enzyme 
studies in leukocytes showed de- 
creased activity of a-L-fucosidase in 
both patients. In case 1, a-D-mannosi- 
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dase activity was decreased in the 
heterozygote range. In both patients 
the liver scintigraphs were abnormal. 
In the liver biopsy obtained from case 
2, numerous vacuoles were present in 
the liver cells. They contained trigly- 
cerides and cholesterol and its esters. 
Electron microscopy indicated dis- 
tended lysosomes containing lipid. It 
is quite possible that the decreased 
enzyme activity is due to an enzyme 
deficiency that we cannot detect at 
this moment. The storage material 
found in the liver may support this 
hypothesis. Further enzyme studies 
are in progress. The striking similari- 
ty of cerebral scintigraphy and CT is 
the hallmark of these two patients. 
The crescent-shaped and annular ra- 
dioactivity on the scintigraphs and the 
symmetric bands on the CT are identi- 
cal. 

Positive cerebral scintigraphy has 
been reported previously in a 12-year- 
old boy with histologically docu- 
mented Schilder’s disease. Increased 
uptake was present around the lateral 
ventricles.” Transient isotope accumu- 
lations, migrating from occipital to 
the frontal pole in the course of 17 
months, were reported in a 
7-year-old boy with clinical but histo- 
logically unconfirmed Schilder’s dis- 
ease.’ It was concluded that abnormal 
uptake is only seen at the time of 
active demyelination, when there ap- 
pears to be localized alteration of the 
blood-brain barrier. Focal areas of 
increased radioactivity, some of them 
crescent-shaped, were observed in 
adrenal leukodystrophy. Further 
scans were suggestive for partial reso- 
lution of the foci. In our patients 
scintigraphy was not repeated. 

There are few records of CT in 
metabolic brain disease. In a 14-year- 
old girl with leukodystrophy, general- 
ized diminution in absorption of white 
matter throughout both cerebral hem- 
ispheres was described.’ Low-density 
lesions of central and convolutional 
white matter with scalloped. lateral 
borders were observed in multifocal 
leukoencephalopathy.® Recently Rug- 
giero and Sabattini’ reported the case 
of a 10-year-old boy, with a 6-month 
history of progressive bilateral deaf- 
ness, weakness of the lower limbs, 
generalized epileptic seizures, and 
mental deterioration. On the CT scan, 
“streaks of increased density along 
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the ventricular walls" were seen. A 
diagnosis was not made. The CT scan 
and even the clinical features of this 
patient were similar to the findings in 
our cases. 

The neurologic symptoms and the 
localization of the alterations on cere- 
bral scintigraphy and CT in our 
patients are compatible with leuko- 
dystrophy. The localization of the 
alterations in the white matter is 
better shown by the CT, which differ- 
entiates clearly between gray and 
white matter." Whether the phenome- 
non of migration is restricted to cere- 
bral scintigraphy is still unknown. 

Histochemistry and electron micro- 
scopy of the liver biopsy of case 2 
make clear that the leukodystrophy is 
the cerebral involvement of a general 
lysosomal disease, with storage of 
lipid. The enzymologic studies have 
not yet disclosed the metabolic defect. 
There is a question as to whether the 
leukodystrophy of case 1 is due to the 
same disease. Nevertheless, the find- 
ings of the current study suggest that 
cerebral scintigraphy and CT should 
be employed in patients in whom the 
diagnosis of leukodystrophy is being 
considered. Moreover, a characteristic 
brain scan and CT, as found in our 
cases, should prompt enzymologic and 
biopsy studies. 

Willem Storm van Leeuwen, MD, performed 
the electroencephalographic studies; Piet J. C. 
Jongsma, MD, the radiologie studies; Tinie Deys, 
the technical histochemistry studies; Ruben J. J. 


Sporkslede, the technical electron microscopic 
studies; and André P. Piso did the photography. 


References 


1. Troost J, van der Heijden MCM, Staal GEJ: 
Characterization of a-L-fucosidase from two 
different families with fucosidosis. Clin Chim 
Acta 73:329-346, 1976. 

2. Valenstein E, Rosman NP, Carter AP: 
Schilder’s disease, positive brain scan. JAMA 
217:1699-1700, 1971. 

3. Weisbaum SD, Garnett ES: Brain scan in 
Schilder’s disease. J Nucl Med 14:291-292, 1973. 

4. Higgins CB, Taketa RM, Halpern SE: 
Abnormal brain scans in adrenal leukodystrophy: 
A study of three cases. Radiology 114:667-669, 
1975. 

5. New PFJ, Scott WR: Cerebral atrophies, in 
Computed Tomography of the Brain and Orbit. 
Baltimore, Williams & Wilkins Co, 1975, p 396. 

6. Carroll BA, Lane B, Normal D, et al: Diag- 
nosis of progressive multifocal leukoencephalopa- 
thy by computed tomography. Radiology 122:137- 
141, 1977. 

7. Ruggiero G, Sabattini L: Computerized 
axial tomography in non-tumourous conditions. 
J Neuroradiol 3:313-330, 1976. 

8. Weinstein MA, Duchesneau PM, Macintyre 
WJ: White and grey matter of the brain differ- 
entiated by computed tomography. Radiology 
122:699-702, 1977. 


Computerized Axial Tomography—Willemse et al 607 





t 
, r `, * 
Eu dne d ND e Oh Lu Cs 


By PUO enr 


- Za oe oe 


The Lissencephaly (Agyria) Syndrome 


In Siblings 


Computerized Tomographic and Neuropathologic Findings 


Carlos A. Garcia, MD; David Dunn, MD; Richard Trevor, MD 


® Two consecutive nontwin siblings 
had the lissencephalic syndrome. The 
literature of this syndrome in siblings is 
reviewed, and the somatic and the clinico- 
pathologic features are delineated further. 
Computerized tomography is reported for 
the first time to our knowledge in this 
entity as an important, noninvasive, and 
possibly specific test. Diagnosis early in 
life is possible for adequate management 
of the patients and genetic counseling. 

(Arch Neurol 35:608-611, 1978) 


gyria is absence of cerebral gyri, 
the brain having a smooth 
surface—lissencephaly. This congen- 
ital malformation of the brain, due to 
a disturbance in neuroblastic migra- 
tion during fetal life,’ is very rare.*^ 
Most reported cases have been sporad- 
ic, but the condition has been de- 
scribed in three pairs of siblings as the 
lissencephalic syndrome.** Infantile 
spasms with hypsarrhythmia on elec- 
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troencephalography constitute a sei- 
zure disorder’ due to various cerebral 
lesions* including some familial disor- 
ders. We recently had the oppor- 
tunity to study a pair of consecutive 
nontwin siblings who had hyps- 
arrhythmia in early life. Agyria was 
found at autopsy in the child who died, 
and the same presumptive diagnosis 
was made by computerized tomogra- 
phy (CT) in her living sibling. The 
prognostic implications of the diagno- 
sis of agyria and the first presumptive 
demonstration, to our knowledge, of 
the lesion by CT scan prompted us to 
report this family and to review what 
has been described in this syndrome. 


REPORT OF CASES 


Case 1.—This black female child was 
born at full term of a 17-year-old healthy 
primigravida. There was no consanguinity 
of her parents. The birth was uneventful 
with a weight of 2.7 kg and an Apgar score 
of 10-10. Development and growth were 
slow. She smiled appropriately, seemed to 
recognize her family, and her gaze followed 
past the midline at the normal time. 
However, she did not develop head control, 
did not roll over, and was never able to sit 
alone. At 54% months of age, her head 
circumference, weight, and length were 
below the third percentile. She was micro- 
cephalic, with frontal bossing and dolicho- 
cephaly, low-set ears, and micrognathia. 


Her legs were maintained in an abducted 
externally rotated position. She was gener- 
ally hypotonic, but muscle stretch reflexes 
were normal. The optic fundi were normal. 
No visceromegaly was found. The first 
seizure, at age 642 months, was character- 
ized by rolling up of the eyes, clenching of 
the fists, and twitching about the mouth. 
In spite of treatment with phenobarbital, 4 
mg/kg, the seizures continued at a rate of 
three to four per day. She was readmitted 
at T% months of age with a weight and 
height below the tenth percentile. She was 
lethargic, floppy, and generally hyperre- 
flexie with bilateral ankle clonus. Blood cell 
count, serum glucose level, electrolyte valu- 
es, and results of liver and kidney function 
tests were normal. Spinal fluid was normal. 
An electroencephalogram showed charac- 
teristic features of hypsarrhythmia. Skull 
roentgenograms and technetium Tc 99 m 
brain scan were normal. Sereening tests 
for amino acids and mucopolysaccharides 
were negative. Chromosome studies dis- 
closed a 46XX normal female pattern. 
Infections were controlled, and she was 
discharged on a regimen of phenobarbital 
and phenytoin sodium. By 2 years of age 
she had characteristic infantile spasms 
averaging four seizures per day; primidone 
and diazepam were added to her drug 
regimen, with little effect on her seizure 
disorder. At age 3 years and 4 months, a 
cine-esophagram showed reflux and as- 
piration due to failure of palatal closure, 
and a gastrostomy tube was inserted. The 
patient subsequently was admitted re- 
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Fig 1.—Case 1. Convexity of brain, show- 
ing hollow temporal areas, thickened 
meninges with congested tortuous ves- 
sels, and lack of sulci. 





Fig 2.—Case 1. Horizontal sections, show- 
ing cavum septi pellucidi, dilated ventri- 
cles (colpocephaly), and thin white matter. 
Striata and thalami are normal. 





Fig 4.—Case 2. Computed tomographic scan shows large subarachnoid spaces without 
demonstrable sulci, rendering smooth brain surface, hollow temporal areas, cavum 
septum and colpocephaly. (Compare with Fig 2 of case 1.) 


peatedly to the hospital for respiratory 
infections and for control of her seizures. 
She died of aspiration pneumonia at age 3 
years and 11 months. 

The general autopsy disclosed aspiration 
pneumonia and an atrial septal defect of 
the heart. The brain weighed 680 g. The 
cerebral hemispheres were long and nar- 
row. The leptomeninges were thickened 
and contained congested, tortuous blood 
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vessels. The convexity of the cerebral 
hemispheres (Fig 1) was smooth and devoid 
of all gyri and sulci, with a shallow depres- 
sion in the insular-sylvian region. The base 
of the brain was smooth except for partial- 
ly formed olfactory sulci and rhinal 
fissures. Blood vessels and cranial nerves 
were normal. Horizontal sections of the 
brain showed thick cortex with thin white 
matter and poor demarcation between 





Fig 3.—Case 1. Microscopic section of 
medulla, showing ectopic inferior olivary 
nuclei (Luxol fast blue stain, x 5). 


gray and white matter (Fig 2). Except for 
bilateral absence of the claustrum, the 
striatal and thalamic nuclei were normal. 
The ventricles were large, especially the 
occipital horns, and there was a cavum 
septi pellucidi. The basis pontis and the 
medullary pyramids were small. There was 
marked diffuse cerebellar atrophy. The 
spinal cord was normal. Microscopic exami- 
nation of the cerebral cortex demonstrated 
a normal molecular layer covering a thick 
layer of poorly arranged neurons, and 
myelinated tracts. Some of the neurons 
were immature; some had normal shape. 
The underlying white matter was sparse 
and thin. The hippocampal gyri, including 
Sommer’s sectors, were normal. In the 
medulla, the inferior olivary nuclei were 
irregular and asymmetrical in configura- 
tion, and clusters of gray matter were 
scattered between these structures and 
large convoluted masses of gray matter in 
the dorsolateral regions near the restiform 
bodies (Fig 3). The pyramidal tracts were 
small. Sections of the spinal cord showed no 
abnormalities. In the cerebellum, there was 
marked atrophy of the internal granular 
layer, and prominent Bergmann astrocytes 
replaced the Purkinje cell layer. 

Case 2.—The second child, also female, 
was born at term, weighing 2.7 kg. 
Although the child smiled and followed 
objeets at appropriate ages, her growth 
and development were delayed. She had 
very poor head control, never rolled over, 
and was unable to sit. She was first seen at 
Charity Hospital at 3 months of age, after 
having a generalized seizure. On examina- 
tion at this time, her head was dolichoce- 
phalic and measured 39.5 cm in circumfer- 
ence. She had frontal bossing, micrognath- 
ia, and low-set ears. Results of general 
physical examination were normal. Fun- 
duscopic examination disclosed no abnor- 
malities. She had generalized hypotonia 
and poor head control, but moved all 
extremities spontaneously and had normal 
stretch reflexes. Initial electroencephalo- 
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The Lissencephaly Syndrome 


Constant Features Inconstant Features 


Prenatal features Autosomal recessive Abnormality of chromosome 
inheritance T 


Full term Hirsutism 
Normal weight at birth Polyhydramnios 


Microcephaly Circumlimbal corneal 
Hollow temples clouding 
Dolichocephaly 
Micrognathia 
Antiversion of nostrils 









Gestation and birth 














Head abnormalities 













Visceral 
abnormalities 


Congenital heart disease 
Duodenal atresia 
Agenesis of one kidney 
Undescended testis 
Polydactyly 
Camptodactyly 
Simian crease 













Hand abnormalities 








Reflexes 





Poor sucking 
Poor Moro reflex 
Inability to swallow 


Hypotonia at birth 
Failure to thrive 
















Development 













infections 
Early: focal or 









Seizures 







Neuropathologic 


features Colpocephaly 


Pachygyria 


gram showed a right occipital spike form 
thought to be of cerebral origin. Techne- 
tium Te 99m brain scan was normal. 
Roentgenograms of chest, skull, and long 
bones demonstrated no abnormalities. 
Blood chemistry values were normal. She 
was treated with phenobarbital, 4 mg/ 
kg/day. Seizures resumed a month later 
and did not respond to increased doses of 
anticonvulsant. At age 6 months, the 
seizures consisted of flexor spasms of both 
arms and legs. The electroencephalogram 
showed frank hypsarrhythmic patterns 
with chaotic delta-theta activity of 200 to 
600 uV in all areas maximal frontally. 
Asleep the pattern was similar, with the 
spikes in pseudoperiodic groups. Cerebro- 
spinal fluid was normal. Chemical analyses 
of the blood and nerve conduction velocities 
were normal. Screening tests for abnormal 
amino acids were negative. Chromosomal 
studies showed a 46XX normal pattern. 
Corticosteroids were added to the pheno- 
barbital regimen, without clinical benefit. 
At 9 months of age, CT scan demonstrated 
ventricular dilation with cavum septi pellu- 
cidi. The subarachnoid spaces were gener- 
ally enlarged without evidence of demon- 
strable sulci, rendering a "smooth" appear- 
ance to the brain (Fig 4). A diagnosis of 
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Poor motor development 
Frequent pulmonary 


generalized seizures 
Late: infantile spasms— 
hypsarrhythmia 


Microencephaly 


Cavum septi pellucidi 
Absent claustrum 


Ectopic olivary nuclei 















Abnormalities of the 
dentate nuclei 
Cerebellar sclerosis 









lissencephaly was made. At 18 months of 
age, gastrostomy was done for feeding 
purposes. The child has been readmitted 
frequently for respiratory infections. 


COMMENT 


The term "lissencephaly" was intro- 
duced by Owen" to describe the flat, 
smooth surface of malformed human 
brain to differentiate it from the 
normal smooth surface of lower mam- 
mals. Agyria, a lack of cerebral convo- 
lutions, is a term used interchange- 
ably with lissencephaly but preferred 
by some authors.' Some 24 reports’ of 
this rare cerebral malformation have 
appeared in the literature. Some cases 
have the morphologic features of 
agyria only in the posterior portions 
of both hemispheres,'*'? while others 
described agyria associated with other 
cerebral malformations.'*'* 

In 1968, Miller' reported two 
siblings and delineated a familial 
syndrome different from the cases 
described above. Daube and Chou" 
described two unrelated children with 
the same syndrome and called atten- 


tion to the electroencephalographic 
findings. In 1969, Dieker et ab 
reported four cases of "the lissence- 
phalie syndrome," including two cases 
previously described,'* two of the chil- 
dren being siblings and one a mater- 
nal first cousin. They described chro- 
mosomal abnormalities in one patient 
and his family. In 1976, Norman et al 
reported two patients with the same 
syndrome, one of whom was the 
produet of consanguineous marriage. 
The same parents had two previous 
children who died early in life and had 
the same somatic characteristics. Au- 
topsies were not performed. Our cases 
then represent the fourth pair of 
siblings with this syndrome, demon- 
strated by autopsy in one and by CT in 
the other who is still living. The 
morphologie features, clinical course, 
and pathologic findings of this syn- 
drome are summarized in the Table. 
Although our siblings were the prod- 
uct of the first two consecutive preg- 
nancies, in Miller's cases they were 
the fifth and sixth, and in the cases 
reported by Dieker et al they were 
the fourth and fifth, following healthy 
siblings. All of this suggests an auto- 
somal recessive type of inheritance.’ 
The atonic cerebral diplegia is very 
likely due to decreased cerebral corti- 
cal neurons, as suggested by Yan- 
net.*? 

A normal cerebellum has been 
described'^ in atonic children who 
have died early in life with this 
syndrome, so that atonia is not neces- 
sarily related to cerebellar involve- 
ment." The cerebellar sclerosis de- 
scribed in three previous cases*'* and 
in our autopsied case suggests an 
acquired process due to the repeated 
and prolonged seizures and/or anti- 
convulsant treatment rather than a 
developmental lesion as part of the 
syndrome. In our two cases, cine- 
esophagram suggested lower motor 
neuron abnormalities affecting the 
glossopharyngeal and vagus nuclei in 
the medulla rather than bilateral 
corticobulbar deficit.‘ Seizures mani- 
fest early and are refractory to treat- 
ment. They may present in different 
clinical and electroencephalographic 
variations from focal'*?* to general- 
ized seizures, including hypsarrhyth- 
mia. 
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The constant cytoarchitectonic fea- 
tures have been described in detail 
previously." Arrest of neuronal 
migration'^?^ due to intrinsic abnor- 
malities of neurons, a metabolic 
deficit, or destructive process related 
to intrauterine hypoxia'* has been 
postulated. Whatever the mechanism, 
this syndrome appears to be an inher- 
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ited disorder of early intrauterine 
life.* Although muscle changes have 
been described with focal agyria," in 
our autopsied case no abnormality was 
found in muscle tissue. Brain biopsy 
may" or may not" be diagnostic. A 
noninvasive technique such as the CT 
scan demonstrating lack of sulci in the 
presence of large subarachnoid space 
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Brief Communications and Clinical Notes 


Isolated Benign Cerebral Vasculitis 


Bruce D. Snyder, MD, Robert R. McClelland, MD 


9 A young woman sought medical care 
for headache, nausea, and evolving focal 
neurologic signs. The CSF was normal; 
cerebral angiography showed segmental 
narrowing and irregularity of intraparen- 
chymal arterioles. Isolated cerebral vas- 
culitis was the clinical diagnosis made by 
careful exclusion; the illness responded 
well to steroids and there was later angio- 
graphic evidence of healing. 

(Arch Neurol 35:612-614, 1978) 


he cerebral angiographic picture 

of segmental narrowing, with or 
without small vessel occlusion, is 
generally attributed to the vasospasm 
of subarachnoid hemorrhage, pres- 
ence of atherosclerotic disease, multi- 
ple embolic events, granulomatous 
infection, neoplastic meningitis, or 
vasculitis. Cerebral vasculitis, particu- 
larly when unaccompanied by evi- 
dence of systemic involvement, is a 
rare entity that has a broad differen- 
tial diagnosis and a forbidding prog- 
nosis. We report a patient with 
isolated cerebral vasculitis who had an 
unusually benign clinical course and 
good response to corticosteroid thera- 


py. 
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REPORT OF A CASE 

A 27-year-old. right-handed mother of 
three was in good health until the day 
before hospitalization, when she experi- 
enced a severe, bifrontal, generalized, 
throbbing headache that began after she 
sneezed. Results of examination that 
night were normal, but the next day her 
headache continued and she experienced 
nausea and vomiting without photopho- 
bia. 

Past medical history was negative for 
cardiac disease, collagen vascular disease, 
drug abuse, or medications (including oral 
contraceptives). She had a history of peni- 
cillin sensitivity and a family history 
strongly positive for diabetes mellitus. Her 
son has juvenile rheumatoid arthritis. She 
had not received recent innoculations. 

The CSF was entirely normal. The ESR 
was 66 mm/hr; hemoglobin, 14.3 g/dl; and 
WBOCs, 14,500/cu mm, with no esosinophils. 
Toxie granulations were noted in polymor- 
phonuclear leukocytes on blood smear. The 
FTA-ABS and VDRL were negative. Skull 
and sinus roentgenograms and CT scan 
were normal. 

The next day, headache recurred and the 
patient had severe nausea and vomiting. 
On reexamination, she had a blunted 
affect, dazed appearance, mild right cen- 
tral facial paresis, right hyperreflexia, and 
right extensor plantar response. Results of 
the rest of the physical examination were 
normal. 

Laboratory studies disclosed the follow- 
ing values: normal serum electrolytes, 
BUN, and glucose; WBCs, 11,600/cu mm, 
with no eosinophils; hemoglobin, 13.8 g/dl; 


a second ESR, 73 mm/hr; and platelet 
count, 210,000/cu mm. The rheumatoid 
factor, ABO-Rh antibody screen, lupus 
erythematosus preparation, test for mono- 
nucleosis, antinuclear antibody test, and 
screening test for serum cryoglobulin were 
all negative. Serum C3 complement level 
was 162 mg/dl. Serum protein electropho- 
resis was mildly abnormal, with elevated 
a,-globulin (0.91 g/dl) and y-globulin (1.56 
g/dl). Serum cholesterol level was 225 mg/ 
dl; serum triglycerides, 162 mg/dl. The 
ECG and echocardiogram were normal. 
Liver-spleen isotope scan was normal; EEG 
was mildly to moderately abnormal with 
nonspecific, bilateral, temporal, and poste- 
rior slowing. Addis count was normal. 

Transfemoral cerebral angiography 
(Figure, A) showed multiple segmental 
areas of narrowing with slight distal dila- 
tion involving primarily peripheral intra- 
cranial vessels. Involvement was bilateral 
and both supratentorial and infratentorial. 
External carotid branches, including the 
superficial temporal and meningeal 
branches, did not appear to be involved. 
Neck vessels and proximal internal carotid 
and vertebral arteries were normal. Find- 
ings were most consistent with vasculitis. 

The patient was begun on a regimen of 
dexamethasone sodium phosphate intra- 
muscularly, 6 mg six times daily. The next 
morning, the level of alertness was 
improved. Three days later, her mental 
status was normal and other signs had 
improved; she had no recurrence of head- 
ache. In view of this response, brain biopsy 
was not felt to be justified. 

Subsequent lumbar puncture again dis- 
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A, Lateral projection of right carotid angiogram performed at first admission shows 
multiple segmental areas of narrowing involving primarily peripheral intracranial vessels 
(arrow). There was apparent slight dilation of vessels distal to sites of narrowing. Similar 
findings were also present on left carotid and vertebral angiograms. B, Lateral projection 
of right carotid angiogram performed four months later indicates that most areas of 
segmental narrowing and distal dilatation had improved (crossed arrow). One area 
showed no change (arrow), and one area appeared slightly more narrowed than 
previously (double-crossed arrow). Similar findings were also present on left carotid and 


vertebral angiograms. 


closed normal CSF, with a glucose level of 
73 mg/dl and protein of 32 mg/dl; CSF 
y-globulin was 3.2%. In the CSF, India ink 
stain, fungal and tuberculosis cultures, 
cryptococcal antigen (latex agglutination), 
and FTA-ABS tests were all negative or 
normal. Serologic studies on sera drawn 
two months after onset showed the follow- 
ing titers: mumps, 1:4; cold agglutinins, 
negative; influenza A, 1:8; influenza B, less 
than 1:8, rubella, less than 1:8; adenovirus, 
less than 1:8; varicella zoster (complement 
fixation), less than 1:4. 

The patient was discharged home on a 
regimen of prednisone, 80 mg every other 
day. Follow-up over a 20-month period 
indicated gradual clearing of neurologic 
deficit. Prednisone dosage was gradually 
tapered and finally discontinued. 

Cerebral angiography (Figure, B) per- 
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formed four months after diagnosis 
showed that most of the areas of segmental 
narrowing and distal dilation had im- 
proved. A few areas showed no change, 
and, rarely, an area appeared slightly more 
narrowed than previously. Renal arteriog- 
raphy disclosed normal vessels on both 
sides. 


COMMENT 


In a young woman with headache 
and evolution of focal neurologic 
signs, cerebral angiograms indicated 
segmental narrowing with irregulari- 
ty of intraparenchymal arteries in the 
absence of subarachnoid hemorrhage. 
Possible causes of this angiographic 
picture (ie, multiple cerebral emboli, 
atherosclerotic change, granuloma- 


tous infection, or carcinomatosis of 
the meninges) were ruled out by 
appropriate evaluation. Cerebral vas- 
culitis remains the most likely expla- 
nation for the angiographic changes. 
No evidence of systemic vasculitis was 
found; clinical response to steroid 
therapy was excellent, with healing 
documented by the clinical course and 
re-angiography four months later. 
Interesting allergic features of the 
medical history include penicillin hy- 
persensitivity and a son with juvenile 
rheumatoid arthritis. 

Complicated migraine is a superfi- 
cially attractive diagnosis for this 
case. Yet, angiography in that condi- 
tion does not disclose the findings 
seen in our patient. Further, the 
gradual evolution of neurologic deficit 
and persistent angiographic abnor- 
mality months later would seem to 
rule out a migrainous disorder. 

Direct, small-vessel involvement of 
the brain is relatively unusual as a 
manifestation of vasculitis. Disease of 
intracranial vessels alone is extremely 
rare. The differential diagnosis in- 
cludes the collagen vascular diseases, 
moya-moya syndrome, allergic vascu- 
litis, Wegener's granulomatosis, and 
isolated cerebral granulomatous an- 
giitis. 

Of the collagen vascular disorders, 
only systemic lupus erythematosus 
(SLE) frequently affects the brain 
directly.** Central nervous system 
symptoms and signs ultimately occur 
in more than half of the patients’ and 
are occasionally the first manifesta- 
tion. Of 12 patients with neuro- 
ophthalmologie signs due to SLE, five 
had no prior or concurrent evidence of 
involvement of other organ systems 
but all had positive ANA and elevated 
ESR.* 

Periarteritis nodosa uncommonly 
involves intracerebral vessels; in a 
series of 111 cases, only a 4% incidence 
of cerebral complications was re- 
ported,” while systemic involvement is 
almost invariable.* Central nervous 
system involvement is extremely rare 
in rheumatoid vasculitis unless it is 
associated with cardiopulmonary or 
renal disease.* Of 130 patients with 
progressive systemic sclerosis, 24 had 
symptoms or signs referable to the 
CNS, but this was attributable to 


Vasculitis—Snyder & McClelland 613 





x da FE nsa ee den e a Gaia a! 











«e^o rds 


ta" 


Se ta ae 
ari ^ 


r 


" <= 


eee FT “ihe 7 -cE 


E n CT Ip Pe ee ae ee at eat (alt Lg Sie Ei Ae mir PESER Catt a S q S va EM 
; i - i - | J = ] »M : 
` M ^ " <5 


involvement of other organ systems." 

Moya-moya syndrome has been 
reported in adults but is a disease of 
the carotid syphon; smaller arteries 
appear normal angiographically and 
pathologically.'^ 

Necrotizing angiitis confined to the 
CNS has been reported in association 
with parenteral drug abuse." This was 
not a factor in our patient's illness. 
Allergie vasculitides, usually a result 
of drug reaction, commonly affect the 
peripheral nervous system but may 
produce cerebral involvement, though 
always in the setting of multisystem 
disease." 

Wegener's granulomatosis may in- 
volve the CNS with arteritic lesions,” 
but coexistent extra-CNS involve- 
ment is generally present and re- 
sponse to steroid therapy alone unlike- 
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ly. Sahn and Sahn™ described a 
patient with gradually evolving apha- 
sia and a pulmonary infiltrate that, on 
biopsy, showed granulomatous vascu- 
litis compatible with a diagnosis of 
Wegener’s granulomatosis. The CSF 
was normal and serologic tests nega- 
tive. 

Granulomatous angiitis of the CNS 
is a rare condition defined by a small 
number of case reports.'^ Analysis of 
the clinical characteristics of these 
cases does not yield a clearly definable 
syndrome. An association between 
this entity and zoster infection has 
been suspected.'^ Abnormal CSF with 
lymphocytic pleocytosis and elevated 
protein levels as well as elevated ESR 
has been present in almost every case. 
Angiography has shown involvement 
of small intracranial vessels. The 
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course is usually inexorably progres- 
sive, with only a few patients having 
shown transient remission with corti- 
costeroid treatment. Successful treat- 
ment of a biopsy-proved case has 
recently been reported.” Our patient 
does not, however, fit the pattern of 
this disease, in view of normal CSF 
values and benign course. Viral and 
immunologic evaluation were not in- 
dicative of infection. 

With greater awareness and more 
frequent reporting, the true frequen- 
cy and spectrum of CNS vasculitis will 
be delineated. Our case seems to 
represent a relatively benign, distinct 
entity. 
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Erythrocyte Membrane Studies in 
Familial Hypokalemic Periodic Paralysis 


Onno J. S. Buruma, MD; Thomas M. A. R. Dubbelman, PhD; Adriaan W. de Bruyne, PhD; Johnny van Steveninck, PhD 


€ A study of RBC membrane functions 
was performed in four patients suffering 
from familial hypokalemic periodic paraly- 
sis who had permanent muscular weak- 
ness. Electrophoretograms of membrane 
proteins, cell deformability, calcium- 
promoted potassium efflux, calcium- 
ATPase activity, and endogeneous phos- 
phorylation of membrane proteins were all 
within the normal range. 

These results are compared with similar 
studies performed in myotonic and Du- 
chenne-type dystrophies, in which abnor- 
malities in the RBC membrane have been 
described. 

The results do not support the theory of 
RBC involvement in hypokalemic periodic 
paralysis. However, this does not imply 
that the muscle cell membrane is not 
involved in the underlying pathological 
process in this disorder. 

(Arch Neurol 35:615-616, 1978) 


riodic paralysis is characterized 
by attacks of muscle weakness 
during which the muscle cells are 
unexcitable by both direct and indi- 
rect electrical stimulation.’ Accord- 
ingly, the membrane properties are 
implicitly affected. During attacks, 
isolated muscle fibers stripped from 
their sarcolemma show normal con- 
traction and relaxation when calcium 
is administered. The defect must 
therefore be loealized in either the 
surface membrane, the T system, the 
sarcoplasmic reticulum, or all three. 
The permanent muscular weakness 
that may accompany periodic paraly- 
sis clinically resembles the limb-girdle 
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type of muscular dystrophies.* There- 
fore, the “membrane theory,” postu- 
lated to explain the pathogenesis of 
Duchenne and myotonic dystrophies,* 
could provide a rational explanation in 
periodic paralysis as well. 

These RBC membrane studies have 
shown abnormalities in several muscle 
diseases,‘ although these observations 
need further confirmation. In this 
context, a study of RBC membrane 
functions in hypokalemic periodic pa- 
ralysis seemed indicated. 


PATIENTS 


Erythrocyte membrane functions were 
studied in four members of a family first 
described by Biemond and Polak-Daniels.* 
Three of the patients were men, aged 19 
years, 20 years, and 55 years, respectively. 
The female patient was 16 years of age. All 
four patients were suffering or had 
suffered from paralytic attacks, starting 
when they were between the ages of 4 and 
15 years. In addition, they had all shown 
permanent weakness, with myopathic 
changes on electromyographie (EMG) ex- 
amination. Muscle biopsy specimens from 
all four showed the characteristic vacuolar 
myopathy. The patients were receiving 
acetazolamide, 250 mg three times daily for 
approximately five years. 


METHODS 


Heparinized blood was centrifuged 
shortly after collection. Plasma and WBC 
layer were discarded. The erythrocytes 


were washed three times in a buffered 
sodium chloride solution.’ Deformability of 
the RBCs and the influence of alcohol 
thereupon was studied, using a cone-plate 
viscometer.*? 

The calcium-dependent potassium efflux 
(Gardos effect) was measured by standard 
procedure." Hemoglobin-free ghosts were 
prepared by osmotic lysis." 

Sodium lauryl sulphate gel electrophore- 
sis of membrane proteins was performed 
after solubilization of the stroma in a 
solution of 10 mM tromethamine hydro- 
chloride containing 1% sodium lauryl 
sulphate, 40 mM dithiothreitol, and 1 mM 
edetic acid.'? Gel densitometric scans were 
recorded on a spectrophotometer with 
scanning device. Caleium-A TPase activity 
of freshly prepared ghosts was measured 
in the presence of 10 mM calcium.” 
Erythrocyte membrane phosphorylation 
was measured radioactive-phosphorus-la- 
belled ATP.'* The phosphorus 32 incorpora- 
tion occurred in the spectrin fraction, in 
band 3 protein, and in the region of 4.5. 


RESULTS 


As judged from sodium lauryl 
sulphate gel electrophoresis, the mem- 
brane proteins of erythrocytes of 
these patients was normal. 

Cell deformability, as reflected by 
the viscosity of 80% cell suspensions, 
was within the normal limits, both in 
the absence and in the presence of 2.2 
M ethanol. 

The Gardos effect was measured on 
blood samples of patients 3 and 4 and 


Phosphorylation of Erythrocyte Membrane Proteins* 


Phosphorylation Spectrin 


ATP 
Patient 4 1.40 


Patient 3 1.46 
Control group (n = 10) 1.49 + 0.45 


ATP with cyclic AMP 
Patient 4 


Patient 3 


Control group (n = 10) 1.73 + 0.51 


Band 3 Band 4.5 


1.21 0.40 
1.22 0.41 


1.26 + 0.39 0.33 + 0.07 3.06 + 0.81 





1.46 + 0.42 0.54 + 0.43 3.73 + 1.02 


*Membranes incubated 10 min at 20?C in presence of 20 mM tromethamine hydrochloride, pH 8.0; 
MgCl., 10 mM; CaCl,, 10 mM; “phosphorus-ATP, 0.2 mM; and cyclic AMP, 20 „M. 
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on two healthy controls. In two hours, 
the caleium-promoted potassium ef- 
flux amounted to 39.4 umole and 30.0 
umole, respectively, for the two 
patients, and to 36.8 umole and 31.3 
umole, respectively, for the controls; 
all values were within the normal 
range.'^ The calcium-ATPase activity 
(given in micromoles ATP per milo- 
gram ghost protein per hour) yielded 
values of 40.5 (patient 1), 40.5 (patient 
2), 49.4 (patient 3), and 45.2 (patient 4). 
None of these values differ substan- 
tially from the normal value of 
47.4+8.4 found in 14 blood samples 
from healthy donors. 

The endogeneous phosphorylation 
of membrane proteins is shown in the 
Table. Again, there are no clear devia- 
tions from the normal pattern. 


COMMENT 


Of all the theories concerning the 
pathogenesis of muscular dystrophies, 
the one of particular interest is the 
membrane theory, which is based on 
the assumption of a genetic defect on 
the surface membrane of skeletal 
muscle cells and possibly also in 
contractile-formed elements in the 
blood. 

This theory, evolving from biochem- 
ical genetics, implies that the expres- 
sion of the genetic defect is ultimately 
due to the formation of an anomalous 
protein or to the absence of a protein, 
resulting in faulty functioning. 

Because of technical difficulties 
encountered in the study of the sarco- 
lemma in Duchenne-type muscular 
dystrophy, attention was directed to 
membrane properties of erythrocytes 
in these patients." Rowland‘ recently 
reviewed the results of such studies 
and concluded by suggesting that the 
genetic error is also expressed in the 
erythrocyte membrane. 

Abnormalities of the erythrocyte 
membrane have also been found in 
myotonic dystrophy,'**° and include 
defective endogeneous membrane 
phosphorylation and abnormal fluidi- 
ty of membranes as shown by electron 
spin-resonance analysis. These ery- 
throcyte membrane abnormalities do 
not lead to clinically recognizable 
hematological anomalies. 

As pointed out by Lassen et al,” the 
Gardos effect implies a regulatory 
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role of Ca** ions on K* permeability. 
Our results contradict a dysfunction 
of this mechanism in hypokalemic 
periodic paralysis. Therefore, in this 
respect, hypokalemic periodic paraly- 
sis and its associated muscular dystro- 
phy differ from myotonie dystrophy 
and Duchenne-type dystrophy, where- 
in an increased caleium-promoted po- 
tassium efflux was found.'* Periodic 
paralysis also differs from the other 
dystrophies with respect to endoge- 
neous phosphorylation of membrane 
proteins. 

In our studies, no noteworthy 
changes in erythrocyte membrane 
protein phosphorylation were found, 
whereas in myotonic dystrophy a 
decreased phosphorylation in the band 
3 region'^ and in carriers of 
Duchenne-type dystrophy an in- 
creased phosphorylation in the spec- 
trin region was observed.” 

All our patients had been treated 
with acetazolamide, and in hyperkale- 
mie periodie paralysis, this drug has 
been reported to alter transmembrane 
potassium exchange rates in RBCs.” 
Because acetazolamide probably ex- 
erts its effect by the production of 
metabolic acidosis,” it seems unlikely 
that the Gardos effect in washed 
RBCs is influenced by this therapy. It 
seems even more unlikely that mem- 
brane protein phosphorylation in iso- 
lated ghosts has been affected by the 
therapy. 

The results of this study do not 
support the pathogenetic theory of 
RBC membrane involvement in hypo- 
kalemic periodic paralysis, nor do 
they, in their limitation, rule out this 
possibility. Moreover, even if further, 
more detailed, studies proved that the 
erythrocyte membrane shows no ab- 
normalities in this disease, this would 
not imply that the muscle cell mem- 
brane in hypokalemic periodic paraly- 
sis is not involved in the underlying 
pathological process. 


Karmi Christianse provided technical assis- 
tance. 
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Letters to the Editor 





Wilson's Disease and Monoamines 


To the Editor.—Patients suffering 
from Wilson's disease frequently have 


extrapyramidal symptoms, which are 


ameliorated by treatment with peni- 
eillamine.' Apparently, the storage of 
copper’ in this disease gives rise to 
disturbances of function and later to 
observable damage of central neu- 
rons,’ which can be reversed to some 
extent after appropriate treatment. 
Moreover, treatment with levodopa 
has beneficial effects in Wilson’s 
disease.'^ Taking this into considera- 
tion, it can be speculated that changes 
in central neuronal functioning in 
Wilson’s disease may result inter alia 
in abnormalities in the metabolism of 
the neurotransmitters, dopamine, and 
serotonin. 

Recently, we had the opportunity to 
investigate this possibility in a 21- 
year-old patient with Wilson’s dis- 
ease. We measured the levels of 5- 
hydroxyindole acetic acid (5-HIAA, a 
5-HT metabolite) and homovanillic 
acid (HVA, a metabolite of dopamine) 
in lumbar CSF of this patient, before 
and during treatment with penicil- 
lamine (1 g/day). In addition, we 
performed a probenecid test to obtain 
some information on the rate of 
central formation of the acidic metab- 
olites. Both the probenecid test and 
the methods for the assays of HVA, 
5-HIAA, and probenecid have been 
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described elsewhere in detail.** 

Since this preliminary study is 
concerned with one patient only, we 
compared the results with those 
obtained from a 19-year-old sister of 
the patient, who also had Wilson’s 
disease, but without neurological 
symptoms. In addition, we studied 33 
psychiatrie patients who had no major 
neurological symptoms and were cho- 
sen because their probenecid levels 
were comparable with those observed 
in the two patients with Wilson's 
disease. With this approach, we 
avoided possible errors in interpreta- 
tion of the levels of HVA and 5-HIAA 
after the probenecid test.’ The diag- 
nosis of Wilson's disease was con- 
firmed by the determination of serum 
content of ceruloplasmin* and copper? 
and by the finding of a high urinary 
exeretion of copper (Table). 

In the patient with Wilson's disease 
who had neurological symptoms, the 
levels of 5-HIAA and HVA were 
found to be extremely low. After 
probenecid treatment, these levels 
were still found to be abnormally low. 
In contrast to this observation in the 
patient without neurological manifes- 
tations of Wilson's disease, the levels 
of the neurotransmitter metabolites 
were within the range of those of the 
psychiatrie patients (Table) During 
treatment with penicillamine, the pa- 
tient’s condition was greatly im- 
proved, and there was a slight 
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increase of the CSF levels of HVA and 
5-HIAA. Although the observed in- 
creases were small, its importance has 
to be considered also in relation to the 
striking similarity of the levels of 
HVA and 5-HIAA (and probenecid) in 
the two consecutive CSF samples 
obtained during treatment with peni- 
cillamine. 

Since HVA in lumbar CSF origi- 
nates, at least in part, in the basal 
ganglia," we conclude that the pres- 
ent findings point to a direct deficien- 
cy in this brain area in Wilson's 
disease. Since the treatment with 
penicillamine has only minor effects 
on the low CSF levels of HVA and 
5-HIAA, it seems that the damage of 
central dopaminergic and serotoner- 
gie neurons is only partially rever- 
sible. 

J. LYCKLAMA A NIJEHOLT, MD 
Dept of Neurology 

Hospital Ziekenzorg 

De Ruyterlaan 5 

Enschede, Netherlands 
JAKOB Konr, PhD 

Dept of Biological Psychiatry 
Psychiatric University Clinic 
Oostersingel 59 

Groningen, Netherlands 


Nonproprietary Names and 
Trademarks of Drugs 


Levodopa—Bendopa, Dopar, Larodopa. 
Penicillamine—Cuprimine. 
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Levels of Homovanillic Acid and 5-Hydroxyindoleacetic Acid in Lumbar 
CSF of Patients With Wilson's Disease and Various Controls 


Patient with Wilson's disease, F, 21 yr 
With neurological symptoms 
Before treatment 


3-mo penicillamine therapy 
1 g/day 
6-mo penicillamine therapy 
1 g/day 
Controls 
With Wilson’s disease 
F, 19 yr, no neurological symptoms 
33 Psychiatric patients; levels + SEM 
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Homovanillic 
Probenecid Acid, 
Test ng/ml CSF 


5-Hydroxyindole- 
Acetic Acid, 
ng/ml CSF 


Copper- 
Excretion, 
umole/Liter 
Urine 


Probenecid, 
ug/ml CSF 
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Hippocampal-Fornix-Mammillary 
Circuit and Memory 


To the Editor.—Ziegler et al, in their 
article entitled "Abrupt Memory Loss 
Associated With Thalamie Tumor" 
(Arch Neurol 34:545, 1977), stated that 
bilateral damage to the hippocampal- 
fornix-mammillary circuits is “un- 
doubtedly” the reason that patients 
with cerebral neoplasia who show the 
most striking memory disorder have 
usually been those with lesions near 
the midline in the region of the third 
ventricle where these circuits are in 
close approximation. In our review of 
this subject,’ it was not apparent that 
the hippocampal-fornix-mammillary 
circuit or any other structure was 
proved to be consistently enough 
involved in cases of tumors in the 
region of the third ventricle to be 
considered the underlying anatomic 
substrate to account for the memory 
impairment observed in such patients. 
Rather, we concluded that anatomical 
studies in this regard need further 
clarification and that the issue re- 
mains unsettled. 

Considerable disagreement exists 
among investigators concerning the 
importance of the mammillary bodies 
and/or its connections in memory 
function. Furthermore, recent experi- 
ments in rats’ have raised questions 
as to the cells of origin of the fibers of 
the fornix that terminate in the hypo- 
thalamus, indicating that they arise 
not in the hippocampus proper but in 
the adjacent subicular region, a rela- 
tively poorly understood and unex- 
plored region of the cerebral cortex. 
Should these findings be sustained in 
future neuroanatomical studies, our 
perspective of the significance of the 
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fornix and mammillary bodies in 
regard to memory function might 
need to be revised. 
W. J. McENTEE, MD 
VA Hosp 
Davis Park 
Providence, RI 02908 


1. McEntee WJ, Biber MP, Perl DP, et al: 
Diencephalic amnesia: A reappraisal. J Newrol 
Neurosurg Psychiatry 39:436-441, 1976. 

2. Swanson LW, Cowan WM: Hippocampo- 
hypothalamic connections: Origin in subicular 
cortex, not Ammon’s horn. Science 189:303-304, 
1975. 


In Reply.—McEntee et al quite appro- 
priately call attention to the fact that 
severe memory disorders are asso- 
ciated with thalamic lesions that 
apparently spare the mammillary bod- 
ies and its connections as demon- 
strated by their case. At the time of 
preparation of our report, we were un- 
aware of their case report, which, clin- 
ically, is indeed closely similar to ours. 
We accept the comment contained 

in their article and letter as an impor- 
tant correction to our article. Sudden 
onset of severe memory disturbance 
usually implies lesions in the areas 
adjacent to the third ventricle, but to 
say that the damage is “undoubtedly” 
anterior—namely, in the hippocampal- 
fornix-mammillary circuits—is proba- 
bly to overstate the case. 

D. K. ZIEGLER, MD 

Dept of Neurol 

Univ of Kan Med Center 

Kansas City, KS 66103 


Slow Saccades 


To the Editor.—Zee et al presented 
two interesting cases of spinocerebel- 
lar degeneration in the April 1976 
issue of the ARCHIVES (33:243-251, 
1976) and speculated that the slow 
saccadic eye movements made by 
their patients were indeed slow sac- 
cades launched by a defective saccadic 
system and not "voluntary smooth 
pursuits" made in the absence of a 
moving stimulus. This report is appar- 
ently the first quantitative measure- 
ment of such slow saccades. Subse- 
quently, we have reported quantita- 
tive measurements of slow saccades 
during reading! and other visual 
information processing tasks. In addi- 
tion to evidence for the involvement 
of the saccadic system in these slow 
eye movements, a number of other 
interesting observations regarding 
eye movements and their relationship 


to defective visual perception can be 
made by using the infrared pupil 
tracking technique. 


Report of a Case.—The patient was a 
57-year-old right-handed man admitted to 
the University of Rochester (NY) Medical 
Center with Friedreich's ataxia. A brief 
neuropsychological screening battery dis- 
closed that orientation and memory were 
intact. There was a slight dysarthria, but 
other speech and language functions were 
normal. Convergence was intact and there 
was a full range of extraocular movements. 
Horizontal saceadic eye movements were 
very slow. 

Saccadic and pursuit movements were 
recorded using an infrared pupil tracking 
device. The system has a linear range and 
accuracy of about 40° + 0.5? horizontally 
and 20° + 1° vertically. Tracking was 
recorded for horizontal refixations only. 
Pursuit tracking by this method suggested 
that following movements were smooth 
and apparently accurate. During the 
recording of eye movements, the patient’s 
head was immobolized and a stimulus was 
moved horizontally across the visual field 
in increasing velocities. When the stimulus 
velocity exceeded 40° per second, instances 
of very slow “catch-up” saccades were 
noted in the pursuit record. The velocity of 
these saccades never exceeded 100° per 
second. 

During the saccadic recording, the 
patient made compensatory head move- 
ments (when the head was not fixed) to 
bring the peripheral target into foveal 
vision. When the patient’s head was fixed, 
two features of disordered oculomotor 
function were observed. The duration of 
saccadic movements was greatly increased 
for all amplitudes of movement. For exam- 
ple, for normal controls, saccades were "in 
flight” for approximately 35 ms for an 
excursion of 5°. In our patient, the saccadic 
duration for this amplitude was approxi- 
mately 170 ms (five times the normal dura- 
tion). Peak velocity for larger amplitudes 
was probably in the range of 150° to 200° 
per second (compared to control values of 
600° to 700° per second). 

Dysmetria was evident throughout the 
saccadic record, which would suggest 
neuronal loss in the cerebellum. 

F. J. PrrozzoLo, PHD 
Dept of Psychology 
Univ of Calif 

405 Hilgard Ave 

Los Angeles, CA 90024 


1. Pirozzolo FJ, Rayner K: The neural control 
of eye movements in acquired and developmental 
reading disorders, in Whitaker HA, Whitaker 
HA (eds): Studies in Neurolinguistics. New 
York, Academie Press Inc, 1977, vol 4. 


Letters to the Editor 


Acute Hypokalemic Myopathy 
in Alcoholism 


To the Editor.—The article by Ruben- 
stein and Wainapel (Arch Neurol 
34:553-555, 1977) described an acute 
myopathy developed in alcoholics 
without myalgia or myodema, with 
marked elevation of serum creatinine 
phosphokinase (CPK) levels and hypo- 
kalemia. The authors also referred to 
other disorders that produce muscle 
weakness when associated with hypo- 
kalemia induced by diuretics, laxative 
abuse, chronic gastrointestinal and 
renal disease, or licorice ingestion. 

I would like to add to their differen- 
tial list our own report of steroid- 
induced hypokalemia, myopathy, and 
elevated CPK levels in a patient 
taking fludrocortisone (Florinef) ace- 
tate for more than three years for 
severe orthostatic hypotension.’ Our 
patient suffered from a preexistent 
Shy-Drager syndrome. At the peak of 
his de novo myopathy symptoms, 
consisting of extreme, diffuse muscle 
weakness, his serum potassium level 
was 1.6 mEq/liter while his serum 
CPK level was 1,974 units. Results of 
electrodiagnostic studies were also 
normal. This patient improved clini- 
cally simply by the administration of 
potassium chloride intravenously. The 
serum potassium levels and the CPK 
values returned to normal in a 
dramatic reciprocal manner. 

V. M. RivERA, MD 
Neurol Section 

Baylor Coll of Med 
Houston, TX 77030 


1. Rivera VM: Interpretations of serum creat- 
inine phosphokinase. JAMA 225:993-994, 1973. 


Age, Aphasia, and Stroke 
Localization 


To the Editor.—The report of Kertesz 
et al in the October 1977 issue of the 
ARCHIVES (34:590-601, 1977) was of 
special interest for the inclusion of the 
mean ages of patients in specific cate- 
gories of aphasia. Analysis of the 
. authors' data demonstrates the mean 
age of patients with Broca's aphasia 
to be nine years younger than the 
mean ages of patients within any 
other group of aphasia. 

Children with aphasia are known to 
have almost exclusively nonfluent 
aphasia. Moreover, clinicians dealing 
with adult aphasia have noted that 
patients with Broca's aphasia tend to 
be younger than patients with Wer- 
nicke’s aphasia. The first systemati- 
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cally obtained evidence regarding this 
clinical observation was reported at 
the 1977 meeting of the Academy of 
Aphasia.' Albert and colleagues com- 
pared the ages and types of aphasia of 
167 right-handed patients seen in the 
Neurobehavioral Unit of the Aphasia 
Research Center at the Boston Veter- 
ans Administration Hospital whose 
aphasia was caused by an acute 
stroke. The mean age for the entire 
group (Broca’s, Wernicke’s, conduc- 
tion, anomic, and global aphasics) was 
56.1 years old. Patients with Broca’s 
aphasia were significantly younger 
(52.6 years old) and patients with 
Wernicke’s aphasia were significantly 
older (62.8 years old). 

However, there was no anatomical 
correlation available in their patients. 
The data presented by Kertesz et al 
demonstrate a correlation between 
type of aphasia and the anatomic loca- 
tion of the infarction. Consequently, 
the ages of the patients can also be 
correlated with the location of the 
infarction. In this selected group of 
stroke patients, the younger patient is 
more likely to have an anteriorly 
located infarction. 

This observation raises a general 
question about cerebrovascular dis- 
ease. It would appear from these data 
on a selected group of patients that 
the age of the patient influences the 
location of a cerebral infarction. If 
this is true, then we may ask why this 
should be the ease and what implica- 
tions this might have for the diagnosis 
and treatment of cerebrovascular dis- 
ease. Further study of this point in a 
large group of unselected patients 
seems warranted. 

J. E. CARTER, MD 

Boston Univ School of 
Med and Boston 
VA Hosp 

Boston, MA 02130 


l. Albert ML, Obler LK, Goodglass H, et al: 
Aphasia type and aging. Read before the 15th 
annual meeting of the Academy of Aphasia, 
Montreal, October 1977. 


In Reply.—Carter's observation of 
Broca's aphasies being younger than 
the rest of the population is certainly 
valid, even though an analysis of vari- 
ance did not show a significant differ- 
ence in our population. I was also 
intrigued by the age differences 
presented by Albert and colleagues at 
the Academy of Aphasia meeting. I 
asked them if they thought these were 
statistically significant, but up to that 
time they had not subjected their data 
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to statistical evaluation. 

Apart from these considerations, 
Carter’s point is well taken, and the 
intriguing possibility that younger 
people tend to have infarctions more 
anteriorly or that their lesions may be 
smaller should receive attention. 

A. KERTESZ, MD, FRCP(C) 
Dept of Clin Neurol Sciences 
Faculty of Med 

Univ of W Ontario 

London 72, Canada 


In Reply.—Carter’s letter presents an 
interesting observation. First, it 
should be noted that the report by 
Kertesz et al offers excellent back- 
ground material for the study of apha- 
sia. The particular question raised by 
Carter is pertinent and deserves 
attention. 

A number of possible explanations 
can be formulated in attempting to 
answer Carter’s question. Whether 
any of these explanations is pertinent 
must, however, remain moot. For 
instance, it could be considered that 
the age difference between Broca’s 
and Wernicke’s aphasics could be 
based on the differences in pathologic 
conditions occurring with increasing 
age. In other words, the distribution 
of emboli, thrombosis, hemorrhage, or 
extracranial vascular disease may 
vary with the age of the patient. A 
second suggestion would be that cere- 
bral blood flow changes with increas- 
ing age. A third possibility would take 
into account the additive effect of the 
aging brain; senility plus a cardiovas- 
cular accident (CVA) might produce a 
different clinical picture than CVA 
occurring in a younger brain. A fourth 
possibility harks back to an ancient 
observation that comprehension is the 
aspect best recovered spontaneously 
after aphasia. Could this be less true 
in the more aged patient? Finally, a 
fifth possibility would suggest that 
continuous, dynamic alterations occur 
in neural pathways throughout life. 
Therefore, the human brain may be 


constantly changing in competency in - 


comprehension of language, in the 
ability to speak, ete. 

In looking at these postulated 
explanations of the age difference 
between Broca’s and Wernicke’s apha- 
sies, the first two possibilities could be 
evaluated by current techniques. An 
epidemiologic study of the causes of 
vascular disease in a large group of 
aphasics would give an answer to the 
first possibility. Similarly, the sophis- 
ticated isotope blood flow studies 
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presently being conducted could in- 
vestigate the possibility that an alter- 
ation in cerebral flow occurs with 
increasing age. The other three possi- 
bilities must remain conjectural with 
the present base of knowledge. It 
seems plausible that any or all of these 
three could be true, but we do not have 
the tools, at present, to evaluate 
them. 

One additional observation deserves 
mention. Probably the most fascinat- 
ing of all the age comparisons from 
these studies concerns the average 
age of the stroke patients. The 57 
patients with well-localized CVA in 
the Canadian study had an average 
age of 62.6 years, whereas in the 
Boston Study of 167 aphasic individu- 
als the average age was 56.1. This 
difference must have a real as well as 
a statistical significance and suggests 
some fascinating implications for the 
difference in the age of the patients 
suffering stroke in the two coun- 
tries. 

D. F. Benson, MD 
Neurobehavioral Center 
Boston VA Hosp 

150 S Huntington Ave 
Boston, MA 02130 


Computerized Tomography 
Complications 


To the Editor.—Lozito’s letter in the 
October 1977 issue of the ARCHIVES 
(84:648-650, 1977) concerning seizures 
in five patients with tumors, possibly 
induced by the contrast dye used in 


. computerized tomographic (CT) scan- 


ning was of special interest to us. As 
part of a study of patients with sickle 
cell disease who have had strokes, we 
are following up a 16-year-old with 
sickle cell anemia (SS) who com- 
plained of weakness of the left upper 
extremity after falling from her bicy- 
cle two years ago.’ 

At that time, she had a spastic left 
hemiparesis, a left-sided cortical sen- 
sory deficit, and a left hemianopia. 
The diagnosis of cortical infarction 
was supported by a radioisotope study 
showing delayed flow to the right side 
and a positive static uptake in the 
right hemisphere. Later, the use of 
her paretic hand seemed to deterio- 
rate and a CT scan was performed for 
us at another institution. No anesthe- 
sia or hypnoties were used, but follow- 
ing the initial scan, 100 ml of iothala- 
mate meglumine (Conray 60) was 
given as a bolus. The scan showed an 
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area of decreased density in the right 
frontoparietal area with enlargement 
of the right ventricle. No problems 
were noted in the radiology suite, but 
when she left, she did not know which 
way to turn to catch her bus, became 
lost, and was finally helped by a 
passerby. Previously, she had always 
been able to find her way around the 
city without assistance. Her aunt, a 
nurse, described her as strange, in a 
daze, and confused on her arrival 
home. The hostility she displayed 
when approached was a distinct 
personality change. She refused to 
eat, complaining of nausea. After a 
night’s sleep she was as before, and 
neurologic deficits were unchanged. 
She denied taking illicit drugs that 
afternoon or engaging in any other 
unusual activity. 

We are relating this experience 
because we believe that mild hypoxia 
induced by the dye may underlie our 
patient’s disorientation and the sei- 
zures of Lozito’s patients. Richards 
and Nielsen? demonstrated a shift in 
the oxygen dissociation curve and 
oxygen desaturation following expo- 
sure to acidic, hypertonic radiographic 
dyes, resulting in sickling. Because of 
this theoretic consideration and the 
fear of inducing a sickling phenome- 
non, we do not recommend routine 
contrast-enhanced scans in patients 
with sickle cell anemia. As with the 
“routine” use of hyperventilation dur- 
ing electroencephalography,’ the “rou- 
tine” use of contrast enhancement 
may subject the patient to transient 
or permanent neurologic dysfunc- 
tion. 

C. IMpus, MD 

D. Powans, MD 

C. PEGELow, MD 

H. D. SEGALL, MD 
Rancho Los Amigos Hosp 
7601 E Imperial Hwy 
Downey, CA 90242 


l. Powars D, Pegelow C, Wilson D: Stroke 
syndrome in sickle cell disease. Pediatr Res 
11:564, 1977. 

2. Richards D, Nielsen F: Angiographic media 
and the sickling phenomenon. Surg Forum 
22:403-404, 1971. 

3. Allen JP, Imbus CE, Powars DR, et al: 
Neurologic impairment induced by hyperventila- 
tion in children with sickle cell anemia. Pediat- 
rics 58:124, 1976. 


Giant Cell Arteritis With Normal 
Sedimentation Rate 


To the Editor.—Kansu and colleagues 
(Arch Neurol 34:624-625, 1977) have 


written an interesting article on giant 
cell arteritis with normal sedimenta- 
tion rate. Most neurologists will have 
seen similar cases but without the 
welcome biopsy confirmation offered 
by this report. I wish to illustrate a 
further point with reference to the 
onset of cranial arteritis during the 
concurrent suppression of another 
disorder with corticosteroids. 


Report of a Case.—A 69-year-old woman 
suffered intermittent left-sided headaches 
for many years, characteristic of migraine. 
For three years her late-onset asthma had 
been suppressed with prednisone, 10 mg 
daily. She had a 15-day history of poorly 
localized excruciating right-sided head- 
aches and associated scalp tenderness. 
Three.days before being seen, she noticed 
diplopia and blurred vision on the right. 
Examination disclosed a right sixth nerve 
palsy, a pale optic disk with paucity of 
retinal vessels on that side, and diminished 
visual acuity. Palpation of scalp vessels was 
normal, as was ocular tension. The sedi- 
mentation rate was 6 mm/hr and the skull 
roentgenogram was normal. Prednisone, 
60 mg daily, was begun with dramatic 
improvement. Within 24 hours her head- 
aches had disappeared and have not re- 
curred three months hence. The sixth nerve 
palsy has improved but not completely 
resolved. She is now back to her mainte- 
nance dose of prednisone. 

Comment.—The diagnosis of cranial 
arteritis is based on the history and 
dramatic response to steroids and has 
not been entirely established. Intra- 
cranial aneurysm or migraine were 
other considered etiologies, but fur- 
ther investigation was not undertaken 
in view of the patient's age and 
improvement. The onset of cranial 
arteritis in a patient who is receiving 
corticosteroids is quite feasible and is 
supported by the not uncommon 
relapse of patients with established 
arteritis while receiving maintenance 
doses of 10 to 20 mg of prednisone. In 
a condition such as this, where a short 
delay in treatment may result in 
disastrous sequelae, the physician 
should be alert to the possibility of a 
corticosteroid-responsive disease de- 
veloping during the concurrent ad- 
ministration of corticosteroids for 
another illness. The absence of a 
raised sedimentation rate should not 
deter him from early intervention. 

P. NEWMAN, MB, MRCP 
Dept of Neurol 
Middlesbrough Gen Hosp 
Middlesbrough, Cleveland 
TS5 5A2 England 
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Books 


The Self and Its Brain: An Argument for Interac- 
tionism, by Karl R. Popper and John C. Eccles, 
$17.90, 597 pp, New York, Springer International, 
1977. 


In this unusual book, two of the 
most remarkable figures of the twen- 
tieth century have come together to 
defend ideas that many of their 
contemporaries would regard as out- 
moded as the antimacassar or the 
two-hour sermon. The reader who is 
prepared to take on the task of find- 
ing his way through the intricacies of 
the arguments and, at times, the opac- 
ity of the language, will discover that 
Popper and Eccles have adopted a 
philosophical posture that most mod- 
ern philosophers and scientists would 
place in the same category as a belief 
in rain gods or special creation. We 
have become so accustomed to the 
casual rejection of psychophysical 
dualism that suddenly to confront it in 
live print may give one the feeling of 
a character in a Borges story that he 
has heard it all before—several centu- 
ries ago. 

This book cannot, however, be 
dismissed casually. The authors in fact 
take the stand that mind is real, with 
a separate existence from the body. 
Even more striking, they argue that 
mind is more than an ethereal corona 
surrounding a real electrical dis- 
charge, and that what goes on in the 
mind in turn influences the physical 
world. They believe, therefore, not 
merely in body-mind parallelism, but 
in actual interaction between the two. 
The combination of the talents of the 
two authors makes it difficult to 
reject the argument on the basis of 
either philosophical naivete or igno- 
rance of the workings of the real 
brain. 

The format is as unusual as the 
authorship. Popper presents his views 
in the first part. In the second section 
of the book, Eccles first gives us a 
rapid and elegant survey of the 
current state of knowledge of the 
functions of the brain, and then 
proceeds to expound his own views on 
mind-body interaction. The final sec- 
tion is a metaphysical talk show in the 
form of a series of actual dialogues 
between Eccles and Popper. 

The book is not easy reading and is 
only suited to those who have a special 
taste for complex dialectic. To follow 
the argument fully would probably 
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take several readings. There are 
points at which the argument has 
gaps, since the authors, just like those 
diametrically opposed to them philo- 
sophically, occasionally slip past a 
difficult point or lightly dismiss possi- 
ble criticisms of their position. 

It seems to this reviewer that there 
is one major conclusion that the 
authors have avoided, although it 
might open the way to what at first 
seems to be totally unlikely, ie, the 
possibility of experimental study of 
the implications of the dualist view. A 
standard argument against dualism 
rests on the assertion that a computer 
whose components had the exact prop- 
erties and connections of all the 
neurons in a brain would have all of 
the properties of that brain. Popper, 
however, rejects the idea that such a 
machine would possess consciousness. 
But why doesn’t Popper take the far 
stronger stand that this device would 
indeed have a consciousness that 
would in turn affect the physical oper- 
ations of its own circuitry? 

Perhaps the two authors might not 
wish to face the logical (and, for all 
one knows, possibly perfectly correct) 
conclusion that a strict dualist and 
interactionist position opens up the 
possibility of creation of a Franken- 
stein or a Golem with a mind all its 
own. Modern physics has for a long 
time had a monopoly on bizarre theo- 
ries—consider, even briefly, relatively, 
quantum jumps, the indeterminacy 
principle, to mention only a few, that 
have stood the test of the laboratory. 
Perhaps, it is the turn of the brain 
sciences to prove that they are equally 
capable of generating anti-intuitive 
but verifiable theories. 

NORMAN GESCHWIND, MD 
Boston 


Chase, Chance, and Creativity, by James H. 
Austin, $12.95, 237 pp, 13 illus, New York, Colum- 
bia University Press, 1978. 

In this book, Dr Austin presents an 
engaging account of his personal 
odyssey as a neurological investigator. 
Drawing on his own experience as 
well as on illustrative incidents in the 
lives of other investigators, he offers a 
penetrating analysis of the factors 
that play a role in medical research. 
Briefly stated, his thesis is that cre- 
ative achievement, as reflected in 
important medical discoveries, it is 


not likely to result from the operation 
of any single factor, such as creative 
imagination, dogged persistence, or 
extraordinary drive and curiosity, but 
rather from the interaction of all of 
them, with Dame Fortune or chance 
more often than not playing a decisive 
role as catalyst. As the author himself 
states, he has chosen to emphasize 
"the more capricious side of discov- 
ery." 
The point is illustrated in a dozen 
different ways. For example, Judy 
and James Austin's deep commitment 
to the cause of world peace and their 
involvement with the United World 
Federalists led to a radical change in 
plans for his first sabbatical leave. 
Instead of study at the Karolinska 
Institute, as originally intended, the 
final decision was to go to India to 
teach neurology. There, Austin met 
the biochemist and enzyme specialist, 
Bimal Bachhawat. They pooled their 
expertise and initiated a collaborative 
effort that eventually elucidated the 
nature of the sulfatase deficiency 
in metachromatic leukodystrophy. 
Another cited example involves the 
Austins’ spaniel, a growth on the dog’s 
neck resulting from irritation by a bell 
that his master had tied on him to 
keep up with his whereabouts, surgi- 
cal removal of the growth, a curious 
inflammatory reaction of the lymph 
glands after surgery, and identifica- 
tion of spherules of starch from the 
surgeon’s gloves as the cause of the 
inflammation, all of which eventually 
led to the discovery “that Lafora 
bodies, like starch, were essentially a 
glucose polymer.” 

Later chapters in the book deal with 
the dimensions of creativity, the 


- nature of the creative personality, and 


the ways in which creative thinking 
and action can be deliberately fos- 
tered. The role of intuition and visual- 
ization (and, by inference, of the right 
cerebral hemisphere) in creative 
thinking is also discussed. 

A wide range of readers will find 
this highly personal book to be stimu- 
lating and instructive. Because of the 
subject matter that it treats, it is 
especially to be recommended to 
young neurologists and neuroscien- 
tists who are sure to gain inspiration 
and insight from it. 

ARTHUR L. BENTON, PHD 
Iowa City 
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Calendar and News 


1978 
Aug 27- Sept 1 


Aug 3l- Sept 6 


Sept 6-8 


Oct 6-7 


Nov 5-9 
Dec 11-15 
1979 
Jan 22-26 
Feb 8-10 
11-24 
22-25 
March 30-31 
April 22-26 
May 28- June 1 
July 12-14 


27-31 


CALENDAR OF MEETINGS 
1978-1979 


Second World Congress on Pain, Queen Elizabeth Hotel, 
Quebec 

Second World Congress of Biological Psychiatry, Barcel- 
ona, Spain 

International Symposium on Folic Acid and the Nervous 
System, Hotel Loews La Cite, Montreal 
Intensive Behavior Modification Workshop by Luke 
Watson, Toronto 

American Electroencepthalographic Society, Hyatt Re- 
gency Embarcadero Hotel, San Francisco 

International Epilepsy Symposium, Bayshore Inn, Van- 
couver, Canada 

Fourth International Congress on Neuromuscular Dis- 
eases, Montreal 

Intensive Behavior Modification Workshop by Luke 
Watson, Minneapolis 

The American Neurological Association, annual meeting, 
Shoreham-Americana Hotel, Washington, DC 
International Society of Neuropathology, VIIIth Interna- 
tional Congress, Shoreham-Americana Hotel, Washing- 
ton, DC 

Congress of Neurological Surgeons, annual meeting, 
Washington Hilton, Washington, DC 

American Association of Electromyography and Electro- 
diagnosis, 25th annual meeting, Stouffer’s Riverfront 
Towers, St Louis 

The Second International Food Allergy Symposium, 
Mexico City 

Central Neuropsychiatric Association, annual meeting, 
Greenbrier Hotel, White Sulphur Springs, WVa 
American Academy of Neurological Surgery, annual 
meeting, Munich, Germany 

Southern EEG Society, annual meeting, Atlanta 

Society for Neuroscience, annual meeting, St Louis 
Convention Center, St Louis 

Neurosurgery—New York City 1978, postgraduate pro- 
gram, Roosevelt Hotel and The Neurological Institute, 
New York 


Southern Clinical Neurological Society, Pier 66 Hotel, Ft 
Lauderdale, Fla 

Fourth Annual International Joint Stroke Conference. 
Hyatt Regency Hotel, Phoenix, Ariz 

Winter Seminar in Neurology and Neurosurgery, Corti- 
na, Italy and Chamonix, France 

The Federation of Western Societies of Neurological 
Sciences Inc, Mountain Shadows, Scottsdale, Ariz 
Central Association of Electroencephalographers, Lex- 
ington, Ky 

The American Association of Neurological Surgeons 47th 
annual meeting, Century Plaza Hotel, Los Angeles 

The Ninth International Symposium on Cerebral Blood 
Flow and Metabolism, Tokyo 

European Society For Stereotactic and Functional Neuro- 
surgery, Paris 

International Congress of Sleep Research, Tokyo 
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International Symposium on Folic 
Acid and the Nervous System.—A major 
symposium on folate deficiency and 
its consequences will be held Sept 6-8, 
1978, at the Hotel Loews La Cite, 
Montreal. It has been organized by the 
Clinical Research Institute of Mon- 
treal and the Hotel-Dieu Hospital. For 
further information contact Diana 
Cronin, 110 Pine Ave West, Montreal, 
Quebec H2W 1R7, Canada. 


Symposium on Neuro-Ophthalmology 
and Orbital Computerized Tomogra- 
phy.—The Department of Neurology 
of the Medical College of Pennsylva- 
nia announces a course in neuro- 
ophthalmology and orbital computer- 
ized tomography to be held in Phila- 
delphia on Sept 27, 1978. For further 
information contact Dr Jack Green- 
berg, Professor of Neurology, c/o 
Episcopal Hospital, Front & Lehigh, 
Philadelphia, PA 19125. 


American Association of Electromyog- 
raphy and Electrodiagnosis.— The Amer- 
ican Association of Electromyography 
and Electrodiagnosis will hold its 25th 
annual meeting on Oct 6-7, 1978, at 
Stouffers Riverfront Towers, St 
Louis. For further information con- 
tact John L. Melvin, MD, 7010 Via 
Valverde, La Jolla, CA 92037. 


Fourth International Symposium on 
Wilson's Disease.— The fourth interna- 
tional symposium on Wilson's disease 
will be held in Buenos Aires, on Nov 
13-14, 1978. For further information 
contact General Secretariat, Congre- 
sos Internacionales SA, Reconquista 
533, Sixth Floor, Buenos Aires, 1003 
Capital Federal, Argentina. 


Society for Computerized Tomogra- 
phy and Neuroimaging.—The second 
annual meeting of the Society for 
Computerized Tomography and Neu- 
roimaging will again be held at Sea 
Pines Plantation on Hilton Head 
Island, SC, Oct 29-Nov 2, 1978. 

A preliminary certification exami- 
nation is being developed by Dr 
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William Kinkel as chairman of the 
certification committee. 

Submit abstracts to Lawrence Ja- 
cobs, MD, Dent Neurological Insti- 
tute, Millard Fillmore Hospital, 3 
Gates Circle, Buffalo, NY 14209. 


American Hearing Research Founda- 
tion.—A midwinter symposium on 
neurotology sponsored by the Ameri- 
can Hearing Research Foundation 
and Northwestern University Medical 
School will be held Feb 24-March 3, 
1979, in Snowmass (Aspen), Colo. 
Contact Jack D. Clemis, MD, Ameri- 
can Hearing Research Foundation, 55 
E Washington St, Suite 2105, Chicago, 
IL 60602. 


Central Association of Electroenceph- 
alographers.—The following officers 
were elected at the recent annual 
meeting of the Central Association of 
Electroencephalographers, in Omaha: 
president, Dr Frank Sharbrough; 
president-elect, Dr Barbara West- 
moreland; secretary-treasurer, Dr W. 
Allen Hauser; council members, Dr 
Keith Bogart, Dr Victor Milstein, Dr 
Phiroze Hansotia, and Ms Aline 
Portner. The next meeting will be 
held in Lexington, Ky, on March 30-31, 
1979. Contact Dr W. Allen Hauser, St 
Paul-Ramsey Hospital, 640 Jackson 
St, St Paul, MN 55101. 


The American Association of Neuro- 
logical Surgeons.-The 46th annual 
meeting of the American Association 
of Neurological Surgeons was held in 
New Orleans, April 23-27, 1978. New 
officers for the coming year are: pres- 
ident, Donald F. Dohn, MD; vice-pres- 
ident, Ross H. Miller, MD; president- 
elect, W. Eugene Stern, MD; secre- 
tary, Charles Brackett, Jr, MD; and 
treasurer, Byron C. Pevehouse, MD. 

The 1979 meeting will be held at the 
Century Plaza Hotel, Los Angeles, 
Calif, April 22-26. 


The National Neurofibromatosis 
Foundation Inc.—A National Neurofi- 
bromatosis Foundation has been 
formed. The purposes of the founda- 
tion are (1) to provide patients with 
neurofibromatosis and their families 
with information about the disease 
and to assist them in medical, social, 
and genetic counseling; (2) to act as 
an information source for physicians 
and health workers on neurofibroma- 
tosis and related disorders; (3) to 
promote and support scientific re- 
search on the cause, prevention, and 
treatment of neurofibromatosis. A 
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multidisciplinary medical advisory 
board has been named. Physicians 
who have patients with neurofibroma- 
tosis are requested to have them 
contact the foundation at the follow- 
ing address: Lynne Ann Courte- 
manche, RN, President, National Neu- 
rofibromatosis Foundation, 340 E 80th 
St #21H, New York, NY 10021; tele- 
phone, (212)744-4601. 


Notes From NINCDS 


Criteria Established for Guillain-Barré 
Diagnosis.—Diagnostic criteria for the 
Guillain-Barré syndrome have been 
established by an ad hoc NINCDS 
committee. 

Since diagnosis of the Guillain- 
Barré syndrome is descriptive, the 
criteria are expected to help neurolo- 
gists and nonneurologists recognize 
the syndrome's diagnostie bounda- 
ries. 

Drafting of the guidelines was 
precipitated in part by the increased 
incidence of Guillain-Barré syndrome 
last year associated with the swine flu 
vaccine and by the possibility of an 
increased incidence this year asso- 
ciated with the newly developed Rus- 
sian flu vaccine. 

When asked for diagnostic criteria 
by the National Institute of Allergy 
and Infectious Diseases (planning 
Russian flu vaccine studies) and by 
the Center for Disease Control (plan- 
ning vaccine-related epidemiological 
studies), Dr Tower requested a com- 
mittee chairman be appointed by the 
American Academy of Neurology and 
the American Neurological Associa- 
tion. 

Consensus was achieved on the 
following criteria by committee mem- 
bers Arthur K. Asbury, MD, Universi- 
ty of Pennsylvania (committee chair- 
man) Barry G. W. Arnason, MD, 
University of Chicago; Herbert R. 
Karp, MD, Emory University; and 
Dale E. McFarlin, MD, NINCDS. 

The features that allow a diagnosis 
of the Guillain-Barré syndrome in- 
clude clinical, laboratory, and electro- 
diagnostic criteria. The problem is not 
with recognition of a typical ease, but 
with knowing the boundaries by 
which the disorder is delimited. The 
following criteria are established, in 
light of eurrent knowledge and opin- 
ion, to define those limits. 

The presence of preceding events is 
frequent, but they are not essential to 
the diagnosis. Most commonly, these 
are viral infections, but the associa- 
tion of Guillain-Barré syndrome with 


preceding surgery, inoculations, and 
mycoplasma infections is also known. 
In addition, Guillain-Barré syndrome 
occurs more frequently than by 
chance in the setting of preexisting 
illnesses such as Hodgkin's disease, 
lymphoma, and lupus erythematosus. 
Many patients with Guillain-Barré 
syndrome will have no history of any 
of these and the diagnosis should be 
made independent of these events. 

Features Required for Diagnosis.— 
One of the features is the progressive 
motor weakness of more than one 
limb. The degree of weakness ranges 
from minimal weakness of the legs, 
with or without mild ataxia, to total 
paralysis of the muscles of all four 
extremities and trunk, bulbar and 
facial paralysis, and external ophthal- 
moplegia. Another, the universal are- 
flexia (loss of tendon jerks) is the rule, 
although distal areflexia with definite 
hyporeflexia of the biceps and knee 
jerks will suffice if other features are 
consistent. 

Features Strongly Supportive of 
Diagnosis.—Clinical features, ranked 
in order of importance, are as follows: 
(1) Progression: symptoms and signs 
of motor weakness progress rapidly 
but cease to progress by four weeks 
into the illness. Approximately 50% 
will reach the nadir by two weeks, 80% 
by three weeks, and more than 90% by 


four weeks. (2) Relative symmetry: - 


symmetry is seldom absolute, but 
usually if one limb is affected, the 
opposite is as well. (8) Mild sensory 
symptoms or signs. (4) Cranial nerves: 
facial weakness occurs in approxi- 
mately 50% and is frequently bilater- 
al. Other cranial nerves may be 
involved, particularly the nerves in- 
nervating the tongue and muscles of 
deglutition, and occasionally the ex- 
traocular motor nerves. On occasion, 
less than 5%, the neuropathy may 
begin in the nerves to the extraocular 
muscles or other cranial nerves. (5) 
Recovery: it usually begins two to four 
weeks after progression stops. Recov- 
ery may be delayed for months. Most 
patients recover functionally. (6) Au- 
tonomic dysfunction: tachycardia and 
other arrhythmias, postural hypoten- 
sion, hypertension, and vasomotor 
symptoms, when present, support the 
diagnosis. These findings may fluc- 
tuate. Care must be exercised to 
exclude other bases for these symp- 
toms such as pulmonary embolism, 
ete. (7) Afebrile at onset of neuritic 
symptoms. 

Variants not ranked are as follows: 
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(1) Fever at onset of neuritic symp- 
toms. (2) Severe sensory loss with 
pain. (3) Progression beyond four 
weeks. Occasionally, a patient will 
continue to progress for many weeks 
longer than four or have a minor 
relapse. (4) Progression stops, but no 
recovery occurs, or major permanent 
residual deficit remains. (5) Sphinc- 
teric function: usually the sphincters 
are not affected, but transient bladder 
paralysis may occur during the evolu- 
tion of symptoms. (6) Central nervous 
system involvement: ordinarily, Guil- 
lain-Barré syndrome is thought of as a 
disease of the peripheral nervous 
system. Evidence of CNS involvement 
is controversial. In occasional pa- 
tients, such findings as severe ataxia 
interpretable as cerebellar in origin, 
dysarthria, extensor plantar re- 
sponses and ill-defined sensory levels 
are demonstrable, and need not 
exclude the diagnosis if other features 
are typical. 

The following CSF features are 
strongly supportive of diagnosis: 
First, CSF protein: after the first 
week of symptoms, CSF protein is 
increased or has been shown to rise on 
serial LPs. Second, CSF cells: ten or 
less mononuclear leukocytes per cu 
mm in CSF. 

Variants are as follows: (1) No CSF 
protein rise in the period of one to ten 
weeks after onset of symptoms (rare). 
(2) Eleven to 50 mononuclear leuko- 
cytes per cu mm of CSF. 

The following electrodiagnostic fea- 
tures are strongly supportive of diag- 
nosis: Approximately 80% will have 
evidence of nerve conduction slowing 
or block at some point during the 
illness. Conduction velocity is usually 
less than 60% of normal, but the 
process is patchy and not all nerves 
are affected. Distal latencies may be 
increased up to as much as three times 
normal. Use of F wave responses 
often gives a good indication of slow- 
ing over proximal portions of nerve 
trunks and roots. Up to 20% of the 
cases will have normal conduction 
studies. Conduction studies may not 
become abnormal until several weeks 
into the illness. 

Features Casting Doubt on Diagno- 
sis.—The following are features that 
cast doubt on the diagnosis: marked 
persistent asymmetry of weakness; 
persistent bladder or bowel dysfunc- 
tion; bladder or bowel dysfunction at 
onset; greater than 50 mononuclear 
leukocytes per cu mm in CSF; 
presence of polymorphonuclear leuko- 
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cytes in CSF; and sharp sensory 
level. 

Features Ruling out Diagnosis.— 
The following are features that rule 
out the diagnosis: (1) A current histo- 
ry of hexacarbon abuse (volatile 
solvents: n-hexane and methyl n-butyl 
ketone). This includes huffing of paint 
lacquer vapors or addictive glue sniff- 
ing. (2) Abnormal porphyrin metabo- 
lism indicating a diagnosis of acute 
intermittent porphyria. This would 
manifest as increased excretion 
of porphobilinogen and delata- 
aminolevulinie acid in the urine. (3) A 
history or finding of recent diptheritic 
infection, either faucial or wound, 
with or without myocarditis. (4) Fea- 
tures that are clinically consistent 
with lead neuropathy (upper limb 
weakness with prominent wrist drop; 
may be asymmetrical) and are evi- 
dence of lead intoxication. (5) The 
occurrence of a purely sensory syn- 
drome. (6) On occasion, other condi- 
tions, such as poliomyelitis, botulism, 
paralysis, and toxic neuropathies, (eg, 
nitrofurantoin, dapsone, organophos- 
phorus compounds), may be confused 
with Guillain-Barré syndrome. A defi- 
nite diagnosis of any of these other 
conditions rules out Guillain-Barré 
syndrome. 

Peripheral Neuropathy Research Cen- 
ter—A peripheral neuropathy re- 
search center has been established at 
the Mayo Clinic and Foundation in 
Rochester, Minn, through an NINCDS 
grant-in-aid. This center will be under 
the direction of Dr Peter J. Dyck. 

More than 6,500 patients with 
neuromuscular disorders are seen 
yearly at the Mayo Clinic and more 
than half of these suffer from periph- 
eral neuropathy. Currently, treatment 
is known only for leprosy, entrap- 
ment, and some nutritionally caused 
neuropathies. The center plans to 
coordinate multidisciplinary research 
on human and experimental neuropa- 
thies to determine causation and 
develop effective treatment. Although 
the grant primarily emphasizes stud- 
ies on diabetic neuropathies, research 
also will be undertaken on neuropa- 
thies arising from heavy metal intoxi- 
cation and inflammatory diseases, 
and on genetically determined neu- 
ropathies. 

Infantile Autism.—NINCDS is re- 
questing proposals for research on the 
acquisition of language and communi- 
cative skills by speech and sign in 
infantile autism (RF P-NIH-NINCDS- 
78-09). 


A study is proposed of the develop- 
ment of communicative skills by autis- 
tic children when their language 
training involves only speech stimuli, 
only sign stimuli, speech and sign 
presented simultaneously, or speech 
and sign presented independently. 

Closing date for proposal receipt 
tentatively has been set for June 30, 
1978. Requests for the RFP package 
should be sent to Mrs. Patricia E. 
Davis, National Institute of Neurolog- 
ical and Communicative Disorders 
and Stroke, CMB, 7550 Wisconsin Ave, 
Federal Building Room 1012, Bethes- 
da, MD 20014. 

Peptide Symposium Rescheduled.— 
The NINCDS international sympo- 
sium on the "Role of Peptides in 
Neuronal Function," originally sched- 
uled for Sept 25-27, 1978, has been 
rescheduled for May 7-9, 1979. 

Because of the unusually heavy 
response to the meeting’s initial 
announcement, the postponement 
should enable the institute to accom- 
modate all those who express an inter- 
est in attending. 

The program remains the same. 
Sessions will highlight the anatomy 
and physiology of peptidergic neu- 
rons, biochemistry and neurosecretion 
of peptides, and intercellular peptide 
communication. There also will be a 
review of the neurobiology of specific 
peptides such as angiotensin, neuro- 
tensin, LHRH, substance P, VIP, 
TRH, olfactory system peptide, bag- 
cell hormone, and neurodepressing 
hormone. 

One entire day will be devoted 
exclusively to the pharmacology, phys- 
iology, and potential clinieal applica- 
tions of opiate peptides, the "body's 
own drugs." 

Symposium organizers are Drs Jef- 
fery Barker and Thomas B. Smith of 
the NINCDS Laboratory of Neuro- 
physiology. Questions concerning the 
symposium or requests for invitations 
should be sent to Drs Barker or Smith, 
Bldg 36, Rm 2C-02, National Insti- 
tutes of Health, 9000 Rockville Pike, 
Bethesda, MD 20014, or telephone 
(301) 496-2414. 

‘Stiff-Man Syndrome’ Patients 
Sought.—Patients with “Stiff-man 
syndrome” are being sought for 
biochemical and pharmacological 
studies at the NINCDS Clinical Cen- 
ter. Patients with this syndrome may 
be referred to Drs Jay Nutt or Adrian 
Williams, NIH/NINCDS, Bldg 10, Rm 
2D11, Bethesda, MD 20014, or tele- 
phone (301) 496-4604. 
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An early stage in the migraine episode—constricted cerebral 
arteries impair blood flow and evoke the warning aura. Taken 
now, Wigraine can often abort the attack before the onset of 
painful headache. 
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DESCRIPTION SYMMETREL® is designated generically 


as amantadine hydrochloride and chemically 
as 1-adamantanamine hydrochloride. 


*HCI 


Amantadine hydrochloride is a stable, white crystalline substance readily soluble in water. It is readily 
absorbed, is not metabolized, and is excreted unchanged in the urine. 


ACTIONS: The mechanism of action of SYMMETREL® in the treatment of Parkinson's disease and 
drug-induced extrapyramidal reactions is not known. It has been shown to cause an increase in 
dopamine release in the animal brain. The drug does not possess anticholinergic activity in animal 
tests at doses similar to those used clinically. 


The antiviral activity of SYMMETREL® against the influenza A virus in humans is not completely 
understood. The mode of action of SYMMETREL® appears to be the prevention of the release of 
infectious viral nucleic acid into the host cell. SYMMETREL* does not appear to interfere with the 
immunogenicity of inactivated influenza A virus vaccine. 


INDICATIONS: Parkinson's Disease/Syndrome and Drug-Induced Extrapyramidal Reactions: 
SYMMETREL? is indicated in the treatment of idiopathic Parkinson's disease (Paralysis Agitans), 
postencephalitic parkinsonism, drug-induced extrapyramidal reactions, and symptomatic 
parkinsonism which may follow injury to the nervous system by carbon monoxide intoxication. It is 
indicated in those elderly patients believed to aevelop parkinsonism in association with cerebral 
arteriosclerosis. In the treatment of Parkinson's disease, SYMMETREL? is less effective than 
levodopa, (-)-3-(3,4-dihydroxyphenyl)-L-alanine, and its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established. Although anticholinergic type side 
effects have been noted with SYMMETREL* when used in patients with drug-induced extrapyramidal 
reactions, there is a lower incidence of these side effects than that observed with anticholinergic 
antiparkinson drugs. 


Influenza A Virus Respiratory Tract Illness: SYMMETREL® (amantadine hydrochloride) is indicated in 
the prevention (prophylaxis) and symptomatic management of respiratory tract illness caused by 
influenza A virus strains. SYMMETREL® should be considered especially for high risk patients, close 
household or hospital ward contacts of index cases and patients with severe influenza A virus illness. 
In the prophylaxis of influenza due to A virus strains, early immunization as periodically recommended 
by the Public Health Service Advisory Committee on Immunization Practices is the method of choice. 
When early immunization is not feasible, or when the vaccine is contraindicated or not available, 
SYMMETREL® can be used for chemoprophylaxis against influenza A virus illness. Because 
SYMMETREL® does not appear to suppress antibody response, it can be used chemoprophylactically 
in conjunction with inactivated influenza A virus vaccine until protective antibody responses develop. 
There is no clinical evidence that this drug has efficacy in the prophylaxis or symptomatic 
management of viral respiratory tract illnesses other than those caused by influenza A virus strains. 
CONTRAINDICATIONS: SYMMETREL* is contraindicated in patients with known hypersensitivity to 
the drug. 

WARNINGS: Patients with a history of epilepsy or other "seizures" should be observed closely for 
possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be followed closely as 
there are patients who developed congestive heart failure while receiving SYMMETREL®. 


Patients with Parkinson's disease improving on SYMMETREL® should resume normal activities 
gradually and cautiously, consistent with other medical considerations, such as the presence of 
osteoporosis or phlebothrombosis. 


Patients receiving SYMMETREL* who note central nervous system effects or blurring of vision should 
be cautioned against driving or working in situations where alertness is important. 


USE IN PREGNANCY: SYMMETREL® has not been studied in pregnant women. The use of this drug in 
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eere vt wimmieanimg ayc YUU ue urigertaken ONIY alter weighing the possible risks to the fetus 
against benefit to the patient. SYMMETREL® has been reported to be embryotoxic and teratogenic in 
rats at 50 mg/kg/day, about 12 times the recommended human dose, but not at 37 mg/kg/day. 
Embryotoxic and teratogenic effects were not seen in rabbits which received up to 25 times the usual 
recommended adult human dose. - 


NURSING MOTHERS: Since the drug is secreted in the milk, SYMMETREL* should not be 
administered to nursing mothers. 


PRECAUTIONS: SYMMETREL® (amantadine hydrochloride) should not be discontinued abruptly since 
a few patients with Parkinson's disease experienced a parkinsonian crisis, i.e., a sudden marked 
Clinical deterioration, when this medication was suddenly stopped. The dose of anticholinergic drugs — ' 
or of SYMMETREL® should be reduced if atropine-like effects appear when these drugs are used 
concurrently. 


The dose of SYMMETREL* may need careful adjustment in patients with renal impairment, congestive 
heart failure, peripheral edema, or orthostatic hypotension. Since SYMMETREL* is not metabolized 
and is mainly excreted in the urine, it may accumulate when renal function is inadequate. 


Care should be exercised when administering SYMMETREL® to patients with liver disease, a history of 
recurrent eczematoid rash, or to patients with psychosis or severe psychoneurosis not controlled by 
chemotherapeutic agents. Careful observation is required when SYMMETREL?® is administered 
concurrently with central nervous system stimulants. 


ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: depression, 
congestive heart failure, orthostatic hypotensive episodes, psychosis, and urinary retention. Rarely 
convulsions, leukopenia, and neutropenia have been reported. 


Other adverse reactions of a less serious nature which have been observed are the following: 
hallucinations, confusion, anxiety, and irritability; anorexia, nausea. and constipation; ataxia and 
dizziness (lightheadedness); livedo reticularis and peripheral edema. Adverse reactions observed less 
frequently are the following: vomiting; dry mouth; headache; dyspnea; fatigue, insomnia, and a sense 
of weakness. Infrequently, skin rash, slurred Speech, and visual disturbances have been observed. 
Rarely eczematoid dermatitis and oculogyric episodes have been reported. 


OVERDOSAGE: There is no specific antidote. For acute overdosing, general supportive measures 
should be employed along with immediate gastric lavage or induction of emesis. Fluids should be 
forced, and if necessary, given intravenously. The pH of the urine has been reported to influence the 
excretion rate of SYMMETREL® Since the excretion rate of SYMMETREL* increases rapidly when the 
urine is acidic, the administration of urine acidifying fluids may increase the elimination of the drug 
from the body. The blood pressure, pulse, respiration and temperature should be monitored. The 
patient should be observed for hyperactivity and convulsions; if required, sedation, and 
anticonvulsant therapy should be administered. The patient should be observed for the possible 
development of arrhythmias and hypotension: if required, appropriate antiarrhythmic and 
antihypotensive therapy should be given. The blood electrolytes, urine pH and urinary output should 
be monitored. If there is no record of recent voiding, catheterization should be done. The possibility of 
multiple drug ingestion by the patient should be considered. 


DOSAGE AND ADMINISTRATION: Dosage for Parkinsonism: The usual dose of SYMMETREL* 
(amantadine hydrochloride) is 100 mg twice a day when used alone. SYMMETREL® has an onset of 
action usually within 48 hours. 


The initial dose of SYMMETREL® is 100 mg daily for patients with serious associated medical illnesses 
or who are receiving high doses of other antiparkinson drugs. After one to several weeks at 100 mg 
once daily, the dose may be increased to 100 mg twice daily, if necessary. 


Occasionally, patients whose responses are not optimal with SYMMETREL® at 200 mg daily may 
benefit from an increase up to 400 mg daily in divided doses. However, such patients should be 
supervised closely by their physicians. 

Patients initially deriving benefit from SYMMETREL® not uncommonly experience a fall-off of 
effectiveness after a few months. Benefit may be regained by increasing the dose to 300 mg daily. 
Alternatively, temporary discontinuation of SYMMETREL® for several weeks, followed by reinitiation 
of the drug, may result in regaining benefit in some patients. A decision to use other antiparkinson 
drugs may be necessary. 


Concomitant Therapy: Some patients who do not respond to anticholinergic antiparkinson drugs may 
respond to SYMMETREL*. When SYMMETREL® or anticholinergic antiparkinson drugs are each used 
with marginal benefit, concomitant use may produce additional benefit. 


When SYMMETREL® and levodopa are initiated concurrently, the patient can exhibit rapid therapeutic 
benefits. SYMMETREL® should be held constant at 100 mg daily or twice daily while the daily dose of 
levodopa is gradually increased to optimal benefit. 


When SYMMETREL? is added to optimal well-tolerated doses of levodopa, additional benefit may 
result, including smoothing out the fluctuations in improvement which sometimes occur in patients 
on levodopa alone. Patients who require a reduction in their usual dose of levodopa because of 
development of side effects may possibly regain lost benefit with the addition of SYMMETREL* 


Dosage for Drug-Induced Extrapyramidal Reactions: The usual dose of SYMMETREL® (amantadine 
hydrochloride) is 100 mg twice a day. Occasionally, patients whose responses are not optimal with 
SYMMETREL® at 200 mg daily may benefit from an increase up to 300 mg daily in divided doses. 


Dosage for Prophylaxis and Symptomatic Management of Influenza A Virus Respiratory Tract 
IlIness: Adult: The adult daily dosage of SYMMETREL® (amantadine hydrochloride) is 200 mg: two 
100 mg capsules (or four teaspoonfuls of syrup) as a single daily dose, or the daily dosage may be 
split into one capsule of 100 mg (or two teaspoonfuls of Syrup) twice a day. If central nervous system 
effects develop on once-a-day dosage, a split dosage schedule may reduce such complaints. 


Children: 1 yr.-9 yrs. of age: The total daily dose should be calculated on the basis of 2 mg to 4 mg 
per pound of body weight per day (but not to exceed 150 mg per day). The daily dose, given as the 
syrup, should be given in two or three equal portions. 


9 yrs.-12 yrs. of age: The total daily dose is 200 mg given as one capsule of 100 mg (or two 
teaspoonfuls of syrup) twice a day. 


Prophylactic dosing should be started in anticipation of contact or as soon as possible after contact 
with individuals with influenza A virus respiratory illness. SYMMETREL® should be continued daily for 
at least 10 days following a known exposure. If SYMMETREL® is used chemoprophylactically in 
conjunction with inactivated influenza A virus vaccine until protective antibody responses develop, 
then it should be administered for 2 to 3 weeks after the vaccine has been given. When inactivated 
influenza A virus vaccine is unavailable or contraindicated, SYMMETREL® should be administered for 
up to 90 days in case of possible repeated and unknown exposures. Symptomatic management of 
influenza A virus illness should be started as soon as possible after onset of symptoms and should be 
continued for 24 to 48 hours after the disappearance of symptoms. 


HOW SUPPLIED: SYMMETREL® (amantadine hydrochloride) 


CAPSULES: (bottles of 100)-each red, soft gelatin capsule contains 100 mg amantadine 
hydrochloride. 


SYRUP: (1 pint)-each 5 ml (1 teaspoonful) of syrup contains 50 mg amantadine hydrochloride. 


Capsules manufactured by R.P. Scherer Corporation, Detroit, Michigan 48213 for 


€ndo Laboratories. Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) I= 
Garden City, N.Y. 11530 
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Must the MBD child take a 
controlled drug in school? 











Not if he's taking 
Cylert (pemoline) (v 





Children can be cruel. Their teasing about taking noontime 
medication can cause serious problems for the child with MBD. 


Here's how Cylert eliminates this problem: 


e Once a day dosage at home 
e Eliminates mid-day school dose 


In addition, Cylert offers these benefits: 


e Avoids ups and downs of drug action brought about by 
multiple daily dosage 


e Control of medication by the parent 

e A chewable dosage form 

e Less physician paper work (Cylert is in schedule IV) 

e Safety and efficacy proven in extensive clinical studies* 


*Copy of the Cylert Monograph available to Physicians on written request. 


When not to use medication 


Cylert should not be used for (and will not disorders, including psychosis. 
be effective in) simple cases of overactivity 


in scliool-age children. The physician should rely on a complete 


history of the child and a thorough descrip- 
Neither should it be used in the child who tion of symptoms from both parents and 
exhibits symptoms secondary to environ- teacher before postulating a diagnosis 
mental factors and/or primary psychiatric of MBD. 808326; 


cc) Please see next page for Prescribing Information. 





Cylert and Cylert Chewable Tablets 
(pemoline) 
Prescribing Information © 


Indications: MINIMAL BRAIN DYSFUNCTION IN CHILDREN —as 
ca therapy to other remedial measures (psychological, educational, 
social). 

Special Diagnostic Considerations: The cause of minimal brain dysfunction 
(MBD) is unknown. Diagnosis of MBD involves the use of medical, 
psychological, educational, and social tools, since no single diagnostic test is 
adequate. 

MBD is characterized by chronic moderate to severe hyperactivity, short 
attention span, distractibility, emotional lability, and impulsivity. 
Nonlocalizing (soft) neurological signs, learning disability, and abnormal 

G may or may not be present. The diagnosis of MBD must be based upon 
a complete history and evaluation of the child and not solely on the presence 
of one or more of these characteristics. 

Drug treatment is not indicated for all children with MBD. In the primary 
therapy of MBD, appropriate educational placement is essential and 
psychosocial intervention is generally necessary. When these measures alone 
are insufficient, the decision to prescribe stimulant medication will depend 
upon the physician’s assessment of the chronicity and severity of the child’s 
symptoms. Stimulants are not intended for use in the child who exhibits 
Symptoms secondary to environmental factors and/or primary psychiatric 
disorders, including psychosis. 


Contraindications: Cylert (pemoline) is contraindicated in patients with 
known hypersensitivity or idiosyncrasy to the drug. (See ADVERSE 
REACTIONS.) 


Warnings: Cylert is not recommended for children less than 6 years of age 
since its safety and efficacy in this age group have not been established. 

Sufficient data on the safety and the efficacy of the long-term use of Cylert 
in children with minimal brain dysfunction are not yet available. 

A temporary suppression of the predicted growth rate (weight and/or 
height gain) has been reported for children receiving long-term stimulant 
therapy. A definite causal relationship between stimulant drugs and this 
finding has not been established. 


Precautions: Liver function tests should be performed periodically during 
therapy with Cylert. The drug should be discontinued if abnormalities are 
revealed and confirmed by follow-up tests. (See ADVERSE REACTIONS 
regarding reports of abnormal liver function tests and jaundice.) 

Cylert should be administered with caution to patients with significantly 
impaired hepatic or renal function. 

The interaction of Cylert with other drugs has not been studied in humans. 
Patients who are receiving Cylert concurrently with other drugs, especially 
drugs with CNS activity, should be monitored carefully. 

Cylert failed to demonstrate a potential for self-administration in primates. 
However, the pharmacologic similarity of pemoline to other 
psychostimulants with known dependence liability suggests that 
psychological and/or physical dependence might also occur with Cylert. 
There have been isolated reports of transient psychotic symptoms occurring 
in adults following the long-term misuse of excessive oral doses of pemoline. 
Cylert should be given with caution to emotionally unstable patients who 
may increase the dosage on their own initiative. 

Usage during Pregnancy and Lactation: The safety of Cylert (pemoline) for 
use during pregnancy and lactation has not been established. 

Fertility, reproduction, and teratology studies were conducted in laboratory 
animals. Pemoline, in doses of 18.75 or 37.5 mg./kg./day, had no effect on the 
fertility of male or female rats. The drug, when given to pregnant rats (from 
gestation day 15 through weaning) and to rabbits (from gestation days 6-18) 
at these same dosage levels, produced no teratogenic or embryotoxic effects, 
and had no effect on the viability of the young at birth. However, increased 
incidences of stillbirths and cannibalization were observed when pemoline 
was given to rats at these dosage levels, beginning 14 days prior to conception. 


Adverse Reactions: Insomnia is the most frequently reported side effect of 
Cylert; it usually occurs early in therapy, prior to an optimum therapeutic 
response. In the majority of cases it is transient in nature or responds to a 
reduction in dosage. 

Anorexia with weight loss may occur during the first weeks of therapy. In 
the majority of cases it is transient in nature; weight gain usually resumes 
within three to six months. 

Stomach ache, skin rashes, increased irritability, mild depression, nausea, 
dizziness, headache, drowsiness, and hallucinations have been reported. 

Elevations of SGOT, SGPT, and serum LDH have occurred in patients 
taking Cylert, usually after several months of therapy. These effects appear to 
be reversible upon withdrawal of the drug, and are thought to be 
manifestations of a delayed hypersensitivity reaction. There have also been a 
few reports of jaundice occurring in patients taking Cylert; a causal 
relationship between the drug and this clinical finding has not been 
established. 

There have been reports of dyskinetic movements of the lips, face, and 
extremities occurring with the use of Cylert. Convulsive seizures have also 
been reported. A definite causal relationship between Cylert and these 
reactions has not been established. 

Mild adverse reactions appearing early during the course of treatment with 
Cylert often remit with continuing therapy. If adverse reactions are of a 
significant or protracted nature, dosage should be reduced or the drug 
discontinued. 


How Supplied: Cylert (pemoline) is supplied as monogrammed, grooved 
tablets in three dosage strengths: 
18.75 mg. tablets (white) in bottles of 100 (NDC 0074-6025-13) 
37.5 mg. tablets (orange-colored) in bottles of 100 (NDC 0074-6057-13) 
75 mg. tablets (tan-colored) in bottles of 100 (NDC 0074-6073-13) 
Cylert Chewable is supplied as monogrammed, grooved tablets in one 


dosage strength: 
37.5 mg. tablets (orange-colored) c) 
in bottles of 100 (NDC 0074-6088-13) 








There when it's 
needed! 


Today's lightest mobile 
system now records the most 
accurate signal. 


Mark Ill is the mobile lightweight that's heavily loaded 
with the right features—the ones you've always 
wanted in an EEG instrument. 


For example, Mark Ill's servo pen achieves the highest 
level of fidelity. It's the only one that can sweep over 
40mm without distortion. 


Mark Ill has a Preselector Override that let's you 
bypass the preselected program on any channel with 
the flip of a switch. 

Mark III has a built-in Balance Run that lets you check 
out the recording accuracy of all channels by simulat- 
ing a brain-wave signal. 

The Mark Ill does all this and more in a compact, 
modular 65 Ib. unit that's outstanding for its ease of 
operation and low noise. 


For all the facts, phone toll-free, or write Hittman 
Medcraft. 


Copyright—Hittman Corporation. 1978. All rights reserved. 


Hittman Medcraft, Box 542, Skippack, PA 19474. 
Phone 800-523-1946. In PA Phone (215) 584-6825. 
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Address 
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Instructions for Authors 


Send manuscripts by first-class mail to Maurice W. Van 
Allen, MD, Department of Neurology, University Hospital, 
University of Iowa, School of Medicine, lowa City, IA 
52242. Manuscripts are received with the understanding 
that they are not under simultaneous consideration by 
another publication. Accepted manuscripts become the 
permanent property of the ARCHIVES and may not be 
published elsewhere without permission from the publisher 
(AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effective Jan 1, 1978, transmittal letters to the editor should 
contain the following language: “In consideration of the 
American Medical Association’s taking action in reviewing and 
editing my submission, the author(s) undersigned hereby trans- 
fers, assigns, or otherwise conveys all copyright ownership to 
the AMA in the event that such work is published by the AMA.” 
We regret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessi- 
tate delay in review of the manuscript. 


Author Responsibility.—All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and provide his 
address and telephone number. Order reprints at the time 
. the typescript is returned after editorial processing. 
Specify address to which requests for reprints should be 
sent. 


Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 22 x 28 cm (8% x 11-inch), heavy- 
duty white bond paper. Ample margins should be 
provided. | 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.—Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punctua- 
tion and spaces, and be limited to two lines, if possible. The 
title page should include the full names and academic 
affiliations of all authors, the address to which requests for 
reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 


Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical 
jargon, obscure abbreviations, and abbreviated phrasing 
are to be avoided. 


Informed Consent.—Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract.—Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 

References.—List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include (1) 
author(s), (2) title, (3) journal name (as abbreviated in 


Index Medicus), (4) volume number, 
numbers, and (6) year, in that order. . 
should include (1) author(s), (2) chapt 
editor (if any), (4) title of book, (5) cit 
publisher, and (7) year. Volume an 
specific pages, and name of translatoi 
when appropriate. The author is 1 
accuracy and completeness of the refe 
correct text citation. 
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English units may also be given pa 
measurements were originally done it 
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reduction to column size. Artwork su 
tion may be relettered to achieve uni 
style throughout the journal. Magr 
should be provided when pertinent. 
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ted, affix type and leaders to a cl 
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be applied directly to the drawing | 
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the editors believe that color will add 
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expense of reproduction and printin; 
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After deducting the ARCHIVES contri 
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omputerized transaxial tomography (CT scan) is an important new noninvasive technique 
hat can help in determining the etiology of epileptic seizures. Shown here is a single slice 
rom a color-enhanced CT scan of the brain of a patient with epilepsy. The absence of vascula 
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A proven way 
to ad seizure control 


MYSOLI NE 


(primid one) Tablets 50 ma; 250 mg 


Suspension 250 mg/5 ml 


A sinale entity with multiple 
miliconveisadt properties 


Primidone itself has anticonvulsant activity. In addition, its major metabolite, 
phenylethylmalonamide (PEMA), exerts an anticonvulsant effect of its own 
and also enhances the anticonvulsant action of the second metabolite, pheno- 
barbital. In patients refractory to phenytoin and phenobarbital, primidone 
may prove effective as the sole therapy. * 














Multiple indications—grand mal, 
psychomotor, and focal epileptic seizures 


In grand mal, MYSOLINE is comparable i in efficacy to phenytoin and 
phenobarbital. 2:3 [n psychomotor seizures, phenobarbital is rarely effective.’ 
In focal seizures, phenytoin used alone is not indicated^— and, according to 
Forster? MY SOLINE is markedly more effective than phenobarbital, which 
should dispel the misconception that MYSOLINE is “just a phenobarbital.” 
(See chart below.) 








Agent Grand Mal Psychomotor Focal 























Efficacy ratings* Mysoline ++++ ++++ ++++ 

of anticonvulsants Mp e ; à HAT CA | 
- : ydantoinates i 

in epilepsy tihenutoind +++ + cae we 

Barbiturates 44 ry ded 


(phenobarbital ) 


* Relative effectiveness. ++++ being most effective 
Adapted from Forster. F M.3 








Consider it first for major motor epilepsies 


MY S OLINE (primidone) 


See next page for Brief Summary and references. 
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Start seizure control with 


MYSOLINE vrimidone) 


Initial dose in children over 8 years of age 
and adults: 250 ma daily at bedtime 


BRIEF SUMMARY 

(For full prescribing information. see package circular.) 
MYSOLINE* 

Brand of PRIMIDONE Anticonvulsant 


ACTIONS: MYSOLINE raises electro- or chemo- 
shock seizure thresholds or alters seizure patterns in 
experimental animals. The mechanism(s) of 
primidone's antiepileptic action is not known. 


Primidone per se has anticonvulsant activity as do its 
two metabolites. phenobarbital and phenylethylmal- 
onamide (PEMA). In addition to its anticonvulsant 
activity, PEMA potentiates that of phenobarbital in 
experimental animals. 


INDICATIONS: MYSOLINE, either alone or used 
concomitantly with other anticonvulsants, is indicated 
in the control of grand mal. psychomotor, and focal 
epileptic seizures. It may control grand mal seizures 
refractory to other anticonvulsant therapy. 


CONTRAINDICATIONS: Primidone is contraindi- 
cated in: 1) patients with porphyria and 2) patients who 
are hypersensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes 
several weeks before it can be assessed. 


Usage in pregnancy: The effects of MYSOLINE in 
human pregnancy and nursing infants are unknown. 


Recent reports suggest an association between the use 
of anticonvulsant drugs by women with epilepsy and 
an elevated incidence of birth defects in children born 
to these women. Data are more extensive with respect 
to diphenylhydantoin and phenobarbital. but these are 
also the most commonly prescribed anticonvulsants: 
less systematic or anecdotal reports suggest a possible 
similar association with the use of all known anticon- 
vulsant drugs. 


The reports suggesting an elevated incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodologic problems in obtaining adequate data on 
drug teratogenicity in humans; the possibility also 
exists that other factors. e.g.. genetic factors or the 
epileptic condition itself, may be more important than 
drug therapy in leading to birth defects. The great 
majority of mothers on anticonvulsant medication de- 
liver normal infants. It is important to note that anticon- 
vulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major sei- 
zures because of the strong possibility of precipitating 
status epilepticus with attendant hypoxia and threat to 
life. In individual cases where the severity and fre- 
quency of the seizure disorder are such that the re- 
moval of medication does not pose a serious threat to 
the patient. discontinuation of the drug may be consid- 
ered prior to and during pregnancy. although it cannot 
be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or 
fetus. 


The prescribing physician will wish to weigh these con- 
siderations in treating or counseling epileptic women of 
childbearing potential. 


Neonatal hemorrhage. with a coagulation defect re- 
sembling vitamin K deficiency. has been described in 
newborns whose mothers were taking primidone and 
other anticonvulsants. Pregnant women under anti- 
convulsant therapy should receive prophylactic vita- 
min K, therapy for one month prior to, and during. 
delivery. 

PRECAUTIONS: The total daily dosage should not 
exceed 2 g. Since MYSOLINE therapy generally ex- 
tends over prolonged periods, a complete blood count 
and a sequential multiple analysis-12 (SMA-12) test 
should be made every six months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in 







substantial quantities. Since tests for the presence of 
primidone in biological fluids are too complex to be 
carried out in the average clinical laboratory. it is 
suggested that the presence of undue somnolence and 
drowsiness in nursing newborns of MYSOLINE- 
treated mothers be taken as an indication that nursing 
should be discontinued. 


ADVERSE REACTIONS: The most frequently oc- 
curring early side effects are ataxia and vertigo. These 
tend to disappear with continued therapy. or with re- 
duction of initial dosage. Occasionally. the following 
have been reported: nausea. anorexia. vomiting. 
fatigue. hyperirritability. emotional disturbances. sex- 
ual impotency. diplopia. nystagmus. drowsiness, and 
morbilliform skin eruptions. Occasionally. persistent or 
severe side effects may necessitate withdrawal of the 
drug. Megaloblastic anemia may occur as a rare 
idiosyncrasy to MYSOLINE and to other anticonvul- 
sants. The anemia responds to folic acid without neces- 
sity of discontinuing medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 g per day. The initial dose is 
250 mg. Increments of 250 mg are added, usually at 
weekly intervals, to tolerance. or therapeutic effective- 
ness, up to daily doses not exceeding 2.0 g. A typical 
i schedule for the introduction of MYSOLINE is 
as follows: 


Adults and Children Over 8 Years of Age 


2nd Week 
250 mg b.i.d. 

4th Week 
250 mg q.i.d. 





Ist Week 
250 mg daily at bedtime 


3rd Week 
250 mg t.i.d. 


In children under 8 years of age, maintenance levels 
are established by a similar schedule. but at one-half 
the adult dosage. It is best to begin with 125 mg, with 
gradual weekly increases of 125 mg a day. to a daily 
total usually between 500 mg and 750 mq. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage 
of the other drug(s) is maintained or gradually de- 
creased. This regimen should be continued until satis- 
factory dosage level is achieved for combination. or the 
other medication is completely withdrawn. When 
therapy with this product alone is the objective. the 
transition should not be completed in less than two 
weeks. 


MYSOLINE 50 mg Tablet can be used to practical 
advantage when small fractional adjustments (upward 
or downward) may be required. as in the following 
circumstances: for initiation of combination therapy: 
during “transfer” therapy: for added protection in 
periods of stress or stressful situations that are likely to 
precipitate seizures (menstruation, allergic episodes. 
holidays. etc.). 


HOW SUPPLIED: MYSOLINE Tablets—No. 430 
—Each tablet contains 250 mg of primidone (scored), 
in bottles of 100 and 1,000. Also in unit dose package 
of 100. No. 431—Each tablet contains 50 mg of 

rimidone (scored). in bottles of 100 and 500. 

YSOLINE Suspension—No. 3850—Each 5 ml 
(teaspoonful) contains 250 mg of primidone, in bottles 
of 8 fluidounces. 


References: 1. Woodbury. D. M.. and Fingl, E.. in 
Goodman. L. S., and Gilman, A. (eds.): The Phar- 
macological Basis of Therapeutics, ed. 5, New York. 
Macmillan Publishing Co., Inc.. 1975, p. 222. 
2. Rodin, E., in Conn, H. F (ed.): Current Therapy 
1977, Philadelphia. W. B. Saunders Company. 1977. 
p. 716. 3. Forster. E. M.: Med. Clin. North Am. 47:1579 
(Nov.) 1970. 4. Physicians Desk Reference, ed. 31, 
Oradell, N.J.. Medical Economics Co.. 1977, p. 1175. 
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A valuable guide to diagnostic and therapeutic procedures 
for the cancer patient 


, Current Concepts in Cancer 


"w 


While national attention focuses on cancer through specialized cancer 
centers, physicians are aware that the majority of cancer patients 
are treated in office practices. For most practicing physicians, can- 
cer treatment is not a research objective, but a very practical prob- 
lem in patient management. 


Current Concepts in Cancer, a compilation of articles originally 
published in the Journal of the American Medical Association, is 
designed to be a guide for the practitioner in the choice of diagnostic 
and therapeutic procedures for many types of malignancies. It pre- 
sents an objective interdisciplinary view by MDs outstanding in their 
respective fields, emphasizing principles of diagnosis and surgical, 
radiotherapeutic, and chemotherapeutic treatment. 


Make this important resource a part of your reference file. Order 
your copy today. 

BENE mom vn me dE Pt ura UU t tm n pm mtn c e t a 
American Medical Association 
535 North Dearborn Street 
Chicago, Illinois 60610 
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Please send me copy(ies) of Current Concepts in Cancer 
(OP-281). Price is $10 per copy. Please enclose your remittance 
with order. 
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Address 
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AVAILABLE IMMEDIATELY 
FULL TIME 
NEUROLOGY POSITION 


U. S. Public Health Service 
Hospital 
77 Warren Street 
Boston (Brighton), Mass. 
02135 






Active program with universi- 
ty affiliation. Internship and 
medical residency. Potential 
for developing EEG laborato- 


ry. 






Compensation by Commission in 
the USPHS or Civil Service 
appointment. Call Chief of Medi- 
cine at 617/782-3400 (collect). 


Equal Employment Opportunity Employer 




















NEUROLOGIST AND PSYCHIA- 
TRIST—BOARD ELIGIBLE OR 
BOARD  CERTIFIED—MULITI- 
DISCIPLINARY ORGANIZATION; 
OPPORTUNITY FOR LEADER- 
SHIP AND PROGRAM DEVEL- 
OPMENT; ACTIVE TEACHING 
AND RESEARCH WITH MEDI- 
CAL STUDENTS AND RESI- 
DENTS IN THE COLLEGE 
OF COMMUNITY HEALTH 
SCIENCES OF THE UNIVERSITY 
OF ALABAMA. FACULTY AP- 
POINTMENT. EXCELLENT SAL- 
ARY AND BENEFITS. BOX 
6291, UNIVERSITY, AL. 35486. 
TELEPHONE (205) 348-7942. 
EO/AEE 
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Spend just 30 
minutes a week 
with American 
Medical News 











With a heavy patient load and the paperwork 
and the scientific reading you have to do, 
you don't have the time to sift through a lot 
of different publications to find out what’s 
happening in the practice of medicine. 


One publication gives you all the news you 
need to know: American Medical News! It's 
designed and edited for the busy 
practitioner. Every week American Medical 
News wraps up all the news in medicine 

in a package that is fast paced, easy 

to read, accurate, and thought provoking. 


American Medical News is must reading 
because you need to keep up-to-date on 
those developments that could affect the 
way you practice medicine. And no other 
publication can match it for timely, 
comprehensive coverage of the news. 


Give American Medical News just 30 
minutes a week; it will give you all the news 
you need to know on what's happening in 
the practice of medicine. 


Keeping your finger 
on the pulse of medicine 


| 


Current 
Neurology 


Volume 1 


A comprehensive annual review of neurology, edited by H. Richard Tyler, MD, 
Professor of Neurology, Harvard Medical School; Head, Section of Neurology, 
Peter Bent Brigham Hospital, Boston, Massachusetts, and David M. Dawson, 
MD, Associate Professor of Neurology, Harvard Medical School; Physician, 
Section of Neurology, Peter Bent Brigham Hospital, Boston, Massachusetts. 


With Volume 1 of CURRENT NEUROLOGY, Houghton Mifflin Professional 
Publishers introduces a concise, authoritative reference for your professional library. A must for both practitioners 
and researchers, CURRENT NEUROLOGY will be an invaluable aid to understanding recent developments and 


future trends in neurology. 
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e Covers the major areas of neurology, highlighting e Written and edited by leading authorities, capturing 
the excitement and vitality pervading neurology 


e 512 pages, 7 x 10”, hardbound, illustrated, well 


new developments with background perspective 


e Critical reviews of each field - not simply abstracts indexed 
Topical Content of CURRENT NEUROLOGY Volume 1: 
Neuromuscular Disorders Neoplastic Diseases 
Demyelinating Diseases Disorders of Higher Cortical Function 
Degenerative Disorders Basic Neurosciences 
Extrapyramidal and Movement Disorders Diagnostic Procedures 
Vascular Disorders Shorter Reviews 


Seizure Disorders 


Contributors 


Ronald Blum, MD, Hillel J. Chiel, MD, David O. Davis, MD, David M. Dawson, MD, H.B. Dinsdale, MD, 

H. Harris Funkenstein, MD, Roberto C. Heros, MD, Henn Kutt, MD, Loy D. Lytle, MD, Michael A. Moskowitz, MD, 
Richard M. Moxley III, MD, Bernard M. Patten, MD, Jonathan H. Pincus, MD, O. M. Reinmuth, MD, Joanna 
Sawicka, MD, Dennis J. Selkoe, MD, Gail E. Solomon, MD, Alexander M. Spence, MD, David A. Stumpf, MD, 

H. Richard Tyler, MD, Kenneth L. Tyler, MD, Howard L. Weiner , MD, Nicholas T. Zervas, MD 


Current Neurology 


Volume 1 
Please send me copies of CURRENT NEUROLOGY Volume 1 (9 $29 each (U.S. only; $37.50 elsewhere). Books may be 
returned within 15 days for a full refund if not completely satisfied. 


O Check enclosed 
O Visa (CJ Mastercharge 





) Publisher pays postage and handling. 














Card No. Name 

Expira&on Date... DE DÁM Specialty 

ILS DENN a UR T TP PRIUS ee ra Address 

C Please bill me } Postage and handling e(l oe es a ee 
[] Please bill my institution f included in billing. 


California, Massachusetts, and New Jersey residents please 


| 40 PB NND add sales tax. 


HIM Houghton Mifflin Professional Publishers, Medical Division 
MID Two Park Street, Boston, Massachusetts 02107 | 


Neurologist bd. cert. or elig. for 480-bed Med. 
Svc. part of a larger med. center having 
excellent ambulatory care, psychiatric and 
geriatric services OSMA approved cont. med. 
ed. prog. for AMA Phy. Recognition Award. 
JCAH approved. Hosp. located in southern Ohio 
natural recreation and scenic area. 45 min. 
from Columbus. Financial assistance in 
moving. 


WRITE OR CALL COLLECT 
CHIEF OF STAFF, 

VA HOSPITAL, 
CHILLICOTHE, OHIO 45601, 
(614) 773-1141, EXT. 202. 

EQUAL OPPORTUNITY EMPLOYER 


EVOKED POTENTIAL WORKSHOP 


A Workshop in the 
Practical Applications of 
Evoked Potential Testing 

in Clinical Neurology, 


November 9, 10, 11 


The Neurology Department of the University of California, Irvine 
Medical Center will present a workshop on the practical aspects 
of sensory evoked potential testing. 


Tutorial sessions will cover the principles of auditory, visual, and 
somatosensory evoked potentials, including recording methods, 
alterations with disorders of sensory and nervous system function, 
interpretation, and clinical utility. The presentations will be 


directed to the clinical neurologist and electrodiagnostician. 


Practical recording sessions dealing with each topic will be held 
throughout the workshop. Participants will record the various 
evoked potentials to become familiar with the techniques, 
limitations, and advantages of evoked potential testing. 


Enrollment is limited to facilitate close supervision during the practical 
sessions. 


Faculty: A. Starr, M.D. 
R. Amlie, M.D. 
A. M. Halliday, M.D. 
T. Picton, M.D., Ph.D. 


M. J. Rowe, III, M.D. 

K. Suires, Ph.D. 

W. Weiderholt, M.D. 

Staff, UCIMC Evoked Potential 
Laboratory 

H. Pratt, Ph.D. 


Tuition: $350 CME CREDIT AVAILABLE 


Address inquiries to: Dr. Kenneth C. Squires, Department of Neurology, 
101 City Drive South, Orange, California 92668. 









ROBERT S. MORISON FELLOWSHIP 






A Robert S. Morison Fellowship in Electroencephalogra- 
phy and Neurophysiology, to begin on or after July 1, 
1979, is offered by the Grass Foundation to M.D.’s who 
will have completed one or more years of residency in 
neurology or neurosurgery. It requires a program of 
clinical and research training toward an academic 
career in electroencephalography and neurophysiolo- 
gy. The fellowship may be awarded for one year and is 
renewable for up to three years upon review by the 
Foundation. The award will consist of a stipend of 
$17,000 for the first year of the fellowship, plus $600 
for each of the fellow’s dependent spouse and 
children, plus up to $3,000 for expenses of the fellow 
such as research costs, tuition, travel to one scientific 
meeting, and the like. 
















Send for information about application to The Grass 
Foundation, 77 Reservoir Road, Quincy, Massachusetts 
02170. Completed applications must be received by 
December 8, 1978. Notices of the award will be made 
before March 15, 1979. 









UNIVERSITY OF NEW MEXICO 
SCHOOL OF MEDICINE 


9th ANNUAL 
ROCKY MOUNTAIN 
NEURO-OPHTHALMOLOGY 
COURSE 


SNOW KING INN 
JACKSON HOLE/TETON VILLAGE 
WYOMING 
FEBRUARY 21, 22, 23, 1979 


. M. BICKNELL, M.D., Albuquerque, New Mexico 


. J]. SCHATZ, M.D., Philadelphia, Pennsylvania 
H. VAN DYK, M.D., Salt Lake City, Utah 
W. B. WILSON, M.D., Denver, Colorado 
B. R. YOUNGE, M.D., Rochester, Minnesota 


This course will include lectures and seminar sessions cover- 
ing basic disorders of ocular motility and the visual system. 
Ample time between sessions has been provided for leisure 
activity at the Jackson Hole/Teton Village and Snow King Ski 
areas and Grand Teton and Yellowstone National Parks. 


Tuition: $245.00 Resident Tuition: $125.00 upon application 
by their department head. 
Registration is limited. Make check payable to: 
UNIVERSITY OF NEW MEXICO 
OFFICE OF CONTINUING MEDICAL EDUCATION 


BUILDING M-2 
ALBUQUERQUE, NEW MEXICO 87131 


It’s what 
he needs 
most... 





Alert control 


In refractory grand 


mal and psychomotor 


epilepsy 





A distinctive feature of Tegretol is its 
ability to help control refractory grand 
mal and psychomotor epilepsy without 
excessive sedation. 


As Troupin reported** "...the degree to 
which people are more alert on Tegretol 
is quite striking.” 


Usual dosage for epilepsy: 


Adults and children over 12 years of age. 
Initial: one tablet (200 mg) b.i.d. on the 
first day. Increase gradually by adding 
up to 1 tablet daily using a t.i.d. or q.i.d. 
regimen. Dosage generally should not 
exceed 5 tablets daily in children 12-15 
years of age and 6 tablets daily in 
patients above 15 years of age. 


Maintenance: 


Adjust dosage to the minimum effective 
level, usually 4 to 6 tablets daily. 


Note: Because of its potential for 
adverse reactions, it is extremely im- 
portant that you become thoroughly 
familiar with the prescribing information 
on the following pages, especially the 
boxed warning concerning blood abnor- 
malities and the necessity for repeated 
blood counts. 


"Note: For details on pediatric dosage, please see 


full prescribing information on the following pages. 


**Troupin AS: The Choice of Anticonvulsants, Pro- 


ceedings of the 25th Western Institute of Epilepsy, 
March 26, 1975, Las Vegas, Nevada, p 5. 


Tegretol 


carbamazepine USP 


controls without 
oversedation 


Geigy 








Tegretol® 
brand of 
carbamazepine USP 


Tablets of 200 mg 


Prescribing Information 










WARNING 
SERIOUS AND SOMETIMES FATAL ABNOR- 
MALITIES OF BLOOD CELLS (APLASTIC 

ANEMIA, AGRANULOCYTOSIS, THROMBO- 
CYTOPENIA, AND LEUKOPENIA) HAVE BEEN 
REPORTED FOLLOWING TREATMENT WITH 
TEGRETOL, BRAND OF CARBAMAZEPINE. 














EARLY DETECTION OF HEMATOLOGIC 
CHANGE IS IMPORTANT SINCE, IN SOME PA- 
TIENTS, APLASTIC ANEMIA IS REVERSIBLE. 





INCLUDING PLATELET AND POSSIBLY RE- 
TICULOCYTE AND SERUM IRON, SHOULD BE 
OBTAINED. ANY SIGNIFICANT ABNORMAL- 
ITIES SHOULD RULE OUT USE OF THE DRUG. 
THESE SAME TESTS SHOULD BE REPEATED 
AT FREQUENT INTERVALS, POSSIBLY WEEKLY 
DURING THE FIRST THREE MONTHS OF 
THERAPY AND MONTHLY THEREAFTER FOR 
AT LEAST TWO TO THREE YEARS. THE DRUG 
SHOULD BE STOPPED IF ANY EVIDENCE OF 
BONE MARROW DEPRESSION DEVELOPS. 


















PATIENTS SHOULD BE MADE AWARE OF THE 
EARLY TOXIC SIGNS AND SYMPTOMS OF A 
POTENTIAL HEMATOLOGIC PROBLEM, SUCH 
AS FEVER, SORE THROAT, ULCERS IN THE 
MOUTH, EASY BRUISING, PETECHIAL OR 
PURPURIC HEMORRHAGE, AND SHOULD BE 
ADVISED TO DISCONTINUE THE DRUG AND 
TO REPORT TO THE PHYSICIAN IMMEDIATELY 
IF ANY SUCH SIGNS OR SYMPTOMS APPEAR. 










This drug is not a simple analgesic and should 
not be used for the relief of trivial aches or 
pains. Treatment of epilepsy should be re- 
stricted to those classifications listed under 
"Indications." 


Before prescribing Tegretol, brand of carbam- 
azepine, the physician should be thoroughly 
familiar with the details of this prescribing in- 
formation, particularly regarding use with other 
drugs, especially those which accentuate toxic- 
ity potential. _ 


Description Tegretol, brand of carbamazepine, is 
an iminostilbene derivative, 5H-dibenz [b.f] 
azepine-5-carboxamide, and has the following 
chemical structure: 


N 
I 
CONH, 


It is a white, crystalline substance which is insolu- 
ble in water but soluble in propylene glycol. It melts 
within a range of no more than 3°C between 187°- 
193°C. Its molecular weight is 236.26. 


Actions Tegretol, brand of carbamazepine, has 
demonstrated anticonvulsant properties in rats 
and mice with convulsions induced by electrical 
and chemical methods. 


Early animal screening tests demonstrated that 
Tegretol, brand of carbamazepine, depressed the 
linguomandibular reflexes in cats. Pain induced by 
Stimulation of the infraorbital nerve of cats and rats 
was greatly reduced or abolished. Tegretol, brand 
of carbamazepine, is chemically unrelated to other 
anticonvulsants or other agents used to control the 








COMPLETE PRETREATMENT BLOOD COUNTS. 













severe pain of trigeminal neuralgia. Its mechanism 
of action is obscure. 


Tegretol, brand of carbamazepine, is metabolized 
in the liver. Experimental data indicate that the 
serum half-life of this drug exceeds 14 hours but 
probably does not extend beyond 29 hours. 


Indications Epilepsy: Tegretol, brand of car- 
bamazepine, is indicated for the following condi- 
tions in patients who have not responded satisfac- 
torily to treatment with other agents such as 
diphenylhydantoin, phenobarbital, and/or 
primidone: 


1.Partial seizures with complex symptomatology 


(psychomotor, temporal lobe). Patients with these 
seizures appear to show greater improvement 
than those with other types. 


2.Generalized tonic-clonic seizures (grand mal). 


3.Mixed seizure patterns which include the above, or 


other partial or generalized seizures. 


Absence seizures (petit mal) do not appear to be 
controlled by Tegretol, brand of carbamazepine. 


Because of the necessity for frequent laboratory 
evaluation for potentially serious side effects, 
Tegretol, brand of carbamazepine, is not recom- 
mended as the drug of first choice in seizure disor- 
ders. It should be reserved for patients whose sei- 
zures are difficult to control and/or patients ex- 
periencing marked side effects (e.g., excessive se- 
dation). 


Trigeminal Neuralgia: Tegretol, brand of carbam- 
azepine, is indicated in the treatment of the pain 
associated with true trigeminal neuralgia. 


Beneficial results have also been reported in glos- 
Sopharyngeal neuralgia. 


Contraindications Tegretol, brand of carbamaz- 
epine, should not be used in patients with a history 
of previous bone marrow depression and/or hyper- 
sensitivity to the drug, or in patients with a known 
sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine, imipramine, protrip- 
tyline, nortriptyline, etc. Likewise, on theoretical 
grounds its use with monoamine oxidase inhibitors 
is not recommended. When administering Tegretol, 
brand of carbamazepine, to patients receiving MAO 
inhibitors, the MAO inhibitors should be discon- 
tinued and as long a drug-free interval should 
elapse as the clinical situation permits with a 
minimum of fourteen days. 


Warnings The drug should be discontinued if evi- 
dence of significant bone marrow depression oc- 
curs. In general, Tegretol, brand of carbamazepine, 
should be discontinued if a patient sustains evi- 
dence of marrow suppression as follows: 


1) Erythrocytes 
Hematocrit 
Hemoglobin 


less than 4.0 m/cmm 
less than 32% 
less than 11 gm% 


2) Leukocytes less than 4000/cmm 


3) Platelets less than 100,000/cmm 


4) Reticulocytes less than 0.3% (20,000/cmm) 


5) Serum iron greater than 150 ugm% 
Patients with a history of adverse hematologic 
reaction to any drug may be particularly at risk. 


Usage in Pregnancy: The effects of Tegretol, brand 
of carbamazepine, in human pregnancy and nurs- 
ing infants are unknown. 


Recent reports suggest an association between the 
use of anticonvulsant drugs by women with 
epilepsy and an elevated incidence of birth defects 


in children born to these women. Data are more 
extensive with respect to diphenylhydantoin and 
phenobarbital, but these are also the most com- 
monly prescribed anticonvulsants: less Systemat 
or anecdotal reports suggest a possible similar a 
sociation with the use of all known anticonvulsar 
drugs. 


The reports suggesting an elevated incidence of 
birth defects in children of drug-treated epileptic 
women cannot be regarded as adequate to prov: 
definite cause-and-effect relationship. There are i 
trinsic methodologic problems in obtaining 
adequate data on drug teratogenicity in humans; 
the possibility also exists that other factors. e.g., 
genetic factors or the epileptic condition itself, mz 
be more important than drug therapy in leading t 
birth defects. The great majority of mothers on ar 
ticonvulsant medication deliver normal infants. 


It is important to note that anticonvulsant drugs 
should not be discontinued in patients in whom tt 
drug is administered to prevent major seizures b« 
cause of the strong possibility of precipitating 
status epilepticus with attendant hypoxia and thre 
to life. In individual cases where the severity and 
frequency of the seizure disorder are such that th 
removal of medication does not pose a serious 
threat to the patient, discontinuation of the drug 
may be considered prior to and during pregnancy 
although it cannot be said with any confidence thi 
even minor seizures do not pose some hazard to 
the developing embryo or fetus. 


Adverse effects have been observed in reproduc- 
tion studies in animals given Tegretol, brand of 
carbamazepine, orally. In rat teratology studies, 2 
of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other 
anomalies [cleft palate (1), talipes (1), anophthal- 
mos (2)]. In reproduction studies, nursing rats 
demonstrated a lack of weight gain and an un- 
kempt appearance at a maternal dosage level of 
200 mg/kg. 


The prescribing physician will wish to weigh these 
considerations in treating or counseling epileptic 
women of childbearing potential. 


Use of Tegretol, brand of carbamazepine, in 
women of childbearing potential should be consid. 
ered only when the clinical situation warrants the 
risk. It is inadvisable for mothers taking Tegretol, 
brand of carbamazepine, to nurse. 


Tegretol, brand of carbamazepine, has shown milc 
anticholinergic activity; therefore, patients with in- 
creased intraocular pressure should be closely ob 
served during therapy. 


Because of the relationship of the drug to other 
tricyclic compounds, the possibility of activation ol 
a latent psychosis and, in elderly patients, 

of confusion or agitation should be borne in mind. 


Since dizziness and drowsiness may occur, pa- 
tients should be cautioned about the hazards of 
operating machinery or automobiles or engaging in 
other potentially dangerous tasks. 


Precautions Before initiating therapy, the following 
procedures are recommended: 


Detailed history and physical examination. 


Therapy should be prescribed only after critical 
benefit-to-risk appraisal in patients with a history c 
cardiac, hepatic or renal damage, history of ad- 
verse hematologic reaction to other drugs or who 
have had interrupted courses of therapy with 
Tegretol, brand of carbamazepine. 


Complete pretreatment blood counts, including 

platelet and possibly reticulocyte and serum iron, 
should be obtained. Any significant abnormalities 
should rule out use of the drug. These same tests 
should be repeated at frequent intervals, possibly 


weekly, during the first three months of therapy and 
monthly thereafter for at least two to three years. 


Baseline evaluations of liver function, particularly in 

_ patients with a history of liver disease. Liver func- 
tion tests must be performed at regular intervals 
during treatment with this drug since liver damage 
may occur. The drug should be discontinued im- 
mediately in cases of aggravated liver dysfunction 
or active liver disease. 


Baseline and periodic eye examinations, including 
slit-lamp, funduscopy and tonometry. These are rec- 
ommended for patients being treated with this 

drug since many phenothiazines and related drugs 
have been shown to cause eye changes. 


Baseline and periodic complete urinalysis and BUN 
determinations. These are recommended for pa- 
tients treated with this agent because of observed 
renal dysfunction. 


Carcinogenesis and Mutagenesis. Carbamazepine, 
when administered to Sprague-Dawley rats for two 
years in the diet at doses of 25, 75, and 250 mg/kg/ 
day, resulted in a dose-related increase in the inci- 
dence of hepatocellular tumors in females and in be- 
nign interstitial cell adenomas in the testes of males. 
Carbamazepine must, therefore, be considered to be 
carcinogenic in Sprague-Dawley rats. Bacterial and 
mammalian mutagenicity studies using carbamaz- 
epine produced negative results. The significance 

of these findings relative to the use of carbamazepine 
in humans is, at present, unknown. 


Adverse Reactions If adverse reactions are of 
such severity that the drug must be discontinued, 
the physician must be aware that abrupt discon- 
tinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even 
status epilepticus with its life-threatening hazards. 


The adverse reactions most frequently observed, 
particularly during the initial phases of therapy, are 
dizziness, drowsiness, unsteadiness, nausea, and 
vomiting. To minimize the possibility of such reac- 
tions, therapy should be initiated at the low dosage 
recommended. 


. The following additional adverse reactions have 
been reported: 


Hemopoietic System: Aplastic anemia, leukopenia, 
agranulocytosis, eosinophilia, leukocytosis, throm- 
bocytopenia, purpura. 


Hepatic: Abnormalities in liver function tests and 
cholestatic and hepatocellular jaundice. 


Genitourinary System: Urinary frequency, acute uri- 
nary retention, oliguria with elevated blood pres- 
sure, and impotence. Albuminuria, glycosuria, ele- 
vated BUN and microscopic deposits in the urine 
have also been reported. 


Testicular atrophy occurred in rats receiving 
Tegretol, brand of carbamazepine, orally from 4 to 
52 weeks at dosage levels of 50 to 400 mg/kg/ 
day. In dogs, it produced a brownish discoloration, 
presumably a metabolite, in the urinary bladder at 
dosage levels of 50 mg/kg and higher. Relevance 
of these findings to humans is unknown. 


Nervous System: Dizziness, drowsiness, disturb- 
ances of coordination, confusion, headache, 
fatigue, blurred vision, visual hallucinations, tran- 
sient diplopia and oculomotor disturbances, speech 
disturbances, and abnormal involuntary move- 
ments, peripheral neuritis and paresthesias, 
depression with agitation, talkativeness, nystag- 
mus, tinnitus, and hyperacusis. 


There have been reports of associated paralysis 
and other symptoms of cerebral arterial insuffi- 
ciency, but the exact relationship of these reactions 
to the drug has not been established. 


Skin: Pruritic and erythematous rashes, urticaria, 
Stevens-Johnson syndrome, photosensitivity reac- 
tions, alterations in skin pigmentation, exfoliative 
dermatitis, alopecia, diaphoresis, erythema mul- 
tiforme and nodosum, and aggravation of dissemi- 
nated lupus erythematosus. In certain cases, dis- 
continuation of therapy may be necessary. 


Digestive System: Nausea, vomiting, gastric dis- 
tress and abdominal pain, diarrhea, constipation, 
anorexia, and dryness of the mouth and pharynx, 
including glossitis and stomatitis. 


Cardiovascular System: Congestive heart failure, 
aggravation of hypertension, hypotension, syncope 
and collapse, edema, primary thrombophlebitis, re- 
currence of thrombophlebitis, aggravation of coro- 
nary artery disease, and adenopathy or lymph- 
adenopathy. 


Some of these cardiovascular complications have 
resulted in fatalities. Arrhythmias and myocardial 
infarction have been associated with other tricyclic 
compounds. 


Eyes: There have been scattered, punctate, cortical 
lens opacities reported, as well as conjunctivitis. Al- 
though a direct causal relationship has not been 
established, many phenothiazines and related 
drugs have been shown to cause eye changes. 


Musculoskeletal: Aching joints and muscles, and 
leg cramps. 


Metabolic: Fever and chills. 


Dosage and Administration Dosage should be 
adjusted to the needs of the individual patient. A 
low initial daily dosage with a gradual increase is 
advised. As soon as adequate control is achieved, 
the dosage may be reduced very gradually to the 
minimum effective level. 


Epilepsy (see Indications): 


Adults and children over 12 years of age tnitial: 

One tablet (200 mg) b.i.d. on the first day. Increase 
gradually by adding up to 200 mg per day using 

a ti.d. or q.i.d. regimen until the best response is 
obtained. Dosage should generally not exceed 1000 
mg daily in children 12 to 15 years of age, and 1200 
mg daily in patients above 15 years of age. Doses up 
to 1600 mg daily have been used in adults in rare 
instances. 


Maintenance: Adjust dosage to the minimum effec- 
tive level, usually 4-6 tablets (800-1200 mg) daily. 


Children 6-12 years of age—Initial: One-half tablet 
(100 mg) b.i.d. on the first day. Increase gradually by 
adding 100 mg per day using a t.i.d. or q.i.d. regimen 
until the best response is obtained. Dosage should 
generally not exceed 1000 mg. 


Maintenance: Adjust dosage to the minimum effec- 
tive level, usually 2-4 tablets (400-800 mg) daily. 


Combination Therapy: Tegretol, brand of carbam- 
azepine, may be used alone or with other anticon- 
vulsants. When added to existing anticonvulsant 
therapy, the drug should be added gradually while 
the other anticonvulsants are maintained or gradu- 
ally decreased. 


Trigeminal Neuralgia (see Indications): 


Initial: One-half tablet (100 mg) b.i.d. on the first 
day for a total daily dose of 200 mg. This daily 
dose may be increased by up to 200 mg a day 
using increments of one-half tablet every 12 hours 
only as needed to achieve freedom from pain. Do 
not exceed 1200 mg daily. Tablets should be taken 
with meals. 


Maintenance: Control of pain can be maintained in 
most patients with 400 mg to 800 mg daily. However, 
some cases may be maintained on as little as 


200 mg daily, while others may require as much as 
1200 mg daily. At least once every 3 months 
throughout the treatment period, attempts should be 
made to reduce the dose to the minimum effective 
level or even to discontinue the drug. 


Overdosage Symptoms and Treatment: These in- 
clude dizziness, ataxia, drowsiness, stupor, nausea, 
vomiting; restlessness, agitation, disorientation, 
tremor, involuntary movements, opisthotonus, ab- 
normal reflexes (slowed or hyperactive); mydriasis, 
nystagmus; flushing, cyanosis; urinary retention. 
Hypotension or hypertension may develop. Coma 
may ensue. 


Laboratory findings in isolated instances of over- 
dosage have included leukocytosis, reduced leuko- 
cyte count, glycosuria and acetonuria. EEG may 
show dysrhythmias. 


Treatment: Experience with cases of accidental 
overdosage is limited. However, since the drug is 
related to the tricyclic antidepressants, the treat- 
ment recommendations suggested for overdosage 
with Tofranil®, brand of imipramine hydrochloride, 
may be helpful. 


There is no specific antidote. Induced emesis and 
gastric lavage are recommended. Vital signs 
should be watchėd and symptomatic treatment 
administered. Parenteral barbiturates may be 
employed to treat hyperirritability. However, barbitu- 
rates should not be used if drugs that inhibit 
monoamine oxidase have also been taken by the 
patient either in overdosage or in recent therapy 
(within one week). 





Barbiturates may induce respiratory depression, 
particularly in children. It is therefore advisable to 
have equipment available for artificial ventilation 
and resuscitation when barbiturates are employed. 


Paraldehyde may be used in children to counteract 
muscular hypertonus without producing respiratory 
depression. 


Shock (circulatory collapse) should be treated with 
supportive measures such as intravenous fluids, 
oxygen and corticosteroids. 


Because of the relationship of Tegretol, brand of 
carbamazepine, to the tricyclic antidepressants, it 
is recommended that the EKG be monitored, 
particularly in children, to detect any cardiac 
arrhythmias or conduction defects. 


Treatment of Blood Count Abnormalities: 1f evi- 
dence of bone marrow depression develops, the 
following recommendations are suggested: (1) stop 
the drug, (2) perform daily CBC, platelet and re- 
ticulocyte counts, (3) do a bone marrow aspiration 
and trephine biopsy immediately and repeat with 
sufficient frequency to monitor recovery. 


Special periodic studies might be helpful as fol- 
lows: (1) white cell and platelet antibodies, (2) 
59Fe—ferrokinetic studies, (3) peripheral blood cell 
typing, (4) cytogenetic studies on marrow and 
peripheral blood, (5) bone marrow culture studies 
for colony-forming units, (6) hemoglobin elec- 
trophoresis for A2 and F hemoglobin, and (7) 
serum folic acid and B12 levels. 


A fully developed aplastic anemia will require ap- 
propriate, intensive monitoring and therapy, for 
which specialized consultation should be sought. 


How Supplied Round, white, single-scored tablets 
of 200 mg in bottles of 100 and 1000, and Unit Dose 
Packages of 100. 
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GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 
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* 
Divide scored Endep tablets 





Add flexibility to dosage titration 


Long term treatment of depression with amitriptyline 
k requires precise calculation of dosage to meet the individual 
| needs of each patient. Because all six strengths of Endep 
are scored, you can easily increase or decrease dosage in half- 
tablet steps, without the bother and expense of a new 
prescription. 


E 
Subtract waste and cost 


Scored Endep tablets permit you to adjust the regimen 
without wasting unused tablets or burdening the patient 
| with the cost of a new prescription. 


X 


Multiply therapeutic options 


The pharmacokinetic properties of Endep are such that its 
clinical effect is the same whether prescribed t.i.d. or asa 
single daily dose. Thus, once you have established the proper 
dosage, you can prescribe the entire dose h.s., minimizing 
anticholinergic and sedative side effects, and helping to 
assure patient compliance with this simple regimen. 
By prescribing the higher strength tablets h.s. — 

| secure in the knowledge that the dosage can be adjusted 
without resorting to a new prescription —your patient will 
economize further on a per milligram basis. 


Endep 
amitriptyline HCI Roche 


. The only antidepressant scored 
for easy division 


Endep 
amitriptyline HCl/Roche 


Before prescribing, please consult complete 
roduct information, a summary of which 
ollows: 

Contraindications: Known hypersensitivity. 

Do not use with monoamine oxidase (MAO) 

inhibitors or within at least 14 days following 

discontinuation of MAO inhibitors since 
hyperpyretic crises, severe convulsions and 
deaths have occurred with concomitant use; 
then initiate cautiously, gradually increasing 
dosage until optimal response is achieved. Use 
not recommended during acute recovery phase 
after myocardial infarction. 

Warnings: May ee action of guanethidine 

or similar antihypertensives. Use with caution 

in patients with history of seizures, urinary 
retention, angle-closure glaucoma, increased 
intraocular pressure. Closely supervise cardio- 
vascular patients, hyperthyroid patients and 
those receiving thyroid medications. (Arrhyth- 
mias, sinus tachycardia and prolongation 

of conduction time reported with use of tri- 

cyclic antidepressants, including amitriptyline 

Cl, especially in high doses. Myocardial in- 
farction and stroke reported with use of this 
class of drugs.) May impair alertness; warn 

against hazardous occupations or driving a 

motor vehicle during therapy. Weigh possible 

benefits against hazards during pregnancy, 
the nursing period and in women of child- 
bearing potential. Not recommended in chil- 

dren under 12. 

Precautions: May exaggerate symptoms in 

schizophrenic and paranoid patients, or shift 

manic-depressives to manic stage; reduce dose 
or administer major tranquilizer concomi- 
tantly. Close supervision and careful dose 
adjustments required when given with anti- 
cholinergic or sympathomimetic agents. Exer- 
cise care in patients receiving large doses of 
ethchlorvynol; transient delirium reported 
with concomitant administration. May en- 
hance effects of alcohol, barbiturates and other 

CNS depressants. Because of the possibility of 

suicide in depressed patients, do not permit 

easy access to large drug quantities in these 
patients. Because it may increase hazards of 
electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue 
drug several days before elective surgery. Both 
elevation and lowering of blood sugar levels 
have been reported. 

Adverse Reactions: Note: This list includes a 

few adverse reactions not reported with this 

specific drug but requiring consideration 
because of similarities of tricyclic antidepres- 
sants. Cardiovascular: Hypotension, hyper- 
tension, tachycardia, palpitation, myocardial 
infarction, arrhythmias, heart block, stroke. 

CNS and Neuromuscular: Confusional states; 

disturbed concentration; disorientation; de- 

lusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, 
tingling and paresthesias of the extremities; 
peripheral neuropathy; incoordination; ataxia; 
tremors; seizures; alteration in EEG patterns; 
extrapyramidal symptoms; tinnitus. Anti- 
cholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, 
paralytic ileus, urinary retention, dilatation of 
urinary tract. Allergic: Skin rash, urticaria, 
photosensitization, edema of face and tongue. 

Hematologic: Bone marrow depression includ- 

ing agranulocytosis, eosinophilia, purpura, 

thrombocytopenia. Gastrointestinal: Nausea, 
epigastric distress, vomiting, anorexia, stoma- 
titis, peculiar taste, diarrhea, parotid swelling, 
black tongue. Endocrine: Testicular swelling 
and gynecomastia in the male, breast enlarge- 
ment and galactorrhea in the female, increased 
or decreased libido, elevation and lowering of 
blood sugar levels. Other: Dizziness, weak- 
ness, fatigue. headache, weight gain or loss, 
increased perspiration, urinary trequency, 
mydriasis, drowsiness, jaundice, alopecia. 

Withdrawal Symptoms: Abrupt cessation of 

treatment after prolonged administration may 

produce nausea, headache and malaise. These 
are not indicative of addiction. 

Supplied: Scored Tablets: 10, 25, 50, 75, 100, 

150 mg. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


1a 








NOW 
arlodel 


(bromocriptine 
mesylate} P 














Stylized rendition 
of the hypothalamus 


BAN a 2.5 mg 
F and the pituitary 





irstelir ically useful 
«dopamine receptor agonist 

limies the action of dopamine 
tthe receptor Sites 


f dicated | in amenorrhea /galactorrnea 
associated with hyperprolactinemia 


in the absence of demonstrable pituitary tumor. Not indicated in patients with normal 
prolactin levels. Safe use in pregnancy not demonstrated. Thus, not indicated in the 
management of infertility. ANDOZ 


For Brief Summary, please see last page of this advertisement. 


© 1978 Sandoz, Inc. 


The relationship of dopamine, prolactin, and 
Parlodel’ (bromocriptine mesylate) in amenorrhea/galactorrhea 
associated with hyperprolactinemia* 
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The secretion of prolactin is regulated by complex hormonal and neuronal feedback 
mechanisms mediated by dopamine and/or prolactin inhibitory factors (PIF) 
from the hypothalamus. 

Excess prolactin may cause amenorrhea in two ways (keyed on diagram): 1) by 
interfering with the secretion of gonadotropin releasing hormone (GnRH), there- 
by preventing secretion of luteinizing hormone (LH) and follicle stimulating 
hormone (FSH); or 2) by blocking the action of LH and FSH at the gonadal level. 
Elevated prolactin levels also directly stimulate the mammary glands, resulting in 
galactorrhea (keyed [3] on diagram). 


Parlodel (bromocriptine mesylate) activates dopamine receptors that 
inhibit prolactin secretion in essentially the same manner as endogenous 
dopamine and reduces elevated prolactin levels. 







Clinical effectiveness in 
amennorhea/galactorrhea — : 
associated with hyperprolactinemia 


Parlodel therapy was studied in 210 OVERALL CLINICAL 
patients withamenorrhea/galactorrhea EFFECTIVENESS 











associated with hyperprolactinemia; 63% of 187 patients experienced 

of whom 187 wereevaluatedfor efficacy. ^ reinitiation of menses and at least 7576 
In light of the usual findings with reduction in galactorrhea;47%had both 
current therapies, the response to reinitiation of menses and complete 


Parlodel (bromocriptine mesylate) was cessation of milk secretion. 


impressive. 

; CORRELATION OF CLINICAL 
CLINICAL IMPROVEMENT RESPONSE WITH REDUCTION 
IN AMENORRHEA IN PROLACTIN LEVELS 
Reinitiation of menses (or pregnancy Improvement markedly correlated with 
without first having mensest)was reduction in serum prolactin levels. 


reported by 80% of 187 patients after Maximum reduction of prolactin levels 
an average treatment time of 5.7 weeks. was achieved within the first four weeks 


CLINICAL IMPROVEMENT of therapy, and reduced levels were 
| S CDS 
.IN GAL ACTORRHE A ys maintained throughout therapy. 
76% of 187 patients experienced clini- 
cally significant — 75% or greater — 
reduction in galactorrhea, and 5876 *in the absence of demonstrable pituitary tumor. 
: Not indicated in patients with normal prolactin 
experienced complete cessation of milk levels. Safe use in pregnancy not demonstrated. 
secretion. The treatment time required ^ Thus, not indicated in the management of 
for 75% reduction was 6.4 weeks, and infertility. 
that for complete cessation was tParlodel (bromocriptine mesylate)is not indicated 
. 12.7 weeks. in the management of infertility. 
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Dosage and administration malformations and spontaneous abortions reported in human 


a : studies does not exceed that generally reported for such occur- 
e Start with one 2.5-mg tablet with the evening rences in the population at large, the total number of pregnan- 


meal for three days; Increase to one tablet with cles reported is an insufficient sample in which to detect any 
food in the morning and in the evening on the given birth defect; extrapolation of these data toa greater 
fourth day. The therapeutic dosage is one tablet patient population would be statistically invalid. 


: : : Precautions: Since treatment may result in restoration of fertil- 
two or three times daily with meals. ity, patients should be required to use contraceptive measures, 


* |f adverse reactions occur, temporarily reduce otherthan the oral contraceptives, during treatment: however. 

dosage. since patients often ignore this recommendation and since 
t pregnancy may occur prior to reinitiation of menses, as an 

* Duration of treatment should not exceed six additional precaution, a pregnancy test is recommended at least 
months. every four weeks during the amenorrheic period and, once 

E : . . menses are reinitiated, every time a patient misses a menstrual 
Patients should be required to use contraceptive period. Parlodel therapy has been demonstrated to be effective 
measures, other than the oral contraceptives, in the short-term management of amenorrhea/galactorrhea 
during treatment with Parlodel (bromocriptine only. Data are not available on the safety or effectiveness of its 


mesylate). However, since patients often ignore use in long-term continuous dosage, or in patients given 


: . repeated courses of treatment following recurrence of 
this recommendation and since pregnancy may amenorrhea/galactorrhea after initial treatment. Recurrence 


occur prior to reinitiation of menses, as an rates are reportedly very high, ranging from 70% to 80% in 

additional precaution, a pregnancy test is domestic and foreign studies. 

recommended at least every four weeks during aye vsu The Ha dee effects 3 quite 
: s %) but these are generally mild to moderate in degree. 

the amenorrheic period and, once menses are A Aie was discontinued in abc e ed 6% of aient 

reinitiated, every time a patient misses a because of adverse effects. These in decreasing order of fre- 

menstrual period. quency are nausea 51%, headache 18%, dizziness 16%, fatigue 


8%, abdominal cramps 7%, lightheadedness 6%. vomiting 5%, 


elf pregnancy occurs, treatment should be nasal congestion 5%, constipation 3% and diarrhea 3%. A Slight 


discontinued immediately. hypotensive effect may accompany Parlodel® (bromocriptine 
mesylate) treatment. The occurrence of adverse reactions may 

Contraindications: Sensitivity to any ergot alkaloids. be lessened by temporarily reducing dosage to one-half tablet 

Warnings: Since hyperprolactinemia with amenorrhea/ two to three times daily. 

galactorrhea has been found in patients with pituitary tumors Dosage and Administration: The therapeutic dosage is one 

(Forbes-Albright syndrome), a complete evaluation of the sella 2.5-mg tablet, two or three times daily, with meals. Duration of 

turcica is advisable before treatment with Parlodel* (bromocryp- treatment should not exceed six months. It is 

tine mesylate). Although Parlodel therapy will effectively lower recommended that treatment commence with one tablet 

plasma levels of prolactin in patients with pituitary tumors, this daily, increasing to a therapeutic dosage within the first 

does not obviate the necessity of radiotherapy or surgical pro- week, to reduce the possibility of adverse reactions. 

cedures where appropriate. If pregnancy occurs, treatment How Supplied: Tablets, 2.5 mg, in packages of 30. 


should be discontinued immediately; safe use has not been 
demonstrated in pregnancy. Should not be administered to 
nursing mothers. Safety and efficacy have not been established 
in children under age 15. Although the incidence of congenital SANDOZ PHARMACEUTICALS, EAST HANOVER, N.J. 07936 
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Regional Cerebral Blood Flow in Aphasia 


Kensho Soh, MD; Bo Larsen, MD; Erik Skinhgj, MD; Niels A. Lassen, MD 


e Regional cerebral blood flow (rCBF) 
was studied in 13 aphasic patients with 
left hemisphere lesions, using the intraca- 
rotid xenon 133 injection method and a 
254-detector gamma camera system. The 
rCBF was measured during rest and 
during various function tests, including a 
simple speech test. 

In motor (nonfluent) aphasia, the rCBF 
method showed areas of cortical dysfunc- 
tion that always included the lower part of 
the rolandic area while Broca's area was 
not consistently affected. In sensory 
(fluent) aphasia, the superior-posterior 
temporal cortex was involved in all cases. 
in global aphasia, the abnormalities 
included both regions consistently in- 
volved in the other types of aphasia. 

The '*Xe injection method for mapping 
abnormalities relevant for localizing the 
cortical speech areas was superior to the 
classical neuroradiological methods in 
that several cases failed to show any 
relevant lesion whatsoever. This is proba- 
bly related to the functional nature of the 
rCBF method: subnormal flow values and 
lack of the normal flow increase during 
function tests apparently may disclose 
functionally inactivated but structurally 
intact cortex. 

(Arch Neurol 35:625-632, 1978) 


he localization in the brain of 

tissue defects that result in 
different types of aphasia has been 
mainly based on correlating detailed 
clinical observation with pathological 
postmortem findings. Recently, in 
vivo correlation has been attempted 
using angiography, radioisotope scan, 
or computerized tomography (CT).'* 
Neither the pathological approach nor 
these neuroradiological approaches, 
however, are related to the function of 
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tissue. A more subtle derangement, 
as, for example, disconnection of fiber 
tracts (“undercutting”), could inacti- 
vate cortical tissues remote from the 
lesion. None of the techniques men- 
tioned above are able to show such 
nonfunctioning but otherwise intact 
tissue. 

The regional cerebral blood flow 
(rCBF), on the other hand, is closely 
coupled to tissue function.'* Inactive 
tissue can be expected to have a 
decreased and rather constant flow as 
compared to normally functioning 
cortical tissue, in which changes in 
rCBF have been measured during 
alterations in the functional state of 
the human brain.*?* The results sug- 
gest that specific patterns of increase 
in rCBF correspond to certain types of 
mental activity.'"'* Specifically, it 
should be noted that in the intact 
brain, simple repetitive speech results 
in an increase of rCBF in both hemi- 
spheres in areas comprising the 
primary (sensorimotor) mouth area, 
the supplementary motor area in the 
upper-mesial part of the frontal lobe, 
and in the upper-posterior (auditory) 
part of the temporal lobe, while that 
part of the left frontal operculum, 
that contains Broca's area was not 
involved." 

The present study deals with the 
rCBF measurements in 13 patients 
with aphasia during rest and during 
various functional tasks. By combin- 
ing these measurements with the 
conventional neuroradiological meth- 
ods, an attempt was made to localize 
the brain lesion and the associated, 
often far more widespread, areas of 
cortical dysfunction. 


SUBJECTS AND METHODS 
Subjects 


Thirteen aphasic patients were studied. 
All patients were right-handed and the 
speech disturbances in all 13 were due to 
proved left hemisphere disorders. Table 1 
summarizes the patient data and the clini- 


cal findings. In ten cases the lesion was 
vascular in origin, in two due to cerebral 
neoplasm, and in one due to encephalitis. 
All except the two cases with neoplasm had 
mild to severe right-sided hemiparesis. 

The type of aphasia was classified clini- 
cally as motor aphasia in five cases, senso- 
ry aphasia in three, and global aphasia in 
five. Motor aphasia was defined in terms of 
nonfluent aphasic speech with preserved 
comprehension. (Motor or nonfluent apha- 
sia is equivalent to Broca’s motor aphasia.) 
Sensory aphasia was defined by fluent 
speech with paraphasia and/or persevera- 
tion and with impaired comprehension. 
(Sensory or fluent aphasia is essentially 
equivalent to Wernicke’s sensory aphasia.) 
Global aphasia was based on a combination 
of these two types of impairments. 

Other clinical investigations, such as 
EEG, angiography, technetium Te 99m 
isotope scan, or CT scan, were done before 
or after the rCBF study. In six of the 18 
patients a focal abnormality was detected 
by angiography. In five of ten cases, a focal 
lesion was demonstrated by the isotope 
scan. The CT scan failed to localize the 
lesion in one of the two cases so studied. 
The EEG was abnormal in most cases, but 
in none of them was a relevantly localized 
EEG focus detected (Table 2). 

The rCBF study was performed 3 to 63 
days after the onset of the speech distur- 
bance except for patient 2, in whom the 
speech disturbance was due to a stroke 1’2 
years previously. 


Method and Data Handling 


The rCBF was studied by the intracaro- 
tid xenon 133 injection method combined 
with a computer-based 254-multidetector 
gamma camera system. This system has 
been described in detail elsewhere." In 
brief, the 254 detectors (Nal crystal 
10x 8mm- photomultiplier) are ar- 
ranged in an orthogonal matrix with 19 
columns and 14 rows on a slightly curved 
spherical surface: the center-to-center dis- 
tance of two neighboring detectors is 10 
mm; the detectors are collimated by a 
40-mm-thick lead slab with 254 converging 
holes, 8 mm in diameter, looking at a focus 
16 em in front of the collimator. By this 
arrangement a magnifying effect of about 
15 at the surface of the brain is 
obtained. 
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Table 1.—Patient Data and Clinical Findings 






Days From 
Type of Onset to 


Case/Sex/Age, yr Diagnosis Manifestation of Language Defects* Aphasiat rCBF Studyt 
impairment 
2/M/48 Stroke Moderate nonfluent aphasia but normal comprehension Motor 1.5 yr 
4/M/56 Stroke Mild nonfluent aphasia with difficulties in finding words, but Motor 5 


with preserved comprehension 















5/F/76 Stroke Moderate nonfluent aphasia with intact comprehension Motor 21 

6/M/71 Temporal tumor Fluent speech with severe paraphasia and perseveration and Sensory 35 
comprehension defects 

7/F/54 Stroke Fluent aphasia with jargon speech, paraphasia, moderate Sensory 11 
writing and reading defects 

8/M/49 Stroke Fluent speech with comprehension impairment, amnestic Sensory 12 


and semantic paraphasia 

Severe nonfluent aphasia with comprehension impairment 
but good cooperation 

Moderate nonfluent aphasia with paraphasia and poor 
comprehension, Gerstmann syndrome 











9/M/68 





Stroke 





Global 3 








10/F/52 Encephalitis Global 30 


tumor 





*All cases had a mild marked right-sided hemiparesis except cases 6 and 13. 


TMotor (nonfluent) aphasia is equivalent to Broca's aphasia; sensory (fluent) aphasia is essentiall 


Cases 6 and 13: the time interval was between onset of speech disturbance to rCBF study. 


A bolus of 8 to 10 mCi of ''*Xe dissolved 
in 2 ml of physiological saline was injected 
into the internal carotid artery and the 
washout of isotope from the labeled hemi- 
sphere was followed for 15 minutes. The 
peak counting rate for each detector was 
approximately 1,000 counts per second. 
After two minutes the system displayed on 
the television monitor the semilogarithmi- 
cally transformed clearance curves after 
correction for background and for remain- 
ing radioactivity. The rCBF values were 
calculated on-line, using the slope of the 
semilogarithmical clearance curve from 15 
to 60 seconds after the injection,'* and were 
displayed on the television monitor with a 
16-level color scale, yielding a picture indi- 
cating the spatial arrangement of the 
detectors. The rCBF data were subse- 
quently transferred to a general data 
handling software system. In this system, 
the rCBF data from different measure- 
ments were compared. 


Measurement of rCBF 


The rCBF measurement was carried out 
in a semidark room. The patient lay on a 
bed as comfortably as possible, with 
covered eyes and plugged ears. Normally, 
two to three rCBF measurements were 
performed in each patient, with a time 
interval of about 20 minutes between 
measurements in order to reduce the 
remaining radioactivity below 5%. The 
first measurement was performed at rest, 
the patient being instructed to remain 
relaxed and not to move. In six of the 13 
patients, the second measurement was 
performed during induced moderate hy- 
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pertension by the intravenous infusion of 
angiotensin (approximately 1 pg/min). 
Three of these six cases were then studied 
during attempted speech, the subjects 
being instructed to count to 20 repeatedly 
(“automatic speech") The speech test 
started 15 seconds before the Xe injec- 
tion and was continued for 60 seconds 
following the injection. In the remaining 
seven cases, only two measurements were 
done, the second measurement being 
performed during attempted automatic 
speech. 

After each "Xe injection a carotid blood 
sample was withdrawn for analysis of the 
Paco, and the carotid blood pressure was 
measured by a pressure transducer. The 
rCBF values for each of the test procedures 
were corrected for variations in Paco, from 
the resting state, using a correction of 4% 
in rCBF per millimeter of mercury change 
in Paco,.'* 


Correlation Between 
rCBF Pattern and 
Topography of the Brain 


During the measurement, the lateral 
aspect of the patient's head was kept in a 
fixed position relative to the camera face. 
Three small radioisotope sources were 
placed at the nasion, at the external acous- 
tic meatus, and at the vertex halfway 
between nasion and inion. These markers 
were used to determine the external 
outline of the skull and to localize the main 
sulci and gyri of the brain according to the 
proportional system of Talairach et al." 
This approach was evaluated using 12 
skulls of different sizes and shapes, with 


comprehension of all language modalities 
13/M/68 Perisylvian Global 60 


Mild nonfluent aphasia with difficulties in finding words, 
moderate comprehension impairment 





y equivalent to Wernicke's sensory aphasia. 


radioactive markers outlining the main 
sulci on the inside of the skull and the three 
radioactive markers placed outside the 
skull. A static isotope scan was obtained by 
the camera and the localization of the 
inside markers were compared to the local- 
ization offered by the method of Talairach 
et al. It was shown that the position of the 
lateral and the central suleus could be 
determined within 5 to 10 mm." 

Furthermore, the direct evidence of the 
localization of the Sylvian fissure on the 
rCBF image was used since the initial 
vascular spikes due to the arterial passage 
of the radioactive bolus permit detection of 
the trunk of the middle cerebral artery and 
its main branches. These spikes are seen in 
the initial two to five seconds of the clear- 
ance curves. 


RESULTS 
Mean Value of rCBF 
Over Whole Left Hemisphere 


Table 3 shows the main findings in 
the 13 aphasic patients. Mean hemi- 
sphere rCBF at rest was normal in 
three cases (range, 44 to 49 ml/100 
g/min) and reduced in ten cases 
(range, 28 to 40 ml/100 g/min); mean 
value was 35 ml/100 g/min. The effect 
of induced hypertension was studied 
in six cases by increasing the mean 
arterial blood pressure (MABP) 15% to 
30% with angiotensin. The mean 
rCBF increased in two cases (695 to 
12%) and decreased in four cases (2% 
to 8%). During the speech test studied 
in ten cases, no significant changes in 
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Table 2.—Correlation Between EEG, Angiography, Isotope Scan, or CT 
and rCBF Distribution in 13 Patients With Aphasia 







Isotope or 
Type. e? EEG Angiography P —_—_—_———— 


Case : * 
Aphasia CT Scan at Rest Speech Test! 

















2 Motor Normal (o E) (2) 
g 
3 Motor Slow 
diffuse 
Arterio- 
4 Motor Normal nclevainin 
5t Motor Normal Artano: Cortical 
sclerosis atrophy 
Slow 
Arterio- 
7 Sensory Normal sclerosis —— 
8 Sensory Slow 
temporal 
Arterio- 
9 Global sclerosis diim 
Arterio- 
Slow 
10 Global temporal sclerosis Q=) C) EL 
11 Global Slow — 
diffuse 
12 Global Slow 
temporal (TES de 
i Slow 





* The black area in resting rCBF is the rCBF dysfunction area. 
T The black area in testing rCBF is the speech-activated area. 
t Cases 5 and 13 were done by CT scan. 








Paco, or MABP were seen. Mean 
rCBF increased in four cases (range, 
5% to 14%; mean, 9%) and decreased in 
six cases (range, 2% to 11%; mean, 8%), 
the average change not being statisti- 
cally significant. 


Abnormalities of rCBF Pattern 
at Rest and During 
Induced Hypertension 


Compared to the normal rest pat- 
tern": (Fig 1, top), the distribution of 
rCBF was distinctly abnormal at rest 
in all 13 patients. The abnormal rCBF 
region corresponded to areas known 
to be involved in speech: eight an 
ischemie region, four a hyperemic 
region, and one both types of abnor- 
malities. In five of the six cases stud- 
ied with induced moderate hyperten- 
sion, autoregulation of rCBF was 
found to be focally impaired in the 
region with abnormal rCBF. The 
exception (case 2) showing intact 
autoregulation was suffering from a 
stroke that had occurred 1% years 
previously (all the other stroke pa- 
tients were examined within two 
months after the onset). 

In six of the 13 patients the focal 
abnormalities detected by rCBF stud- 
ies were in accordance with the find- 
ings of angiography, isotope scan, or 
CT scan (Table 2). However, the rCBF 
studies generally indicated more 
widespread cortical involvement. The 
remaining seven cases were investi- 
gated by technetium Tc 99m scan and 
by angiography 3 to 34 days after 
their stroke, but both techniques 
failed to localize the abnormality 
clearly seen with the rCBF technique. 
The technetium Te 99m scans were 
normal and the angiograms suggested 
a moderate arteriosclerosis in five of 
these seven cases, but no vascular 
occlusion could be discerned. It should 
be noted that in all seven cases, one or 
two transient ischemic episodes oc- 
curred before the stroke causing the 
permanent deficit. 

Figures 2 through 5 show the locali- 
zation of the various cortical defects 
found in the different types of apha- 
sia. 

Figure 2 shows a patient with 
sensory aphasia (case 8) who was stud- 
ied 12 days after the onset of a stroke. 
A diffuse low-flow rCBF pattern with 
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8 Sensory 


9 Global 


12 Global 


Table 3.—rCBF Findings and Other Variables Studied During the Measurements 


rCBF, mi/100 


Paco., MABP, 
mm Hg mm Hg 
Type of ——‘*——~ 
Case Aphasia Rest Test* Rest Test* 


Rest Test* 
1 Motor 3983.. 412 . 112 145 


2 Motor 40.0 40.1 100 110 
3 Motor 38.6 406 100 114 


4 Motor 41.3 42.7 105 105 
5 Motor 39.3 387 110 123 


6 Sensory 441 43.4 132 135 


7 Sensory 36.2 369 100 104 


44.2 40.2 85 90 


37.2 37.6 95 132 


10 Global 43.2 39.4 95 76 


Global Ai- 41:1 110 123 


34.6 33.8 85 102 
13 Global ELT 29269 .110.. 31258 





g/min 







Initial Regions With Abnormal Flow 
Values 
















9 48 Hyperemic, lower rolandic 
area 
38 40 Ischemic, prerolandic and 
middle rolandic area 
37 33 Ischemic, frontal opercula 







and lower rolandic area 
Ischemic, rolandic area 


3 Ischemic, rolandic area and 
lower prerolandic 


























40 38 Hyperemic, posterior 
temporal 

39 43 Ischemic, upper 
posterotemporal & parietal 
area 

38 36 Hyperemic, upper 
posterotemporal & lower 
parietal 

47 53 Ischemic, whole opercula 
area 

39 42 Ischemic, rolandic & parietal; 
hyperemic, upper 
posterotemporal 

28 25 Ischemic, whole opercula 
area 

38 36 Hyperemic, perisylvian area 

28 32 Ischemic, diffuse opercula 






area 





*In cases 1, 9, and 12, the test procedures were induced hypertension; in the remaining ten cases, 
the values listed are those obtained during the speech test. 


average flow value of 30 ml/100 g/min 
was seen at rest (Fig 2, top). When 
MABP increased spontaneously from 
76 to 84 mm Hg (a 10% increase) in a 
second rest study, loss of autoregula- 
tion was evident in the parietotempo- 
ral region (Fig 2, bottom), correspond- 
ing precisely to the area where an 
abnormal high isotope uptake was 
disclosed by technetium Tc 99m scan. 
Figure 3 shows a patient with motor 
aphasia (case 3) who was studied 63 
days after the onset of a stroke. A 
large ischemic region in the frontal 
lobe was found involving the lower 
part of the rolandic area and Broca’s 
area (Fig 3, top). Angiography showed 
only a small vascular blush in the 
upper part of the premotor area. 
Figure 4 shows a patient with 
sensory aphasia (case 6) who was stud- 
ied one month after the gradual onset 
of the speech disorder. A markedly 
hyperemic focus with rCBF values of 
about 70 to 75 ml/100 g/min was seen 
in the posterior temporal lobe with 
many vascular spikes (Fig 4, top), 
corresponding to the tumor site dem- 


onstrated by angiography and isotope 
scan. 

Figure 5 shows a patient with global 
aphasia (case 13) who was studied two 
months after the gradual onset of the 
speech disorder. A widespread is- 
chemic region involving the entire 
operculum was seen, comprising both 
Broca’s area and Wernicke’s area as 
well as larger parts of the frontal, 
parietal, and temporal lobe (Fig 5, 
top). However, only a 2 x 3-cm meta- 
static tumor was found in the perisyl- 
vian area by angiography and by CT 
scan. 


Abnormalities of rCBF During 
Speech or Attempted Speech 


The automatic speech test was 
performed in ten cases. In all ten, the 
speech rCBF pattern was abnormal 
when compared to the findings in 
normal subjects (Fig 1, bottom) in 
whom three areas become activated 
bilaterally, viz, the rolandic mouth 
area, the supplementary motor area in 
the upper-mesial part of the frontal 
lobe, and the upper-posterior, auditory 
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Fig 1.—Top, rCBF distribution in ten normal left hemispheres. Fig 2.—Case 8. rCBF distribution in sensory aphasia due to stroke. 
Bottom, Change in rCBF during speech in same ten subjects. In first rest study (top), blood pressure was lower than in second 
study (bottom). Studies show loss of autoregulation in upper- 
posterior temporal and adjacent region. 
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Fig 3.—Case 3. rCBF distribution in motor aphasia due to stroke. Fig 4.—Case 6. rCBF distribution in sensory aphasia due to 
Rest study (top) shows hypoperfusion in frontal and lower temporal lobe glioma. Rest study (top) shows hyperemia at site of 
rolandic region. During attempted speech (bottom), there is no tumor. During speech (bottom), flow increase in lower rolandic 


flow increase in rolandic mouth area, minimal increase in super- 


oposterior temporal region, but some increase in anterior frontal 
lobe. 


region, no increase but marked decrease at site of tumor (intra- 
cerebral steal), diffuse flow increase frontally and also parietal- 
ly. 
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Fig 5.—Case 13. rCBF distribution in global aphasia due to small 
Sylvian region astrocytoma. Rest study (top) shows low flow over 
most of hemisphere. During attempted speech (bottom), no flow 
increase in rolandic mouth area or in superoposterior temporal 
region but some increase in anterosuperior frontal lobe. 


SENSORY APHASTA 





SUPEPINPOSED RCEF 
DYSFUNCTION AREAS 


Fig 7.—rCBF dysfunction maps in three cases of sensory aphasia 
have been superimposed. White area denotes consistently 
affected region located in the superoposterior part of temporal 
lobe. Color key for number of cases is shown to right. 
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Fig 6.—rCBF dysfunction maps in five cases of motor aphasia 
have been superimposed. White area denotes consistently 
affected region located in lower part of rolandic area. Color key 
for number of cases is shown to right. 





Fig 8.—rCBF dysfunction maps in five cases of global aphasia 
have been superimposed. White area denotes consistently 
affected area comprising both lower rolandic mouth area and 
superoposterior temporal lobe as well as adjacent parietal lobe. 
Color key for number of cases is shown to right. 
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part of the temporal lobe.'* 

Motor Aphasia.—Four of the five 
patients in this group were studied 
during attempted speech. These four 
patients could count slowly to 3 or 5, 
but none could perform the test 
correctly. In no case was a significant 
increase of rCBF seen in the primary 
mouth area. Yet three or four cases 
had a significant increase of rCBF in 
the upper-posterior temporal region 
(+ 11% to 17%, P < .001). An example 
of speech-activated rCBF pattern in 
motor aphasia is shown in Fig 3, 
bottom. There was no response in the 
primary mouth area or in the upper- 
posterior temporal lobe, while an 
increase of rCBF was found in the 
anterior-superior frontal region, prob- 
ably involving the supplementary mo- 
tor area as well as more anterior parts 
of the frontal lobe. 

Sensory Aphasia.-In two of the 
three cases, a marginal rCBF increase 
(+ 8% to 9%, P < .02) was seen in the 
primary mouth area. None had an 
increase in the upper-posterior tempo- 
ral lobe region (Wernicke's area) 
where the clinical symptoms sug- 
gested that the dysfunction might be 
localized. In fact, two of three cases 
showed a flow decrease here, in all 
likelihood an intracerebral steal ef- 
fect. An example of speech-activated 
rCBF pattern in sensory aphasia is 
shown in Fig 4, bottom. It shows a 
marginal increase of rCBF in the 
primary mouth area and a more 
marked increase in the middle and 
upper part of the frontal lobe (proba- 
bly comprising the supplementary 
motor cortex). A decrease of rCBF 
was seen in the upper-posterior tem- 
poral lobe where the tumor was 
located, an intracerebral steal effect. 

Global Aphasia.—Three of five cases 
in this group were studied during 
attempted speech. Two counted with 
great effort but with nearly complete 
loss of articulation; the third was 
unable to count. None had an increase 
of rCBF in the primary mouth area or 
in the upper-posterior temporal area, 
but all three cases showed an aug- 
mented flow in the superior part of 
the frontal lobe (+ 18% to 90%, 
P < .001). An example of speech-acti- 
vated rCBF pattern in global aphasia 
is shown in Fig 5, bottom. It shows no 
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response in the primary mouth area or 
in the upper-posterior temporal lobe; 
an increase of rCBF was seen in the 
superior part of the frontal lobe, 
which may well comprise the supple- 
mentary motor area in the upper- 
mesial part of the frontal lobe. 


Consistently Abnormal 
rCBF Area in 
Different Types of Aphasia 


In patients with aphasia, tissue 
destruction or dysfunction may in- 
volve areas not engaged in speech. 
Hence only areas consistently af- 
fected, ie, affected in all cases, may be 
relied on to show areas truly impor- 
tant for speech. For this reason, we 
have superimposed the maps of indi- 
vidual rCBF derangements (Fig 6, 7, 
and 8). In these maps, the white color 
denotes the area where all subjects 
had abnormal rCBF, ie, the area of 
consistent dysfunction. 

In motor aphasia (Fig 6), the white 
area is seen to correspond to the lower 
part of the primary (rolandic) sensori- 
motor area. This primary area is for 
oral, pharyngeal, and laryngeal move- 
ment. 

In sensory aphasia (Fig 7), the 
white area is seen to correspond to the 
upper-posterior temporal area, ie, the 
auditory cortex, area 22 of Brodmann 
(comprising Wernicke’s area), often 
extending to include the region of the 
angular gyrus and the lowermost part 
of the parietal lobe. 

In global aphasia (Fig 8), the white 
area comprised both of the above 
mentioned areas; in fact, the entire 
lower rolandic area and the upper- 
posterior temporal lobe had in all 
cases abnormal rCBF. 

The white area of consistent dys- 
function did not include the supple- 
mentary motor cortex in the upper- 
mesial part of the frontal lobe. In fact, 
activation of this region was seen 
during the speech test in several cases 
(Fig 8, 4, and 5). We also want to 
emphasize that the part of the left 
frontal opercular region just anterior 
to the precentral gyrus, where Broca’s 
area is located, was not consistently 
affected either: Broca’s area was 
involved in only two of the five cases 
of motor aphasia and in four of the 
five cases of global aphasia. 


COMMENT 


Due to absorption of the gamma 
radiation in the tissue, the 'ó^Xe rCBF 
data are weighted toward the superfi- 
cial part of the cone of tissue seen by 
each detector. Moreover, since we use 
the initial slope index for calculating 
the flow values, ie, the flow parameter 
relating to the fast components, it 
follows that the rCBF maps can be 
regarded as depicting mainly the 
blood flow distribution in the cortex 
on the convexity of the hemisphere 
studied.: In this plane, about 3 cm 
from the collimator surface, the spa- 
tial resolution is about 1 cm. 

Nevertheless, due to superposition 
and to Compton scatter from neigh- 
boring areas, the overall spatial reso- 
lution is fairly gross. In particular, 
this must be so in patients with small- 
er ischemic areas. The method is total- 
ly blind to areas of complete ischemia 
simply because no isotope reaches 
such areas that the method “looks 
through,” recording only gamma radi- 
ation originating from more superfi- 
cial or more deeply located tissues.*° 

On the other hand, the method is 
very sensitive in detecting hyperemic 
areas. Such areas receive a large frac- 
tion of isotope bolus and are readily 
recognized by the steep slope during 
the initial part of the clearance curve. 
This in part explains why the rCBF 
method has been able to demonstrate 
hyperemic areas in tumors,” in 
stroke,??' and in focal epilepsy? 
as well as during various forms of 
brain activity in the normal intact 
brain.*'5 

The only series of rCBF studied in 
patients with aphasia reported so far 
is that of Kohlmeyer.?*?' He used 16 or 
35 detectors and found in about 70 of 
the 100 stroke cases an abnormal 
rCBF distribution, with the abnormal- 
ities involving the central part of the 
hemisphere. With a 254-detector in- 
strument, we found abnormal rCBF in 
all 13 of our cases and were able to 
correlate the localization to the type of 
aphasia. This result is in principle not 
so surprising, considering that speech 
is indeed known to involve the activity 
of large parts of both hemispheres.'* 
By inference, severe impairment of 
speech as manifested by our cases 
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would be expected to imply the 
dysfunction of large areas. In this 
context it should again be pointed out 
that the rCBF technique allows the 
study of dysfunction as separate from 
actual tissue destruction. If a cortical 
area is not functional because of a 
strategic lesion of nerve tracts, then 
only a function-related method can be 
expected to disclose the abnormality. 
Computerized tomography, angiogra- 
phy, and radioisotope scan will not 
disclose such nonfunctioning, but 
otherwise intact tissue. The fact that 
angiography and technetium Tc 99m 
radioisotope scan were both normal in 
half of our cerebrovascular cases may 
here be recalled. Even EEG will be of 
no value due to the grossness of the 
localization it gives. 

We believe that the degree of 
success in the present study in detect- 
ing areas of consistent dysfunction is 
related to the function-related aspects 
of the rCBF method. Similar function- 
related but three-dimensional meth- 
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ods are currently being developed. In 
particular the '*F-deoxyglucose meth- 
od based on positron tomography 
appears promising.**^* Our data sug- 
gest that if such methods have a 
spatial resolution in the order of 1 em, 
patients with aphasia will indeed 
show consistent defects. It can be 
hoped that one would then be better 
able to develop rational classification 
criteria and perhaps even prognostic 
criteria for the aphasias. 

Because of our limited number of 
cases and to the grossness of the local- 
ization afforded by the rCBF method, 
no detailed discussion of the cortical 
involvement in simple speech will be 
attempted here. In normal man, such 
a speech test activated (increased) 
rCBF bilaterally in the rolandie mouth 
area, in the superior-posterior tempo- 
ral area, and in the supplementary 
motor area. Our aphasics did not have 
consistent lesions in the region of the 
supplementary motor area, and many 
patients showed evidence that this 
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area became activated during their 
attempted speech. The supplementary 
motor area is also consistently acti- 
vated (bilaterally) during performing 
motor sequences with the fingers or 
during conjugate eye movements.” 
Perhaps this area contributes to the 
planning of the motor sequences 
necessary for speaking—sequences, 
however, that can only be executed by 
the primary motor area in the rolandic 
cortex. That the supplementary motor 
areas of both hemispheres are in some 
way involved in motor performance of 
speech is known from the classical 
studies of Penfield and co-work- 
ers,?1-3? 

Another point of interest is the lack 
of consistent involvement of Broca’s 
area in our cases with motor or global 
aphasia. This suggests that with large 
series of cases studied with three- 
dimensional methods, the controversy 
over the obligatory involvement of 
this area in nonfluent aphasia may 
become clarified. 


blood flow in disease of the brain with special 
regard to the “luxury syndrome” of brain tissue, 
ie. a syndrome characterized by relative hyper- 
aemia or absolute hyperaemia of brain tissue. 
Prog Brain Res 30:121-124, 1968. 

25. Hougaard K, Oikawa T, Sveinsdottir E, et 
al: Regional cerebral blood flow in focal epilepsy. 
Arch Neurol 33:527-535, 1976. 

26. Kohlmeyer K: Studies of rCBF on neuro- 
psychological disorders caused by acute cerebro- 
vascular accidents in major hemisphere, in 
Langffiit TW, McHenry LC, Reivich M, et al 
(eds): Cerebral Circulation and Metabolism. New 
York, Springer-Verlag, 1975, pp 269-271. 

27. Kohlmeyer K: Dynamic speech studies by 
measurement of regional cerebral blood flow in 
aphasic and nonaphasic cases, in Harper AM, 
Jennett WB, Miller JD, et al (eds): Blood Flow 
and Metabolism in the Brain. Edinburgh, 
Churchill-Livingstone, 1975, pp 14.20-14.21. 

28. Reivich M, Kuhl A, Wolf H, et al: Measure- 
ment of local cerebral glucose metabolism in man 
with '*F-2-fluoro-2-deoxy-d-glucose. Acta Neurol 
Scand 56(supp! 64):190-191, 1977. 

29. Kuhl DE, Phelps ME, Hoffman EJ, et al: 
Initial clinical experience with ‘*F-2-fluoro-2- 
deoxy-d-glucose for determination of local cere- 
bral glucose utilization by emission computed to- 
mography. Acta Neurol Scand 56(suppl 64):192- 
193, 1977. 

30. Lassen NA, Roland PE, Larsen B, et al: 
Mapping of human cerebral functions: A study of 
the regional cerebral blood flow pattern during 
rest, its reproducibility and the activation seen 
during basic sensory and motor functions. Acta 
Neurol Scand 56(suppl 64):262-263, 1977. 

31. Penfield W, Rasmussen T: The Cerebral 
Cortex of Man. New York, The Macmillan Co, 
1950. 

32. Penfield W, Robert L: Speech and Brain- 
Mechanisms. Princeton, NJ, Princeton Universi- 
ty Press, 1959. 


rCBF in Aphasia—Soh et al 





Protein-Rich Cytoplasmic Bodies 


of Substantia Nigra and Locus Ceruleus 


A Comparative Study in Parkinsonian and Normal Brain 
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è A histochemical study of substantia 
nigra and locus ceruleus from postmor- 
tem brains showed the presence of small 
spherical cytoplasmic bodies stained se- 
lectively by the anionic phosphotungstic 
acid-hematoxylin (PTAH) stain at a pH of 
2.5. The metachromatic reaction to PTAH 
indicates that these protein bodies con- 
tain a protein rich in free basic amino 
groups. The protein bodies are localized 
within the neuronal perikaryon as well as 
in their dendritic processes. These bodies 
abundantly present in the substantia nigra 
and locus ceruleus of normal brains were 
noticeably reduced or absent in parkin- 
sonian brains. Lewy bodies when present 
show that their core gives the same 
metachromatic reaction to PTAH as do 
the protein bodies. These findings sug- 
gest that an abnormality of protein synthe- 
sis in the substantia nigra and locus ceru- 
leus of parkinsonian brains may be 
related to the absence of protein bodies 
and the formation of Lewy bodies and play 
a role in pathogenesis of the parkinsonian 
state. 

(Arch Neurol 35:633-637, 1978) 
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revious studies of substantia nig- 

ra neurons in parkinsonian brains 
at the early stages of the disease 
indicated an increase in nuclear and 
cytoplasmic RNA paralleling demel- 
anization.' The morphological appear- 
ance and distribution of this RNA was 
similar to that observed in rat cate- 
cholamine neurons after the adminis- 
tration of reserpine,’ a drug known to 
produce extrapyramidal symptoms in 
man. In the rat, the increase in RNA 
was accompanied by an increased 
concentration of proteins in the neu- 
rons and proliferation of the glia.” The 
aforementioned findings prompted a 
clinical trial on 18 parkinsonian 
patients where it was shown that 
chloramphenicol, a protein synthesis 
inhibitor, can beneficially modify the 
symptoms of Parkinson’s disease.’ 
Further, it has been demonstrated 
that there is a decrease in amino acid 
content in the brains of parkinsonian 
patients.’ These findings suggest that 
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an abnormality of protein synthesis in 
the neurons of the substantia nigra 
may be related to the pathogenesis of 
the disease. In view of this, we under- 
took to study brain autopsy material 
from parkinsonian patients as well as 
controls using histochemical methods 
for identification of proteins. The 
initial phase of this study concerns the 
distribution of basic proteins in rela- 
tion to pathological changes in Par- 
kinson’s disease. 


SUBJECTS AND METHODS 


The subjects consisted of five control 
patients, ages 59 to 76 years, and ten 
patients with Parkinson’s disease, ages 57 
to 81 years. The brains were fixed in 
neutral 10% formaldehyde solution, em- 
bedded in paraffin, and sectioned at 5 y. 
Sections of substantia nigra and locus ceru- 
leus were oxidized with 0.3% acidified 
potassium permanganate’ for one minute, 
rinsed in distilled water, and decolorized in 
5% oxalic acid for two minutes when 
bleaching of the melanin pigment was 
desired. This treatment makes the neuro- 
melanin granules colorless and cytoplasmic 
staining reactions can be visualized in 
detail.’ 

Duplicate sections were stained with and 
without prior oxidation. Phosphotungstic 
acid-hematoxylin (PTAH) was used as the 
anionic stain. It has a high affinity for 
basic amino acids (lysine, arginine, histi- 
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dine) and the property of blue metachro- 
masia when these amino acids are segre- 
gated in a relatively small stretch of the 
protein molecule for example, in his- 
tones.’ Proteins with no free basic groups 
stain pink. Thus, PTAH on neutral formal- 
dehyde fixed material has an indicator 
specificity for proteins with a high concen- 
tration of basic amino acids like nucleohis- 
tones in leucocyte nuclei.‘ The stock solu- 
tion of PTAH was prepared according to 
Lillie.” Portions of stain were adjusted to a 
pH of 2.5 before use. The staining was 
effected at room temperature for 24 
hours. 

As models for catecholamine containing 
neurons, two human sympathetic ganglia, 
one obtained at autopsy and the other by 
biopsy, were similarly studied. 


RESULTS 


In the control brains stained with 
PTAH, nigral neurons could be local- 
ized by the natural brown color of 
their neuromelanin, which was unaf- 
fected by the stain, and by their 
intensely blue metachromatic nucleo- 
lus (Fig 1, c). Except for the erythro- 
cytes, the glial and endothelial nuclei 
and the myelin sheaths, little else 
seemed to stain in the tissue. Howev- 
er, closer observation of the peri- 
karyon showed the presence of the 
blue metachromatic protein reaction 
in a small number of spherical bodies 
forming clusters in the midst of the 
melanin granules (Fig 1, a, b, and c). 
In some areas of the substantia nigra, 
these "protein bodies" could be seen 
inside processes a good distance away 
from the cell. 

The morphology of protein bodies 
was very distinct in sections where 
the melanin had been bleached by 
previous KMnO, oxidation. This treat- 
ment abolished the staining of some 
glial nuclei, but the staining of the 
protein bodies, the nucleolus, the 
erythrocytes, and the myelin sheath 
was unaffected. In such oxidized 
sections, the protein bodies were seen 
to be either clustered in a small area 
of the cytoplasm (Fig 1, d and e) or 
evenly distributed all over the cell 
(Fig 1, f). 

In the parkinsonian brains, stained 
identically and simultaneously with 
the controls, protein bodies were 
encountered in very few nigral neu- 
rons in some patients (Fig 2, a) and 
not at all in others (Fig 2, b). When 
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present, however, the protein bodies 
were seldom distinct: they appeared 
coalesced or forming a small homo- 
geneous blue lake in the midst or at 
the edge of the melanin-occupied area. 
In two of the ten parkinson cases 
studied, the blue protein reaction was 
observed throughout the cytoplasm in 
a finely granular distribution (Fig 2, 
c). In these two cases, several of the 
numerous Lewy bodies encountered 
had a blue metachromatie core of 
varying diameter (Fig 2, d and e), 
while the remainder displayed the 
usual pink coloration (Fig 2, f). 

In the locus ceruleus of the controls, 
protein bodies were found in large 
numbers in the majority of neurons. 
They were bigger, more numerous, 
and occupied a more extensive area of 
the cytoplasm than in the substantia 
nigra. Protein bodies were usually 
found in close proximity to the mela- 
nin granules (Fig 3, a and b). Their 
morphology was best studied in 
oxidized sections (Fig 3 c, d, e, and f). 
These protein bodies were perfectly 
spherical and ranged in size from 
barely visible to 2 » in diameter. In 
neurons showing an attached process, 
the protein bodies were seen packed at 
the site of origin (Fig 3, e) as well as 
inside that process, at some distance 
from the cell body (Fig 3, f). 

In the parkinsonian brains studied, 
a few of the cases were completely 
devoid of protein bodies in the 
neurons of the locus ceruleus. In the 
other cases, the majority of the cells 
contained only a very small number of 
protein bodies. The absence of protein 
bodies did not correlate with demelan- 
ization of the cell. It was noted in fully 
melanized (Fig 4, a), partially demel- 
anized (Fig 4, b) as well as totally 
demelanized (Fig 4, c) neurons. In one 
of the parkinsonian cases, where 
protein bodies were absent from all 
neurons of the locus ceruleus, the blue 
metachromatic protein was found in 
the core of some of the Lewy bodies in 
varying amounts (Fig 4, d and e) and 
occasionally in a dust-like precipitate 
around the external lamella of these 
formations (Fig 4, e). 

In the two human sympathetic 
ganglia studied, protein bodies, simi- 
lar in morphology and distribution to 
those observed in the locus ceruleus, 


were encountered in one third of the 
neurons per section (Fig 5). No differ- 
ence was noticed in morphology or 
staining reactivity between the pro- 
tein bodies in the ganglion obtained 
from biopsy compared with that 
obtained at autopsy. 

In the control brains, a careful 
study of various pontine levels showed 
prominent protein bodies in a cell 
group within the central gray area, 
medial to the most rostral part of the 
locus ceruleus. In these cells, protein 
bodies were numerous and large 
whereas no melanin was present. 
Preliminary observations of other 
brain areas such as the cerebral 
cortex, cerebellum, and hippocampus 
did not show protein bodies in the cell 
bodies. 


COMMENT 


The results of this study indicate 
that neurons of substantia nigra and 
locus ceruleus of the normal adult 
human brain contain, as a regular 
endowment, a set of spherical bodies 
of varying diameters, rich in protein. 
This protein has a high concentration 
of basic amino acids since it gives a 
dark blue metachromatic reaction to 
PTAH stain.* The localization of these 
protein containing bodies is peri- 
karyonal and dendritic. 

Acidophilic or, so called, "eosino- 
philic” inclusions in the human neu- 
rons, corresponding morphologically 
to the protein bodies studied here, 
were first observed by Olmez'"'' in 
the locus ceruleus. Similar inclusions 
were described by Marinesco'^! in the 
substantia nigra, the locus ceruleus, 
and the sympathetic ganglia and were 
considered by him and by subsequent 
investigators'^' as  "promelanin" 
granules. Foley and Baxter,'^ howev- 
er, studying normal human brains, 
observed the acidophilic granules not 
only in the substantia nigra and the 
locus ceruleus, but "scattered widely 
in cell groups throughout the brain- 
stem." They concluded that these 
granules did not represent a phase in 
the formation of melanin since they 
were not restricted to malanin-form- 
ing neurons. In consequence, neither 
the importance nor the role of these 
granules has ever been defined. 

A considerable body of evidence 
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process and two melanin-free areas; b, partly demelanized neuron without protein bodies; c, finely granular 
distribution of blue protein reaction in neuron containing shrunken nucleus and hyaline body; d and e, Lewy bodies 
with protein body reaction in their cores; and f, unreactive Lewy body (phosphotungstic acid-hematoxylin, 


x 1,200). 


primarily derived from histofluores- 
cent studies indicates that numerous 
cell groups, including the substantia 
nigra, locus ceruleus, and other brain 
areas, contain catecholamines. In 
some instances, these are noradrener- 
gic and, in others, dopaminergic in 
nature. The demonstration that pro- 
tein bodies occur within these neurons 
may indicate that the presence of 
protein bodies can serve as a marker 
for catecholamine synthesizing cell 
bodies. The presence of protein bodies 
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within sympathetic ganglion cells as 
shown in this as well as in other 
studies'^' adds further support to this 
concept. The fact that they occur in 
both melanin and nonmelanin con- 
taining cells does not necessarily 
preclude their playing a role in mela- 
nin formation. It is of interest that 
although depigmentation per se, is a 
standard variable of Parkinson's dis- 
ease," the degree of depigmentation 
does not always correlate with the 
clinical symptoms." On the other 


hand, the particular distribution of 
protein bodies in catecholamine cell 
bodies of the pons and midbrain in the 
controls and their reduction or ab- 
sence in the equivalent cell bodies of 
the parkinsonian brains allow us to 
infer that they are more consistently 
affected than the melanin. 

It is of particular interest that in 
the parkinsonian brains studied the 
presence of distinct protein bodies 
and the presence of Lewy bodies in 
the same neuron rarely occurred. The 
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Fig 3.—Locus ceruleus neurons from control brains: a and b show blue protein bodies grouped near melanin granules; 


c and d range of diameters of individual protein bodies in bleached sections; e and f, large groups of protein bodies 
near origin and inside processes (KMnO, = phosphotungstic acid-hematoxylin, x 1,200). 








wv 
gk Fig 4.—Locus ceruleus neurons 
Te from parkinsonian brains: a, mela- 
nin containing neuron devoid of 
protein bodies; b, neurons with 
faded pigment granules; c, demel- 
anized neuron; d, two types of Lewy 
bodies, usually encountered, con- 
tained here in same cell; and e, 
large Lewy body in still melanized 
neuron displaying row of fine blue 
granules on surface of its external 
laminated shell (phosphotungstic 
acid-hematoxylin, x 1,200). 





Fig. 5.—Sympathetic neuron in control lumbar ganglion 
obtained from biopsy showing protein bodies of various 
diameters (KMnO, = phosphotungstic acid-hematoxylin, 
x 1,200). 
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fact that the core of the Lewy bodies 
gives occasionally the same staining 
reaction for basic proteins as the 
protein bodies could indicate a rela- 
tionship between these two struc- 
tures. Actually, the finely granular 
cytoplasmic PTAH reaction observed 
in some neurons with Lewy bodies as 
well as the small "lakes" of coalesced 
protein bodies in some others, suggest 
the hypothesis that in parkinsonism a 
presumed uncoupling between basic 
protein rate of synthesis and its 
concomitant deposition or mainte- 
nance in protein body formations may 
divert storage of this protein into 
Lewy bodies. The fact that not all 
Lewy bodies show the blue metachro- 
matic reaction with PTAH may be 
related to their stage of “matura- 
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tion"* and/or to a high degree of 
packing of the core protein. The latter 
could well eause steric hindrance to 
the optimum attachment of this large 
dye molecule and the production of 
metachromasia.® That the occurrence 
of Lewy bodies is more widespread 
and does not always have a predilec- 
tion for melanin bearing neurons has 
been emphasized in many early stud- 
ies. ^2"?! A recent systematic study of 
parkinsonian brains” has shown that 
Lewy bodies occur in about 20 brain 
nuclei, eight of which are unpig- 
mented, and that their distribution 
corresponds surprisingly well to that 
of monoamine cell bodies demon- 
strated in rats by the Falck-Hillarp 
histofluorescence method.” The afore- 
mentioned observations also support 
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the view, based on electron microscop- 
ic studies of human brain," that 
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Our present observations suggest 
that an abnormality of protein syn- 
thesis taking place in the parkinson- 
ian substantia nigra and locus ceru- 
leus may be related to the absence of 
protein bodies and the formation of 
Lewy bodies. Further elaboration of 
these findings may well lead to a 
better understanding of the patho- 
genesis of parkinsonism. 
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Amyotrophic Lateral Sclerosis 


* The clinical diagnosis of amyotrophic 
lateral sclerosis was identified in 668 
patients who were followed up for periods 
up to three years. This disease was found 
to be more common in women than 
previously believed. The five-year survival 
for all patients was found to be 39.4%, but 
younger patients had a substantially 
better prognosis than those in whom the 
disease was diagnosed when over the age 
of 50 years. When the mode of onset was 
considered, the spinal form was asso- 
ciated with a threefold better five-year 
survival than the bulbar form. 

(Arch Neurol 35:638-642, 1978) 


Sie the original description of 
amyotrophic lateral sclerosis 
(ALS) by Charcot in 1869, a number of 
studies have been carried out to quan- 
titate various aspects of this disease. 
These have dealt with either small 
numbers of patients? or special 
geographically defined groups.*’ The 
need to precisely describe the clinical 
features of ALS are several: (1) to 
improve accuracy of diagnosis, (2) to 
provide survival information from 
which the prognosis for an individual 
patient might be estimated, (3) to 
provide a data base for comparative 
use in therapeutic programs, and (4) 
to possibly provide clues to the cause 
of the disease. 

The present report represents the 
initial analysis of data collected over a 
three-year period by means of a 
nationally distributed ALS case regis- 


try. 
PATIENTS AND METHODS 


The survey instrument was a question- 
naire, the scope of which was such as to 
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Clinical Features and Prognosis 
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permit completion by the patient (or a 
relative). Questionnaires were distributed 
to all patients who were referred to the 
National ALS Foundation, Inc. Referrals 
were from practicing neurologists as well 
as from a variety of health care agencies 
throughout the country. Ongoing contact 
with all patients provided information 
concerning changes in their clinical condi- 
tion. A follow-up inquiry was sent to all 
patients, not previously reported to have 
died, three years after the study was 
begun. Only those patients in whom the 
diagnosis of amyotrophic lateral sclerosis 
(ALS) was made, or confirmed, by a neurol- 
ogist were entered into the registry. 

Information from individual question- 
naires were stored in a central time-shared 
computer after entry by means of a remote 
video terminal. The data entry program 
utilized did not require prior coding of 
data, accepting it as it was written on the 
questionnaire. No identifying information 
was stored in the computer. Record 
numbers were assigned sequentially and 
knowledge of the assignment was re- 
strieted to the author and his research 
assistant. Records could be modified or 
updated at any time after their initial 
entry. 

Analysis of stored data was carried out 
by means of standard statistical programs. 
Life tables were calculated using the meth- 
od described by Berkson and Gage.’ Inas- 
much as the precise date of onset of the 
disease is rarely known, the data of diagno- 
sis was used in all calculations. 


RESULTS 


The registry listed 668 patients at 
the time of this initial analysis. Of 
these, 309 were alive, 287 had died, 
and 72 had been lost to follow-up. The 
latter number represents a small 
enough percentage of the total so as to 
have little effect on life table determi- 
nations.* Those patients lost to follow- 
up did not differ significantly from 
the entire group in terms of age at 
diagnosis, sex, or initial symptomatol- 
ogy. Two of the 668 patients were 
black, the remainder were white. 


The mean age at the time of diagno- 
sis was 56.1 years. Three hundred 
eighty-four (57.5%) of the patients 
were men and 284 (42.5%) were 
women (P < .001). The age at diagno- 
sis was slightly greater in women 
(57.6 years) than in men (54.9 years). 
These observations are summarized in 
Fig 1. 

In 40.9% of the patients initial 
symptoms were in the upper extremi- 
ties, in 40.176 they were in the lower 
extremities, and in 19.076 they were 
bulbar. Patients with initial bulbar 
symptoms tended to be older 
(mean = 59.3 years) than those whose 
initial symptoms were in the upper 
extremities (mean — 54.5 years) or in 
the lower extremities (mean = 55.3 
years). Figure 2 depicts this age shift. 
Within the same age group, men and 
women had the same distribution of 
initial symptoms. 

Thirty-three patients (4.9%) had a 
family history of ALS. In that group, 
17 (51.5%) were men and 16 (48.5%) 
were women (P > .8). Their mean age 
at diagnosis was 52.6 years, somewhat 
younger than the nonfamilial group 
(mean = 56.2 years). This latter find- 
ing is shown in Fig 3. In the familial 
group, 56.3% had initial symptoms in 
the lower extremities, 28.1% in the 
upper extremities, and in 15.6% they 
were bulbar. 

Survival eurves were plotted from 
calculated life tables. Figure 4 repre- 
sents the survival curve for all 
patients in the study. From this curve 
it can be seen that the five-year sur- 
vival is 39.4%. Younger patients had a 
significantly better prognosis 
(P < .001). As shown in Fig 5, when 
the diagnosis was made at 50 years of 
age or younger, the five-year survival 
was 62.576; whereas when the diagno- 
sis was made at more than 50 years of 
age the five-year survival was only 
31.5%. Men had a better prognosis 


Amyotrophic Lateral Sclerosis—Rosen 


- -—— ae ees Free O I I -= PIGEAT es ee or yeas eS oe 
eo tou eo oe OC OImC»E CUP —£— —., r A E RESSÁUS3 I z 1 m F E V < "X 
N » 


f 100 
| 
| 
E 
: 80 
f i 
Z 60 
ur 
A WY) 
i — 
^ z 
k O 40 
: a 
b uw har ie 
- a. ag 
20 
$ 0 — 
0 2- 24 36 48 60 72 84 285 


DURATION —MONTHS 
Fig 4.—Survival curve for ALS, all patients. 
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Fig 5.—Survival curves for ALS according to age at time of diagnosis. 
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Fig 8.—Survival curves for ALS according to presence or absence of family history 


of ALS. 


than women but the difference was 
quite small (P = .261), as seen in Fig 
6. When corrected for age, the differ- 


ence became virtually nonexistent. 


Survival curves plotted for differ- 
ent onset symptomatology showed a 
dramatic, but not unexpected, differ- 
ence (Fig 7). The five-year survival 
with onset in the lower and upper 
extremities (spinal group) was 46.1% 
and 41.6%, respectively (P = .147), 
while the five-year survival for bulbar 
onset was 14.1% (bulbar vs spinal, 
P< .001). Age correction of the 
bulbar group to match that of the 
spinal group yielded a five-year sur- 
vival in the former of 19.3% 
(P < .001). 

The survival curve for those pa- 
tients with a family history of ALS 
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indieated a small but consistently 
better prognosis (P — .288) when com- 
pared to the nonfamilial group (Fig 8). 
Age-corrected survival curves were 
almost identical for these two 


groups. 
COMMENT 


Despite the generally poor progno- 
sis in ALS, survival for seven or more 
years is not uncommon. The two most 
important factors influencing progno- 
sis are age at onset of the disease and 
location of initial symptoms (spinal vs 
bulbar form). 

The poorest prognosis is seen in 
those patients with bulbar onset. This 
is in agreement with observations 
made in other studies.'*'?^ Although 
initial bulbar symptoms are seen less 


References 


5. Osuntokun BO, Adeuja AOG, Bademosi O: 
The prognosis of motor neuron disease in Niger- 
ian Africans. Brain 97:385-394, 1974. 

6. Araki S, Iwahashi Y, Kuroiwa Y: Epidemi- 
ological study of amyotrophic lateral sclerosis 
and allied disorders in the Kii peninsula (J apan). 
J Neurol Sci 4:279-287, 1967. 

7.-Elizan TS, Hirano A, Abrams BM, et al: 
Amyotrophic lateral sclerosis and Parkinsonism- 
dementia complex of Guam. Arch Neurol 14:356- 
368, 1966. 

8. Berkson J, Gage RP: Calculation of survival 


————— — - N SENEE qerer rerampen e t 06 
EOE SLE on Re ee aont aaa a a RT a s aate e eaaa I ee a a. TT rn EIER E, ENS 


commonly in younger patients, this 
factor alone is not sufficient to 
explain the significantly better prog- 
nosis in that group. It may be that 
older patients are more likely to 
succumb to other intercurrent ill- 
nesses, but the possibility cannot be 
excluded that there is an intrinsic 
difference in the disease process itself 
in younger as compared to older 
patients. 

The slightly poorer prognosis for 
women with ALS is merely a reflec- 
tion of their tendency to be older than 
the men with the disease. Similarly, 
the slightly better prognosis in pa- 
tients with a family history of ALS is 
a function of the younger age of this 
group. 

Although other studies have re- 
ported ALS occurring in men more 
often than in women, with the ratio of 
2.5:1 usually being given,‘ the present 
study indicates that the ratio should 
be 1.4:1 for the entire group but 1:1 for 
patients over the age of 65 years. 

The familial form of ALS was diag- 
nosed, on the average, at an earlier 
age than the nonfamilial form. This 
finding may represent an artifact in 
reporting because of the special 
awareness that families have about 
this disease when previous members 
have been afflicted (anticipation). The 
equal sex ratio in this group is in 
agreement with that previously 
cited." The only other clinical differ- 
ence noted in the familial form of ALS 
was the higher incidence of initial 
symptoms in the lower extremities. 
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Leukoencephalopathy in Oculocraniosomatic 


Neuromuseular Disease 
With Ragged-Red Fibers 


Mitochondrial Abnormalities 


Demonstrated by Computerized Tomography 


Tuilo Bertorini, MD; W. King Engel, MD; Giovanni Di Chiro, MD; Marinos Dalakas, MD 


e In a group of 13 patients affected by 
oculocraniosomatic neuromuscular dis- 
ease with mitochondrial abnormalities 
and ragged-red fibers, a major, diffuse 
leukoencephalopathic process was rec- 
ognized by computerized tomography 
(CT) in three cases. Clinically, these three 


patients were the most severely affected. 


The areas involved by the leukoencepha- 
lopathic process did not show enhance- 
ment after contrast medium injection. In 
several of the remaining ten cases, vari- 
ous forms and grades of CSF cavity dila- 
tion were encountered. Four of the 13 
patients had very high CSF protein levels, 
three had CT-demonstrated leukoenceph- 
alopathy, and the fourth had substantial 
sulcal dilation. The CT findings in this 
group of patients corresponded well to the 
previously reported histopathological ob- 
servations and indicated the clinical 
usefulness of CT in identifying brain 
involvement in this syndrome. 
(Arch Neurol 35:643-647, 1978) 
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bnormal mitochondria and numer- 
ous “ragged-red” fibers (RRF) 
can be found in patients with a 
variety of neuromuscular diseases 
and, therefore, do not identify a 
uniform clinicopathologie syn- 
drome.'; There is, however, one sub- 
set of patients with many ragged-red 
fibers who have a rather characteris- 
tic spectrum of symptoms and signs, 
namely, childhood-onset, ophthalmo- 
plegia and ptosis, retinal pigmentary 
changes, somatic weakness, cardiac 
conduction defects, short stature, 
hearing defect, ataxia, increased CSF 
protein levels, mild mental impair- 
ment, and tendency for diabetes 
mellitus to develop.*"' For this appar- 
ently distinet group of patients with 
multitissue involvement, we use the 
term “childhood oculocraniosomatic 
neuromuscular disease with RR fi- 
bers” (childhood OCSNMD-RRF ).** 
Other patients are less characteristic 
and are considered to belong to the 
"OCSNMD-RRF syndrome" group. 
The present study was undertaken 
to elucidate the possible contributions 
of computerized tomography (CT) of 
the brain in patients with forms of 
OCSNMD-RRF-. Brain involvement in 
such patients has been anatomico- 


pathologically documented." In a 
recent review of 35 patients," report 
of a cerebral CT examination in one 
patient was included; this patient, in 
his late 50s, showed evidence of 
ventricular dilation and cortical atro- 


phy. 
MATERIALS AND METHODS 


Thirteen cases of OCSNMD-RRF were 
evaluated by neurologic, ophthalmologic 
and audiologic examinations, muscle biop- 
sy with enzyme histochemistry, electro- 
myography, and nerve conduction studies, 
as well as ECG and Holter monitoring. 
Computerized tomographic scans of the 
head (EMI MARK I and/or CT1010) were 
performed at least once in all of the 13 
patients. Intravenous contrast medium, 
100 ml of 60% meglumine diatrizoate 
(Hypaque), was used in two cases. 


RESULTS 


Features of our 13 cases are given in 
the Table. As evident in the Table, the 
expression of symptoms and signs is 
not complete in every patient; oph- 
thalmoplegia and ptosis, somatie mus- 
cle weakness, and RRF are the more 
consistent features. Children, young 
adults, and middle-age patients are 
represented in our series. The incom- 
plete manifestation of symptoms in 
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Clinical, Laboratory, and Computerized Tomographic Findings in 13 Pati 


Retinal Other Pertinent 
Ophthalmoplegia Pigmentary Clinical Data 
Case/ Age, yr/Sex and Ptosis Changes HearingLoss Short Stature Weakness and/or CNS Signs 
1/19/M + + + + Facial, pharyngeal, Intellectual impairment, 
generalized ataxia, Babinski 
2/13/M T t + + Facial and proximal limb Intellectual impariment, 
muscles ataxia, Babinski 
3/12/M + + 0 + Facial and proximal limb Intellectual impairment, 
muscles ataxia 
4/24/M + + + 0 Facial, pharyngeal, Intellectual impairment 
generalized 
5/16/F + + 0 + Orbicularis oculi and neck 0 
flexors 
6/19/M + 0 0 0 Facial and neck muscles 0 
7/ 66/ F + 0 + 0 Facial, pharyngeal, 0 
generalized 
8/ 41/F + 0 0 0 Minimal facial and deltoids 0 
9/56/M + + 0 0 Facial, pharyngeal and minimal Essential tremor 
proximal limb muscles 
10/ 43/M T 0 0 a Mild proximal and distal Peripheral neuropathy 
11/44/M + 0 0 0 Pharyngeal and proximal limb 0 
muscles 
12/20/F + 0 + + Facial and proximal limb 0 
muscles 
13/33/M + + + + Minimal proximallimb muscles Essential tremor 


* RRF indicates ragged-red fibers; EMG, electromyography; BSAP, brief duration, small amplitude, motor unit action potentials; NCV, nerve conduction 
velocity; BSA, brain stem atrophy; GTT, glucose tolerance test; N, normal; VSD ventricular sulcal dilation. 


some patients is probably related to 
the particular form of the disease, 
rather than to duration. 

In the computerized tomographic 
scans, a clear leukoencephalopathic 
process was recognized in three 
patients. The findings were bilateral, 
essentially symmetrical, irregular ar- 
eas of decreased attenuation in the 
cerebral hemispheres. The hypodense 
lesions were located in the white 
matter between the lateral ventricles 
and the cortex (case 1, Fig 1, left and 
Fig 1, right) and above the ventricles 
in each centrum semiovale (case 1, Fig 
2). In one patient, the hypodensity 
was particularly evident in the peri- 
ventricular area (Fig 3). Only in one 
instance (case 1, Fig 1, left), were the 
lateral ventricles dilated. Contrast 
medium injection in case 12 (Table) 
was not followed by enhancement of Fig 1.—Case 1, left, and case 2. right. Symmetrical hypodense lesions in both cerebral 
the lesions. In the contrast scans, hemispheres. 
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h Oculocraniosomatic Neuromuscular Disease With Ragged-Red Fibers 


Heart CSF Protein, Computerized Tomographic 
Abnormalities mg/ dl Muscle Biopsy Other Pertinent Laboratory Data Findings 
Right bundle branch block 112 RRF Diabetes mellitus; increased basal Leukoencephalopathy; 2-year 
lactate and pyruvate levels; follow-up computerized tomo- 
primary hyperaldosteronism; graphy; advanced leukoenceph- 
EMG: BSAP pattern and alopathy with cerebellar brain 
pseudomyotonia; NCV: within stem involvement 
normal limits 
Atrial premature Not done Angular and RRF EMG: few brief polyphasias; NCV: Leukoencephalopathy 
contractions within normal limits 
0 171 Angular and RRF EMG:rare polyphasias;NCV: within BSA; 12 and 15 months follow-up 
normal limits; increased lactate computerized tomography; status 
and pyruvate levels unchanged 
Left anterior hemiblock 45 RRF EMG: BSAP pattern; NCV: within N; contrast medium injection 
normal limits 
0 19 RRF Abnormal GTT and EMG: NCV N 
within normal limits 
0 30 Angular and RRF EMG: BSAP pattern; NCV: within N 
| normal limits 
Runs of ventricular 42 Angular and RRF EMG: BSAP pattern and VSD 
tachycardia pseudomyotonia; NCV: within 
normal limits 
Supraventricular 34 Rare angular; type | EMG: BSAP pattern; NCV: within N 
tachycardia predominance and RRF normal limits; GTT: flat 
Rare premature 46 RRF EMG: short polyphasias; NCV: N 
ventricular contractions within normal limits; diabetes 
mellitus 
Premature ventricular 36 Angular and RRF EMG: large and small polyphasias, VSD 
contractions, left NCV: slow; abnormal GTT, increased 
ventricular hypertrophy lactate and pyruvate levels 
ST-T wave changes 54 RRF EMG: BSAP pattern; NCV: within VSD 


normal limits 


NCV: within normal limits; EMG: 
BSAPs and long duration large 
polyphasias; increased lactate 
and pyruvate levels 


EMG and NCV: within normal limits; 
mild increase of lactate and 
pyruvate levels 
















Leukoencephalopathy; contrast 
medium injection 





Borderline short P-R 
interval 











Sulcal dilation; contrast medium 


Left anterior hemiblock; 
injection 


intraventricular conduc- 
tion defect; T-wave 
inversion in inferior 
leads 


however, the hypodense areas seemed 
more evident because of the increased 
density differential white/gray mat- 
ter due to the normally occurring 
greater enhancement of the gray 
matter (case 12, Fig 4). In a two-year 
follow-up study of case 1, (Table), in 


addition to the previously shown 
involvement of the cerebral hemi- 
spheres, hypodense areas were dem- 
onstrated in the cerebellar hemi- 
spheres (Fig 5). (We are not aware of 
previous reports of cerebellar leukoen- 
cephalopathic processes demonstrated 
by CT.) 

In one patient, a selective dilation 
of the fourth ventricle as well as of the 
cisterns surrounding the brain stem 
was demonstrated as the only find- 
ings (case 3, Fig 6). In four patients, 
dilation of the ventricular system 








and/or subarachnoidal spaées, was. 
Fig 2.—Case 1. Symmetrical involvement of bulk of each centrum semiovale. observed; the eriteria f dilation. ofA. 
f A > Z NC M 
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Fig 3.—Case 12. Periventricular hypoden- 
sity. 





Fig 4.—Case 12. Contrast medium increases density differential between white and gray 
matter. Compare with Fig 3. 
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Fig 5.—Case 1. Follow-up examination 
(original computerized tomography, Fig 1 
and Fig 2). Areas of decreased attenuation 
are now present in both cerebellar hemi- 
spheres (arrows). Note also, cerebellar 
vermis and possibly pons atrophy. 





Fig 6.—Case 3. Dilation of fourth ventricle 
(rest of ventricular system is normal) as 
well as widening of cisterns surrounding 


CSF cavities were those established 
by Gyldensted and Kosteljanetz,'*"’ 
and Enzmann and Lane." In the 
oldest of our 13 patients, case 7 
(Table), the ventrieular (lateral and 
third) enlargement was the most 
advanced, and the sulci above the cere- 
bral hemispheres were moderately 
dilated. The association of ventricular 
(lateral, third, and fourth) and suba- 
rachnoidal space dilation was found in 
case 10 (Table). In one patient, case 11 
(Table), the lateral ventricles were 
normal, but the third ventricle and the 
subarachnoidal spaces (around brain 
stem, Sylvian fissures) were enlarged. 
Exclusive dilation of the sulci above 
the cerebral hemispheres was noted in 
case 18 (Table). In patient 10, wide- 
ning of the subarachnoidal spaces 
above the cerebellar vermis was the 
single abnormal finding. These pa- 
tients did not have hypodense white ' 
matter areas. 

Follow-up examinations were car- 
ried out in two patients, two years 
(case 1) and 12 and 15 months (case 3) 
after the initial studies. In the follow- 
up of case 1, findings in the cerebral 
hemispheres were essentially unmod- 
ified but in the interim period infra- 
tentorial changes had occurred in the 
form of hypodensities in the cerebel- 
lar hemispheres. Dilation of the fourth 
ventricle as well as atrophy of cerebel- 
lar vermis and brain stem were also 
evident in the later examination. 

Four of the 13 patients had very 
high CSF protein levels: three had 
CT-demonstrated leukoencephalopa- 
thy and the fourth had substantial 
suleal dilation (Table). 


COMMENT 


The CNS histopathologic lesions 
reported previously in the multisys- 
tem complex of OCSNMD include 
noticeable vacuolization of the white 
matter, the cerebral hemispheres 
>brain stem spinal cord.'?-"? Loss of 
neurons and astrocytosis are found in 
the cerebellum." Our CT findings are 
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in accord with those pathological 
reports, with the most striking abnor- 
malities occurring in the white matter 
of the cerebral hemispheres in three 
patients. In one of these three cases, 
the white matter of the cerebellar 
hemispheres eventually became in- 
volved. The fact that major leukoen- 


cephalopathy was encountered only in - 


three of our 13 patients, all age 20 
years or younger, may indicate that 
this pathological change represents 
expression of a special subset of the 
syndrome rather than a time-course 
relationship. 

Recognition by CT of the leukoen- 
cephalopathic process in OCSNMD- 
RRF represents another example of 
the growing list of leukoencephalopat- 
hie processes in which CT can offer 
diagnostic information. Multiple 
sclerosis," progressive multifocal 
leukoencephalopathy,? methotrexate 
encephalopathy, adrenoleukodystro- 
phy,' metachromatic leukodystro- 
phy,” and neonatal anoxic encepha- 
lopathy with periventricular leuko- 
malacia?* are included in this list. 
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Regional Cerebral Blood Flow 


and EEG in Patients With Epilepsy 


Fumihiko Sakai, MD; John Stirling Meyer, MD; Hiroaki Naritomi, MD; Ming-Chang Hsu, MD 


® Regional cerebral blood flow (RCBF) 
was correlated with the EEG in 10 patients 
with partial seizures of the psychomotor 
or complex type, 10 patients with other 
types of partial seizures of the motor or 
sensory type, 4 patients with petit mal or 
absence seizures, and 9 patients with 
grand mal or generalized seizures. 

Of 20 patients with partial seizures stud- 
ied, 11 showed noticeable RCBF in- 
creases in the steady state in anatomical 
areas of the brain that correlated with the 
EEG focus or clinically suspected areas of 
epileptogenic activity. During the stan- 
dard psychophysiological activation pro- 
cedure, those patients who did not show 
regional hyperemia in the steady state had 
considerable RCBF increases in the 
suspected cerebral focus, together with 
RCBF increases in the brain stem and 
cerebellar regions and occasionally a 
zone of reduced RCBF surrounding the 
focus. 

Correlation was found between general- 
ized 3-Hz spike and wave dysrhythmia and 
increased cortical gray matter flow 
throughout both hemispheres during typi- 
cal absence seizures, with no hyperemia 
of the brain stem or cerebellar regions. 

Measurement of RCBF concurrently 
with EEG is of interest in seizure disor- 
ders, since it provides two different 
measures of excessive neuronal activity. 

(Arch Neurol 35:648-657, 1978) 


t is well established from experi- 
mental studies in animals as well 

as clinical studies in man that epilep- 
tic seizures are associated with 
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increased cerebral metabolism and 
consequently increased cerebral blood 
flow (CBF) because of the tight couple 
that exists between cerebral metabo- 
lism and blood flow. Furthermore, 
increases of regional cerebral blood 
flow (RCBF) limited to the zone of 
focal discharge have been seen in 
patients with focal cortical epilepsy 
during both spontaneous and induced 
seizures.? However, there is controver- 
sy concerning whether or not the 
RCBF of patients with partial sei- 
zures is increased or decreased during 
the interictal period.’ One possible 
explanation for this controversy is 
that epileptogenic foci may show vari- 
able states of metabolism, and CBF 
during the interictal interval depends 
on the state of neuronal activity 
which, in turn, may vary according to 
the psychophysiological state. The 
invasive nature of the xenon Xe 133 
carotid injection method limits control 
of the patient's psychophysiological 
state, which may account for the 
discrepancies to be found among the 
previously reported data. 

The xenon Xe 133 inhalation meth- 
od provides a noninvasive means of 
measuring RCBF; this provides ad- 
vantages for assessing RCBF when 
the patient is at rest and during 
changes induced by various types of 
cerebral activation. The inhalation 
method makes possible simultaneous 
measurements of the RCBF of the 
entirety of both cerebral hemispheres 
as well as the brain stem, diencepha- 
lon, and cerebellar regions supplied by 
the vertebrobasilar arterial system, 
which may be sites of importance in 
the epileptic brain. 

We measured RCBF using the 
xenon Xe 133 inhalation method while 


concurrently recording the EEG in 
patients with various types of epilep- 
sy for the following reasons. (1) We 
wanted to measure RCBF during the 
seizure-free interval under two differ- 
ent conditions, first, when the patient 
was at rest during the steady state 
(relaxation in quiet darkness); second, 
during a standard test of multiple 
psychophysiological activation (motor 
speech and audiovisual stimulation), 
and to compare these results with 
those obtained under comparable con- 
ditions in normal volunteers. (2) We 
wanted to correlate the EEG changes 
with RCBF patterns. (3) We wanted 
to evaluate the usefulness of xenon Xe 
133 inhalation measurements of 
RCBF in patients with seizures. 


PATIENTS AND METHODS 


Measurement of RCBF and EEG were 
made in 33 patients with epilepsy (16 men, 
17 women); the age range was 13 to 61 
years. Of these 33 patients; 10 had predom- 
inantly psychomotor seizures, 10 had other 
types of focal epilepsy, 4 had predominant- 
ly absence or petit mal, and 9 had mainly 
grand mal or generalized seizures. The 
RCBF data were analyzed and compared to 
normative values established in 26 age- 
matched healthy volunteers. The diagnosis 
of epilepsy was confirmed in all patients 
except three by clinical, EEG, angiograph- 
ic, and CT scans. In the three exceptional 
cases (all of whom had a clear-cut clinical 
history of psychomotor seizures and who 
responded to anticonvulsant medication), 
several EEGs (including ones performed 
during hyperventilation, sleep studies, and 
application of nasopharyngeal electrodes) 
failed to show any EEG abnormality. Only 
patients who were seen for medical 
management of seizures with otherwise 
normal neurological examinations were 
included; the exception was one patient 
with Creutzfeldt-Jakob’s disease (proved 
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by cerebral biopsy) who suffered from 
progressive dementia, seizures, and myo- 
clonic jerks and who had two generalized 
seizures during the RCBF measurements. 
Patients with arteriovenous malformation, 
brain tumor, or surgical lesions that might 
independently influence RCBF were ex- 
cluded from this study. No clear cause of 
the seizures could be determined in 28 
eases. A history of head trauma was 
reported in five patients with posttraumat- 
ic epilepsy; this was the presumed cause. 
Anticonvulsant medication was not discon- 
tinued prior to the RCBF study, but in one 
patient with phenytoin sodium intoxica- 
tion and elevated blood levels of the drug, 
dosage was reduced from 500 mg to 300 mg 
daily two days prior to the RCBF measure- 
ment. 

Serial measurements of RCBF were 
made in 27 patients with epilepsy. In the 
remaining six cases, a single run was made 
when the patient was in the steady state. 
In those cases of serial measurements, run 
1 was made when the patient was at rest in 
quiet darkness. To ensure standard control 
of environmental conditions in the labora- 
tory, the lights were turned off, the eyes 
were closed and, if necessary, a blindfold 
was used. The subjects were requested to 
lie quietly and to relax with the eyes closed. 
When the respirations were noted to be 
regular, the end-tidal carbon dioxide 
tension remained constant in the physio- 
logical range, the EEG showed some a 
activity, and electromyography (EMG) 
indicated satisfactory relaxation of muscle 
activity, the first measurement of RCBF 
was begun. Run 2 was made 30 to 40 
minutes after completion of the first rest- 
ing RCBF measurement and was per- 
formed during the activated state. The 
effect of the same standard multiple 
psychophysiological activation test on re- 
gional CBF has been reported previously in 
a series of normal volunteers* After run 1 
was completed, the subject was told to open 
his eyes and the room lights would be 
turned on prior to and during the second 
measurement. The subjects were in- 
structed to count forward and backward 
from 1 to 100 or to repeat multiplication 
tables, and a standard tape recording of 
popular dance music of the ballad type was 
played. In addition, the attending person- 
nel moved around the subject and occasion- 
ally engaged them in brief conversation by 
asking how the counting was proceeding, if 
they were comfortable, and assured them 
that they were performing well. Thus, the 
standard multiple psychophysiological acti- 
vation during run 2 included motor and 
sensory speech, calculation, audiovisual 
stimulation, arousal with increased alert- 
ness, and the intention or desire of the 
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subjects to cooperate with the tasks to be 
performed. 

The RCBF was measured by a modifica- 
tion of the xenon Xe 133 inhalation method 
described by Obrist et al* A detailed 
description of the system used in the pres- 
ent investigation has been reported else- 
where.? In brief, '**Xe clearance curves 
from 16 regions of the head as well as the 
end-tidal air curves were recorded through- 
out the ensuing ten minutes by means of 
an on-line digital computer. Sixteen colli- 
mated sodium iodide crystal scintillation 
detectors were mounted in place over both 
hemispheres as well as over the brain stem 
and cerebellar regions by means of a 
specially designed helmet. Two probes 
were used to record desaturation curves 
from the brain stem and cerebellar regions. 
One probe was placed below and behind the 
left mastoid process and pointed slightly 
upward in a manner designed to record the 
radioactivity from the midbrain and pons 
and overlying cerebellum. The other probe 
was placed below and behind the right 
mastoid process aiming at the upper part 
of the midbrain. The validity of the flow 
values from these probes has been 
discussed elsewhere.*'® 

The symmetry of the probe placement 
and the relationship of the individual 
probes to the bony landmarks of the skull 
were checked for accuracy by taking roent- 
genograms of the subject’s head with the 
probes in place. Each probe was mounted 
perpendicular to the skull in a port fitted 
with an adjustable thumbscrew so that 
moderate compression was sustained on 
the scalp without discomfort to reduce 
scalp flow and minimize radioactive con- 
tamination from extracranial sources. It 
has been shown previously that mean gray 
matter flow (Fg) values recorded when the 
probes were compressing the scalp were 
12% higher than Fg values obtained when 
the probes were loosely applied.* 

The detectors were fitted with collima- 
tors measuring 1.25 cm in diameter and 
2.54 em in length for the precentral, 
sylvian-opercular, parietal, posterior tem- 
poral, and occipital regions over both hemi- 
spheres. However, the frontal, inferior 
temporal, and brain stem-cerebellar detec- 
tors were fitted with longer collimators 
measuring 4.0 cm in length to provide 
optimum resolution and to minimize the 
possibility of contamination from '*?Xe 
entering the nasopharynx and air sinuses. 
The output from each detector was fed into 
a discriminator designed to accept pulses 
between 67.5 and 94.5 keV, so that y activ- 
ity was recorded for the clearance curves. 
The arterial concentration of ‘Xe was 
estimated from the end-tidal Xe activity 
to the expired air and was used to correct 


for the recirculation of "Xe to the head. 
Each head curve was deconvoluted by the 
computer, using a two-compartmental 
model in which the faster clearing com- 
partment was considered to represent 
primarily Fg and the second compartment 
to represent the flow of white matter (Fw) 
and some contamination from the flow of 
extracerebral tissue. Provided that the 
steady state conditions remained un- 
changed, RCBF values are highly repro- 
ducible, being in the order of —2.5% for Fg 
and —7.8% for Fw.” 

End-tidal partial pressures for carbon 
dioxide (PEco.), oxygen (PEo.) and counts 
for Xe were recorded from the face mask 
during the RCBF measurement; mean 
arterial blood pressure (MABP), pulse, and 
skin temperature were recorded on a poly- 
graph. 

Simultaneous monitoring of an eight- 
channel EEG (using the international 10 to 
20 system of electrode placement), eye 
movements, and EMG was carried out in 24 
patients with epilepsy; in the remainder, 
the diagnostic EEG performed within two 
to 48 hours of RCBF measurements was 
used for purposes of correlation. 

The protocol used for all RCBF measure- 
ments and the informed consent form 
describing the procedure were approved by 
the Bio-Safety Committee and Institution- 
al Boards for Human Investigation of 
Baylor College of Medicine and The Meth- 
odist Hospital. 

All the results were analyzed by two- 
tailed Student t test for statistical signifi- 
cance and were not considered significant 
unless they achieved a level of confidence 
more than 95%. 


RESULTS 
RCBF in Normal Subjects 


The mean hemispheric Fg values 
when subjects were at rest in quiet 
darkness in 26 normal volunteers who 
were age-matched to the patients 
with epilepsy owas 78.6 + 9.6 
(mean + SD) milliliters per 100 g 
brain per minute for the left hemi- 
sphere and 78.7 + 9.8 milliliters per 
100 g brain per minute for the right 
hemisphere. The mean Fg values for 
each brain region are displayed in Fig 
1. The mean value for the interregion- 
al coefficient of variation determined 
individually in each of the 26 normal 
volunteers was 12.4% for the left 
hemisphere (SD, 4.2%) and 11.6% (SD, 
3.6%) for the right hemisphere. There- 
fore, a variation in the regional Fg 
value from the hemispheric mean of 
greater than +24.8% (left hemi- 
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sphere) and +23.2% (right hemi- 
sphere) was considered to be an indi- 
cation of the presence of a regional 
abnormality in CBF of patients with 
epilepsy. !? 

It has been reported previously? 
that Fg values during multiple psy- 
chophysiological activation in 14 nor- 
mal volunteers were 90.0 + 6.0 millili- 
ters 100 g brain per minute in the left 
hemisphere, 88.4 + 14.0 in the right 
hemisphere, and 114.0 + 18.0 in the 
brain stem and cerebellar regions. 
Increases in Fg during activation 
compared with the resting state were 
13.9 + 7.5% for the left hemisphere, 
11.4 + 8.5% for the right hemisphere, 
and 20.1% for the brain stem and 
cerebellar regions. For the patients 
with epilepsy, changes in Fg in the 
region of the suspected epileptic focus 
during activation were analyzed with 
reference to these results obtained in 
normal volunteers and were also 
considered in relation to any overall 
changes in the pattern of RCBF. 

Values for Fw were calculated from 
the second compartmental analysis.’ 
For normals, Fw at rest was 
18.4 + 2.0 milliliters per 100 g brain 
per minute for the left hemisphere 
and 16.2 + 1.9 milliliters per 100 g 
brain per minute for the right hemi- 
sphere. As reported previously, during 
activation, the mean values for hemis- 
pheric Fw remained relatively con- 
stant during activation; they were 
20.0 + 2.5 milliliters per 100 g brain 
per minute for the left hemisphere 
and 16.4 + 2.3 for the right hemi- 
sphere.* 


RCBF in Epileptics 


The Table summarizes results of 
RCBF measurements of Fg when 
patients were at rest and during acti- 
vation in those classified according to 
the clinical manifestation of the 
seizures and the EEG. 

Ten patients with psychomotor sei- 
zures were examined. Among seven of 
these patients who showed paroxys- 
mal EEG discharges in the temporal 
lobe (case 1 through 7), three patients 
presented significant regional in- 
creases (+30.8 to +72.7% above the 
hemispheric mean) in the temporal 
lobe regions, which correlated ana- 
tomically to the EEG focus during the 
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resting state (patients 1 through 3). In 
case 2, regional hyperemia was seen 
not only in the region of the right 
temporal lobe, which was the only site 
where focal paroxysmal discharges 
were recorded during concurrent EEG 
recording, but regional hyperemia 
was also seen in the homologus region 
of the left temporal lobe where parox- 
ysmal discharges has also been record- 
ed at the time of a routine EEG three 
weeks earlier. 

An additional three patients with 
psychomotor seizures who showed 
normal CBF values (cases 4 through 6) 
during the resting run showed sub- 
stantial regional Fg increases in the 
temporal lobe corresponding to the 
paroxysmal EEG focus during activa- 
tion when compared with the resting 
values ( +39% to +47%). The regional 
zones of hyperemia in the temporal 
lobe during activation in patients 4 
and 5 were surrounded by areas of 
reduced Fg. This pattern of regional 
Fg activation in the temporal lobe 
with a bordering zone of deactivation 
is illustrated in Fig 2 (case 4). Patient 
7 also showed a similar pattern of 
regional hyperemia in the temporal 
lobe with surrounding areas of reduc- 
tion in Fg. 

The different patterns of RCBF 
with regional increases in the tempo- 
ral lobe, occuring either at rest or 
during activation, correlated well with 
the EEG findings in cases 1 and 5. 
Regional hyperemia was only dis- 
closed during the resting study in case 
l, where temporal lobe spike dis- 
charges were only seen when the 
patient was in the drowsy state. On 
the other hand, Fg values in the 
temporal lobe were noticeably in- 


creased during activation in case 5, : 


where irregular temporal lobe spike 
and wave discharges were recorded 
much more frequently in the EEG 
during the activation run. In this 
patient, psychomotor seizures were 
often precipitated by anxiety. 

The RCBF study also showed abnor- 
mal Fg values in the temporal lobe in 
three patients who failed to show any 
EEG abnormalities despite a typical 
clinieal history of psychomotor sei- 
zures (cases 8 through 10). For exam- 
ple, patient 8 (Fig 3) showed severe 
focal hyperemia in the right temporal 
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lobe with a mirror focus of hyperemia 
in the left temporal lobe at the time of 
one of his frequent attacks of auditory 
hallucination; this was followed by a 
reduction in the temporal lobe hyper- 
emia four days later after the institu- 
tion of anticonvulsant treatment with 
primidone in a dosage of 750 mg daily. 
Two other patients (cases 9 and 10), 
who also failed to disclose temporal 
lobe paroxysmal discharges on EEG, 
showed normal Fg values during the 
resting study but abnormal and exces- 
sive regional Fg increases in the 
temporal lobe developed during psy- 
chomotor activation (+75.2% to 
+79.8% above the resting value); 
regional flow increase in the brain 
stem and cerebellar regions ( +32% to 
+42%) also developed. As an example, 
case 9 is illustrated in Fig 4. 

All ten patients with types of focal 
epilepsy other than psychomotor who 
showed different types of paroxysmal 
discharges in regions other than 
temporal lobe were studied during the 
interictal period and at least one week 
following the last seizure. Six patients 
(cases 11 through 16) showed signifi- 
cant regional Fg increases (+ 29.0% to 
+51.1% above the hemispheric mean), 
which correlated well with the EEG 
focus or the clinically suspected ana- 
tomical site of the epileptic discharge. 
In two of these patients (cases 11 and 
13), focal EEG abnormality had been 
present one to three weeks before but 
was not present in the EEG at the 
time of RCBF measurements or in the 
EEG recorded 24 to 28 hours prior to 
the RCBF study. Three patients 
(cases 17 through 19) showed either 
moderately increased or reduced re- 
gional Fg values (+16.2% to —31.0% 
above or below the hemispheric mean) 
in the region of abnormal EEG during 
the resting state. During the psycho- 
physiological activation, however, two 
patients (cases 17 and 18) showed 
significant regional increases 
(4- 48.096 to +58.0% above the resting 
Fg values) together with large in- 
creases of RCBF in brain stem and 
cerebellar regions ( +35.0% to 48.2%). 
The activation study was not per- 
formed in one patient (case 19) with 
reduced Fg values in the suspected 
focus during the resting run. This 
patient showed focal paroxysmal dis- 
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Fig 1.—Regional gray matter flow (Fg) values in normal volunteers (n = 26) at rest in quiet 
darkness shows percentage deviation from hemispheric mean. Average age, 36 (+ 13) years. 


Fig 2.—Regional gray matter flow (Fg) changes during multiple psychophysiological activation (motor speech 
and audiovisual stimulation) compared with values at rest (quiet, dark) in boy, aged 16 years, with psychomotor 
seizures and right temporal EEG sharp- and slow-wave focus. At rest, mean arterial blood pressure (MABP) was 
89.0 mm Hg; end-tidal partial pressure of CO,, 41.6 mm Hg. During activation, MABP was 90.0 mm Hg; PECO,, 
41.6 mm Hg. 


Right Hemisphere 


Left Hemisphere 


= 25% |ncrease 
4— 25% Decrease 
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charges only during photic stimula- 


tion at the time of a previous EEG Core muon ef ERG Status 
recording in case 20, with massive Daciam PE: 

EEG discharges of high-voltage 8 and Gilsiiffosüon, or Bolero 

sharp activity in the left temporal Patient/ Age, yr/Sex Manifestation EEG Status 


region, Fg values were substantially 1/33/M FYRER clinically Spike in R temporal during sleep 
increased throughout the entire hemi- 2/28/M Psychomotor Spike in R temporal (spike in L 
sphere, with highest values recorded temporal on previous EEG) 
in the temporal region (Fig 5 and 6). 3/ 56/ F DEDOS occasional Sharp and slow in bilateral temporal 
. . : ence 
Four patients with absence or peut 4/16/M Psychomotor; history of Sharp and slow in R temporal 
mal seizures (cases 21 through 24), grand mal 
were studied during generalized 3-Hz 5/18/F Urano precipitated d edes xm ane cf AN ae a 
: ^ x y anxiety ocus in bilateral occipitotempora 
spike and wave discharges in th 
a Basic qu quiet ve ARS t rM 6/27/F Psychomotor Low-voltage in R temporal 
patients showed significant diffuse 7/14/M Psychomotor Spike in L temporal 
Fg increases in both cerebral hemi- DM Um e^ NUR Ten. ft 
«33 549 Sychomotor O Toca! abnormali 

spheres (106.7 + 5.8 milliliter per 100 : n 
g brain per minute), but regional Fg 9/19/F Psychomotor; history of No focal abnormality 
values in the brain stem and cerebel- T > sara i = =r ' 

; ot cas 10/31 sychomotor eneralized sharp and slow, no 
lar regions were normal (90.2 millilit- temporal paroxysmal discharge 
ers per 100 g brain per minute). While 11/61/F Focal motor (L hand) No focal abnormality (spike in R 


increased hemispheric Fg values re- frontal on previous EEG) 


mained elevated in two patients (cases Ley ta Foca moror (ul Sharp in R'frontal 

2] and 22) during the activation study 13/16/M Focal motor and sensory No focal abnormality (slow in L 
when generalized 3-Hz spike and wave (R hand) parietal on previous EEG) 
dysrhythmia continued to discharge, 14/39/M Focal sensory (L arm) Spike in R occipital 

the mean hemispher ic F g values 15/15/M Focal motor (R) Spike and sharp in L central 
became reduced in the two other 

patients (cases 23 and 24) during the 16/ 35/M Focal motor (R face) Spike in L frontal 


activation run when the generalized 
3-Hz spike and wave activity ceased. 
The reduction in the mean hemispher- 18/31/F 
ic Fg was associated with a moderate 
increase of regional Fg by +17.0% in 
the brain stem and cerebellar regions. 20/16/M 
The total mean hemispheric Fw was 
increased significantly to 24.9 + 4.1 
milliliters per 100 g brain per minute 22/15/M 
(P — .05) above normal values in the 


17/20/F Focal motor (L) Spike and slow in R central 


Focal motor (R arm) Sharp and slow in L central 


Sharp and slow in bilateral occipital 
with photic stimulation 


Massive focus of high-voltage and 
sharp in L temporocentral 


Generalized 3-Hz spike and wave 


19/22/F Tonic-clonic convulsion; L 
hemianopia 


Tonic-clonic convulsion; 
postictal dysphasia 


21/23/F Petit mal and grand mal 


Petit mal and grand mal Generalized 3-Hz spike and wave 


group of patients during 3-Hz spike 23/ 24/F Petit mal and grand mal Generalized 3-Hz spike and wave 
and wave dysrhythmia. 24/ 20/ F Petit mal and grand mal Atypical 2/-Hz spike and wave 
Seven of the nine patients with during sleep 
1 i 1 25/ 46/M Grand mal (Cruetzfeldt- Polyspike 
grand mal epilepsy had their seizures Dco Gisaaan} 
well controlled with medication (cases 26/18/M Grandi No abnormality 
26 through 32) and had normal EEGs 
with RCBF values. One patient (case 27/31/M Grand mal Generalized low-voltage fast 
25 ) with generalized ce eet re: Sane 28/ 46/M Grand mal Generalized low-voltage fast 
ciated with dementia due to Creutz- 
feldt-Jacob’s Disease had two brief 29/16/F Grand mal No abnormality 
grand mal myoclonic seizures during 
. 30/18/M Grand mal No abnormality 
recording of RCBF and EEG. All Fg 
values throughout the entire brain 31/38/F Grand mal Generalized low-voltage fast 
were increased (137.3 milliliters per 
32/ 44/ F Grand mal No abnormality 


100 g brain per minute. Maximal Fg 
were noted in both frontal (198.0 33/ 28/F 
milliliters per 100 g brain per minute) 


and brain stem and cerebellar regions * Fg indicates gray matter flow; L, left; R, right; Temp, temporal lobe; Front, roma lobe; Pariet, pari- 
Wali : etal lobe; Occip, occipital lobe; Cent, central ayrus. Fg given in milliliters per 100 g brain per minute. 

(206.2 milliliters 100 & brain per T Greater on the right side than on the left. 

t Significant change in regional flow values. 


Moderately slow and disorganized 
background 


Grand mal; phenytoin 
intoxication 


minute). The Fw was also increased to 
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alues in Patients With Epilepsy* 
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Fig 3.—Regional gray matter flow (Fg) shows percentage deviation from 
hemispheric mean in 33-year-old woman with psychomotor seizures and 
auditory hallucinations. Top, Before primidone treatment, treated with 
phenytoin alone having auditory hallucinations; EEG: alpha plus 6 to 7 Hz 
theta activity. Mean arterial blood pressure was 84.7 mm Hg; end-tidal 
partial pressure of CO,, 34.5 mm Hg. Bottom, After primidone was added to 
treatment four days earlier auditory hallucination improved; EEG: normal. 
MABP was 90.0 mm Hg; PECO,, 37.3 mm Hg. 


24.6 milliliters per 100 g brain per 
minute during grand mal seizures. A 
patient (case 32) who had phenytoin 
intoxication characterized by ataxia, 
drowsiness, and nystagmus showed 
substantial reduction of Fg values in 
occipital and brain stem and cerebel- 
lar regions. 

Changes in PEco, or MABP were 
not noticeable during activation in all 
the cases so that changes in these 
measurements may be excluded as 
influencing the present RCBF results 
during activation. 
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COMMENT 
RCBF in Patients 
With Partial Seizures 


It has been proved consistently in 
experimental animals and man that 
cerebral neuronal activity, metabo- 
lism, and CBF are closely coupled.'*-'? 
Likewise, the generalized spike dis- 
charges during grand mal seizures are 
associated with increases in total CBF 
as a result of a diffuse increase in 
cerebral metabolism.*'® The tight cou- 
pling between RCBF, enhanced neu- 
ronal activity (as manifested by the 


EEG), and regional metabolism has 
also been shown by regional increases 
in CBF accompanying experimentally 
induced focal spike discharges." 
There is some controversy, however, 
whether focal epileptic seizures in 


man are accompanied by regional 


hyperemia or ischemia during the 
interietal interval, probably because 
the EEG has not been recorded 
concurrently with measurement of 
RCBF previously. 

Lavy et al' reported regional flow 
decreases in all of their cases of focal 
epilepsy measured during the interic- 
tal period when the patients were free 
of seizures clinically; however, the 
EEG was not recorded at the time of 
the RCBF measurements. Contrarily, 
Hougaard et al* reported regional 
CBF increases in all of their cases of 
focal epilepsy measured during the 
interietal period whether the patient 
was at rest or during photic stimula- 
tion. In both of these studies, the 
intracarotid xenon Xe 133 injection 
method was used. 

This study was designed so that, 
whenever possible, the EEG was 
recorded concurrently with noninva- 
Sive measurements of RCBF in a 
group of patients with epilepsy who 
might be expected to show focal or 
generalized paroxysmal discharges in 
the EEG under carefully controlled 
psychophysiological conditions. In the 
nine patients in whom the EEG was 
not recorded concurrently with the 
RCBF measurements, the EEG was 
recorded within two to 48 hours of the 
RCBF measurements. 

An added advantage of the '?Xe 
inhalation method used in the present 
study of patients with seizures is that 
saturation of the entire brain with 
‘Xe Is obtained; this permits record- 
ing of RCBF of the brain stem, cere- 
bellum, diencephalon, as well as of 
RCBF of the occipital and inferior 
temporal regions, which are not satu- 
rated by the cartoid injection method. 
These regions are of particular inter- 
est in patients with seizures. 

Our results, proved by these RCBF 
measurements, indicated that epilep- 
togenic foci are often accompanied by 
regional hyperemia in the steady 
state or during the standard activa- 
tion procedure. Of 20 patients with 
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partial seizures, 11 patients in the 
steady state showed substantial re- 
gional flow increases in anatomical 
areas of the brain that correlated with 
the EEG focus or the clinically 
suspected area of epileptogenic activi- 
ty. Of the remaining nine patients 
who failed to show significant in- 
creases of RCBF in the steady state or 
who showed regional reduction from 
the mean hemispheric values, all 
showed noteworthy regional flow in- 
creases during psychophysiological ac- 
tivation. In some cases, the regional 
hyperemia measured during the stea- 
dy state became modified by psycho- 
physiological activation. Two patients 
showed further increases in the hyper- 
emic region, while another showed 
reduction. These results are consonant 
with the view that neurons in an 
epileptogenic focus are in a fluctuat- 
ing state of function and metabolism, 
which may be influenced by environ- 
mental stimuli, as suggested by Hou- 
gaard et al; this accounts for the 
differences among earlier measure- 
ments of RCBF on what was assumed 
to be the "interictal" interval in 
r patients with seizures. From the point 
of view of clinical control of seizures, 
it also confirms the view that envi- 
ronmental stimuli may play an impor- 
tant part in the aggrevation of 
seizures. 

Two pathophysiological explana- 
tions may be considered to account for 
the areas of reduced RCBF surround- 
ing the hyperemic zone of the 
epileptogenic focus. These are “sur- 
rounding inhibition™ or “cerebral 
steal.”"* It has been reported from 
observations in epilepsy experiments 
that the paroxysmal discharges of 
neurons within epileptogenic cortex 
are inhibited by the surrounding 
neurons, which tend to remain refrac- 
tory to excitation and limit the spread 
of the discharge. The RCBF reduc- 
tion surrounding the epileptogenic 
area is considered most likely to be 
due to this primary inhibition of 
surrounding neuronal activity and 
metabolism rather than being the 
result of intracerebral steal, since 
there was no known cerebrovascular 
disease in any of these patients. In 
any event, the RCBF pattern of 
regional hyperemia with a surround- 
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Left Hemisphere 
Fg (M*SD) *85.6*11.0 


Left Hemisphere =. 
Fg(M2SD) = 104.7 * 36.5 


Right Hemisphere 
M+SD)=81.9+ 12.0 


+25% —= % Deviation from the Hemispheric Mean Value 
— > Fg= ml / 100g brain / min 


-4— 50% Increase Compared with the Resting Value 
-— 50% Decrease Compared with the Resting Value 


Fg = ml / 100g brain / min 


Fig 4.—Regional gray matter flow (Fg) values show percentage deviation from 
hemispheric mean in 19-year-old woman with clinical psychomotor seizures. 
Patient's medication was primidone, 125 mg thrice daily. Brief seizures improved. No 
abnormal discharge was seen on EEG. Top, At rest in quiet darkness. Mean arterial 
blood pressure (MABP) was 79.3 mm Hg; end-tidal partial pressure of CO., 41.6 mm 
Hg. Bottom, During multiple psychophysiologic activation complaining of visual 
hallucinations. MABP was 81.3 mm Hg; PECO,, 41.6 mm Hg. 


ing border of decreased RCBF ap- 
pears to be characteristic of the 
epileptogenic focus. 


Clinical Findings 
EEG Focus, and RCBF 


In all the patients with partial 
seizures except two (cases 7 and 19), 
the clinieal and EEG localization of 
the paroxysmal discharge correlated 
well with the RCBF hyperemia. It was 
also noted that if the EEG focus was 
large, then there were corresponding 





large areas of regional hyperemia. 
The fluctuating state of the RCBF in 
the epileptogenic focus also appeared 
to be influenced by brain stem and 
cerebellar connections to the cortical 
focus, since these regions also showed 
corresponding flow changes depend- 
ing on the influence of environmental 
stimuli or whether the patient was 
drowsy and relaxed. For example, in 
four patients (cases 9, 10, 17, and 18) 
the RCBF of both the epileptogenic 
focus and the brain stem-cerebellar 
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Fig 5.—Electroencephalogram of 16-year-old boy shows high voltage ô waves and sharp 
wave activity in left temporocentral region. 


Fig 6.—Regional gray matter flow (Fg) values in same patient as Fig 5: 16-year-old boy with grand mal seizures during 


interictal period characterized by dysphasia and confusion. MABP was 82.7 mm Hg; end-tidal partial pressure of CO., 
41.4 mm Hg. 


Left Hemisphere Right Hemisphere 
Fg(M * SD) * 123.3 10.3 g (M*tSD)*95.3 * 5.5 


(Fg in normals =78. 6) (Fg in normals =78, 7) 
Fg=ml/100gbrain/ min 
h t = percent increase from 
the normal regional mean Fg (p<0. 05) 
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regions increased during activation 
while they did not show hyperemia 
during the steady state. 

An example of the possible excitato- 
ry influence of the brain stem and 
cerebellar regions on the cerebral 
cortex was observed in patient 25; 
during a grand mal seizure, maximal 
increases were noted in both the brain 
stem-cerebellar regions and hemis- 
pheric flows. This phenomenon is in 
accordance with the view that during 
generalized seizures, the brain stem 
exerts an excitatory influence over 
the entire cerebral cortex. Generalized 
seizures may thus be precipitated as 
an excessive response to cerebral acti- 
vation associated with activation of 
` the brain stem reticular formation, as 
has been reported in normal volun- 
teers during psychophysiological acti- 
vation." 

Good correlation of generalized 3- 
Hz spike and wave dysrhythmia with 
increased hemispheric blood flow but 
without increased flow in the brain 
stem and cerebellar regions was also 
observed in patients during absence 
or petit mal seizures. The global 
increase of Fg values became reduced 
if the EEG spike and wave dysrhyth- 
mia ceased during the second mea- 
surement. The hyperemia of both Fg 
and Fw observed in these patients is 
in agreement with the previous 
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reports by Penfield et al, who 
observed flow increases in both corti- 
cal and subcortical structures during 
seizure discharges. The flow pattern 
in petit mal seizures differs from 
grand mal because of the absence of 
any flow increase in the brain stem 
and cerebellar regions during the 
attacks. This observation supports the 
view that the brain stem and cerebel- 
lar or reticular system may influence 
the seizures by ceasing some inhibito- 
ry control on the cortex® rather than 
by active excitation of the epilepti- 
form discharge, as appears to be the 
case in the grand mal seizures. 

The presence of the regional hyper- 
emia in the absence of EEG focal 
abnormality in patients with focal 
seizures has been reported previous- 
ly.* In this study, three patients with 
typical psychomotor seizures who 
failed to show focal abnormal EEG 
findings had remarkable regional 
cerebral hyperemia that subsequently 
declined toward normal as the sei- 
zures became controlled by medical 
treatment. Although experimental 
studies have shown substantial inter- 
ictal neuronal hyperactivity in epilep- 
togenie foci despite the absence of 
clinical seizures,” it is common clini- 
cal experience for spike and paroxys- 
mal activity in a cortical focus to be 
present at one time and absent at 
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another time of EEG recording in 
patients with seizure disorders. In 
such cases, even provocative tech- 
niques may not evoke a focal 
discharge. It is, therefore, considered 
plausible for an increased RCBF to be 
present in an epileptogenic focus 
despite the absence of focal EEG 
abnormality. Because of this inconsis- 
tency of the paroxysmal EEG dis- 
charge, it was difficult in our study to 
determine how long regional cerebral 
hyperemia persisted after an EEG 
focus has stopped discharging. Nev- 
ertheless, regional hyperemia mea- 
sured by the noninvasive '^Xe inhala- 
tion method may be a useful indicator 
of an interictal seizure focus despite a 
normal EEG. 

The RCBF measurement may have 
some usefulness in indicating the 
presence of epileptogenic foci in 
patients suspected of focal seizure 
disorders on clinical grounds but in 
whom the EEG may be normal or not 
characteristically abnormal. Multiple 
psychophysiological activation during 
RCBF combined with EEG recordings 
may disclose otherwise quiescent epi- 
leptogenie foci and contributes fur- 
ther to the understanding of the 
epileptogenic process. 
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Disulfiram Neuropathy 


Garry Moddel, MD, FRCP(C); Juan M. Bilbao, MD, FRCP(C); David Payne, MD; Peter Ashby, MD, FRCP(C) 


* A 35-year-old man developed a distal 
sensorimotor polyneuropathy after taking 
disulfiram, 500 mg daily for five months. 
His symptoms improved after the drug 
therapy was discontinued. Clinical, elec- 
trophysiological, and pathological obser- 
vations during the acute stage and during 
recovery suggest that disulfiram produces 
a distal axonopathy. 

(Arch Neurol 35:658-660, 1978) 


eyo (Antabuse) is known to 
produce a sensorimotor periph- 
eral neuropathy.'? The neuropathy 
has been reported infrequently (only 
25 cases to date) and there have been 
no detailed pathological observations. 
We have studied a patient in whom a 
neuropathy developed while taking 
disulfiram. 


REPORT OF A CASE 


The patient was a 35-year-old man who 
had been committed to a psychiatric hospi- 
tal three years earlier for amphetamine 
abuse and assault. Six months prior to 
admission, he had been permitted to leave 
the hospital during the day, and therapy 
with disulfiram, 500 mg daily, was begun. 
He did not take alcohol or other drugs 
during this period. Four weeks prior to 
admission, he developed aching pains and 
numbness over the distal halves of both 
feet, unsteadiness when walking, and later 
difficulty lifting his feet. He had also noted 
difficulty performing fine movements 
with his fingers. There was no family 
history of neurological disease. He was not 
diabetic and had not been exposed to indus- 
trial chemicals. He smoked 30 cigarettes 
daily. He had been treated for primary 
syphilis with penicillin three years ear- 
lier. 

On examination the patient was thin, 
but well nourished. There was a pigmented 
patch on the right thigh, but the results of 
general examination were otherwise nor- 
mal. He was alert and oriented. The func- 
tion of the cranial nerves was normal 
(there was no optic atrophy). There was 
weakness (3/5) of the finger extensors and 
the small muscles of the hands bilaterally, 
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and profound weakness (1/5) of the dorsi- 
flexors and plantar flexors of the feet and 
of the intrinsic foot muscles. The triceps 
and knee jerks were reduced and the ankle 
jerks were absent. Joint position sense was 
severely impaired in the toes. Vibration 
perception was impaired in the fingers 
(threshold, 2 m, normal, 0.5 u) and toes 
(threshold, 12 u; normal, 4 u). There was a 
subjective reduction in pinprick below the 
ankles. Light touch threshold was normal 
(0.2 g) on the fingers and toes. 

All hematological and biochemical in- 
dices were normal. The fasting blood 
glucose level was 80 mg/dl and the glucose 
tolerance test was normal. The erythrocyte 
sedimentation rate was 6 mm/hr, antinu- 
clear factor was not detected, the Paul- 
Bunnell test and the VDRL were negative. 
The CSF protein concentration was 56 
mg/dl. The CSF IgG level was 4 mg/dl 
(normal) and the CSF albumin concentra- 
tion was 40 mg/dl (normal). The EEG 
showed intermittent 5- to 7-Hz activity 
suggestive of a minor metabolic disorder. 

Motor nerve conduction velocity could 
not be measured in the peroneal nerves as 
no responses could be recorded from the 
extensor digitorum brevis muscle. Conduc- 
tion velocity was normal in the right 
median nerve (48 m/s) and slow in the 
right ulnar nerve (38 m/s). The peak-to- 
peak amplitudes of the evoked muscle 





compound action potentials were reduced 
(thenar, 9.5 mV; hypothenar, 84 mV). A 
small (10-uV) sensory action potential was 
obtained from the right sural nerve and 
conduction velocity caleulated at 53 m/s. 
Low-amplitude (2- to 12-u V) sensory action 
potentials were obtained from the right 
median nerve with normal distal latencies. 
Denervation potentials (3+) were detected 
in distal muscles. There was a reduction in 
the number of motor units activated 
during a voluntary contraction, some large- 
amplitude, long-duration potentials were 
present, and rapid firing was observed. 
The first (right) sural nerve biopsy speci- 
men was taken at this time. 

Disulfiram therapy was discontinued, 
and in two weeks the patient noted subjec- 
tive improvement. A detailed reassessment 
was carried out ten weeks later. His 
strength had improved further (dorsiflex- 
ion of the feet was now 4/5). Pinprick 
remained decreased distally, but joint posi- 
tion was almost normal. He could detect 
vibration of 1 » on the fingers and 4 u on 
the toes (normal). 

The motor and sensory nerve conduction 
velocities and distal latencies, where meas- 
ured, were now normal. There was less 
denervation in peripheral muscles, but 
large-amplitude polyphasie potentials were 
again observed. The second (left) sural 
nerve biopsy was performed at this time. 


Fig 1.—Transverse section of right sural nerve (taken during acute phase). Note reduced 
density of myelinated fibers. Numerous fibers (arrows) appear to be undergoing 
degeneration (epoxy resin ([Epon-Araldite], toluidine blue, original magnification 
x 1,000). 
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Fig 2.—Right sural nerve (taken during acute phase) showing 
axonal degenerative changes. The axoplasm is obliterated by 
amorphous material (arrow) and Schwann cell cytoplasm is filled 
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with myelin fragments (original magnification x 8,000). 
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Fig 4.—Section of left sural nerve (taken during recovery) showing almost normal density 
of myelinated fibers and absence of any degenerative changes (epoxy resin [Epon- 
Araldite], toluidine blue, original magnification x 1,000). 


Sural Nerve Biopsy Specimens 

The tissue was fixed in phosphate- 
buffered 4% paraformaldehyde-glutaralde- 
hyde solution, postfixed in phosphate- 
buffered 1% osmium tetroxide, and 
embedded in Epon-araldyte after ethanol 
dehydration. Cross and longitudinal (l-u) 
sections were stained with toluidine blue 
for light microscopy. For electron micros- 
copy, silver sections were double-stained 
with uranyl acetate and lead citrate. Addi- 
tional pieces of nerve were fixed in neutral 
formaldehyde, embedded in paraffin, and 
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stained with hematoxylin-phloxine-saf- 
fron, Luxol fast blue, PAS, Congo red, and 
Bodian. 

The right sural nerve specimen taken at 
the acute stage consisted of two fasciculi. 
The density of myelinated fibers was esti- 
mated to be 3,800/sq mm (normal, 6,000 to 
8,0000/sq mm). Many of these fibers 
appeared to be undergoing degeneration 
(Fig 1) There were no inflammatory 
cells. 

Under the electron microscope, there 
were a large number of myelinated fibers 
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Fig 3.—Right sural nerve (taken during acute phase) showing 
Schwann cell processes encompassed by single basement 
membrane (original magnification x 16,000). 


of all diameters in various stages of degen- 
eration. The earliest change appeared to be 
a dissolution of microtubules and neurofil- 
aments without a concomitant alteration 
of the surrounding myelin sheath. In the 
more severely affected fibers there was 
disintegration of the axon with loss of 
organelles and the appearance of an irreg- 
ular granular substance of moderate elec- 
tron density. This coincided with the 
formation of myelin bodies (Fig 2). Fibers 
at a later stage of degeneration contained 
smaller myelin ovoids. The breakdown 
products of myelin remained enclosed by a 
Schwann cell cytoplasmic membrane. Occa- 
sional denervated bands of Bunger con- 
taining myelin debris were present (Fig 3). 
Myelin breakdown was not seen in the 
absence of changes in axons in serial, longi- 
tudinal, and cross sections. The unmyeli- 
nated axons were spared. 

The left sural nerve biopsy specimen, 
taken ten weeks after disulfiram therapy 
had been discontinued, consisted of three 
fasciculi. The density of myelinated fibers 
was estimated to be 5,800/sq mm. Osmo- 
philie debris could be seen within the 
endoneurium of some fibers, but there 
were no actively degenerating fibers (Fig 
4). There was no evidence of ongoing axo- 
nal degeneration on the electron micro- 
scopic sections. Occasional Schwann cell 
processes containing myelin debris were 
found. Regenerating units, consisting of 
Schwann cell processes of complementary 
shapes, some containing axis cylinders 
with an elongated mesoaxon and others 
containing axons with a thin myelin coat, 
were numerous (Fig 5). Some large fibers 
had relatively thin myelin coats. 
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COMMENT 

The distal sensorimotor neuropathy 
observed in the present case was simi- 
lar to the clinical picture previously 
described in association with disulfi- 
ram. Denervation potentials were 
detected in distal muscles while con- 
duction velocities were normal or only 
slightly reduced. These electrophysio- 
logical findings were also similar to 
those reported in previous cases"? and 
imply a process of axonal degenera- 
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Fig 5.—Left sural nerve (taken during recovery) showing a cluster of Schwann cell 
processes of complementary shapes containing three axis cylinders. One is unmyeli- 
nated (a), one is unmyelinated but has spiralling of mesoaxon (b), and one has acquired 
thin myelin coat (c) (original magnification x 8,000). 


tion rather than segmental demyeli- 
nation. 

The initial sural nerve biopsy speci- 
men confirmed this. The earliest 
change in the myelinated fibers was a 
dissolution of the axonal organelles, 
indicative of a primary axonal degen- 
eration. This change was qualitatively 
similar to those observed in peripheral 
nerve fibers in experimental isoniazid 
neuropathy'^ and during the earliest 
stages of Wallerian degeneration fol- 
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lowing transection or crushing inju- 
ry." The subsequent stages of degen- 
eration were also typical of an axonal 
lesion; there was no myelin break- 
down in the absence of axonal degen- 
eration. 

The recovery, both clinical and path- 
ological, in the present case suggests 
that the pathological changes repre- 
sented a dying back process (or "distal 
axonopathy") rather than degenera- 
tion secondary to the loss of nerve 
cells. A similar type of distal axonal 
degeneration has been observed in 
other toxic neuropathies.’* 

Disulfiram is known to cause en- 
cephalopathy* and optic atrophy’ as 
well as peripheral neuropathy. It has 
been postulated’ that the encephalop- 
athy may be related to the interfer- 
ence with aldehyde dehydrogenase” 
or dopamine-f-hydroxylase,'' but it is 
not known how the peripheral neurop- 
athy is produced. It is clear that the 
neuropathy can develop without the 
alcohol-disulfiram reaction occurring.’ 
The most attractive hypothesis at 
present is that disulfiram is metabo- 
lized to carbon disulfide,?^^ which is 
capable of causing an axonal neurop- 
athy in animals'*'? and in man.'*'* 


Nancy Bennett prepared the manuscript. 
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Intracranial Pressure Reserve Testing 


Initial Clinical Observations 


Harold A. Wilkinson, MD, PhD 


e Sequential subdural injections of 
fluid through an intracranial pressure 
(ICP) monitoring cup catheter have been 
employed to measure “ICP reserve” in a 
series of 136 determinations in 30 
patients over a total of 155 days of record- 
ings. This dynamic method of quantitating 
the brain’s ability to adapt to increased 
intracranial volume tests the brain’s com- 
pensatory mechanisms over a five-minute 
time span. The test, incorporating several 
safety features, has been found to be 
reliable, safe, and well tolerated. 

A series of observations have been 
made using this test in patients with 
subdural drains and in response to fluid, 
mannitol, and dexamethasone therapy. 
Deteriorating ICP reserve gave early 
warning of the need for reoperation for 
postoperative hematoma, massive brain 
swelling, or cystic reaccumulation. Intra- 
cranial pressure reserve testing also 
quantitated the evolution of postoperative 
brain edema. Changes in ICP reserve 
could be detected as much as 48 hours 
before changes in baseline ICP and as 
much as 72 hours before clinical deterio- 
ration was evident. 

(Arch Neurol 35:661-667, 1978) 


| iiom pressure (ICP) monitor- 
ing seems to be useful in two 
major areas: as a guide to therapy and 
as an aid in prognosis.'? It has been 
Accepted for publication Nov 30, 1977. 
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repeatedly shown that ICP begins to 
rise before clinical deterioration is 
evident. Since much of the effort 
expended in the therapy of head- 
injured or postoperative neurosurgical 
patients is directed toward controlling 
increased ICP (viz, steroids, diuretic 
agents, hyperventilation, etc) the abil- 
ity to quantitate the effectiveness of 
these measures is obviously a valuable 
contribution. This is especially valu- 
able if it allows therapy to be insti- 
tuted at the time of initial rise in ICP 
and prior to clinical deterioration of 
the patient. Equally valuable, howev- 
er, is the ability to decide when furth- 
er aggressive therapy, such as dehy- 
dration, is no longer necessary. 

In the area of assisting with prog- 
nosis, however, ICP monitoring has 
proved to be more controversial. It 
has repeatedly been shown that cen- 
tral nervous system disruption or 
dysfunction can occur without signifi- 
cant increase in ICP, the most notable 
examples being injuries to the brain 
stem. In patients with such injuries, a 
poor neurologic outcome may be real- 
ized despite the absence of intracrani- 
al hypertension. On the other hand, it 
is obvious that a persistent severe 
elevation of ICP or a steadily rising 
ICP both signify severe intracranial 
disturbance. While intracranial hyper- 
tension alone does not always corre- 
late with poor neurologic recovery, 
severe intracranial hypertension, if 


untreated, is an ominous situation. 

Those situations in which ICP 
remains normal yet neurologic recov- 
ery is poor, and those situations in 
which normal intracranial pressure is 
unexpectedly replaced by intracranial 
hypertension, are particularly trouble- 
some. In these situations an additional 
factor of intracranial dynamics be- 
comes increasingly important, ie, the 
measurement of intracranial “com- 
pliance” or “intracranial pressure re- 
serve.” We have quantitated in exper- 
imental animals a method for measur- 
ing “intracranial pressure reserve” 
that seems both safe and more reliable 
than other methods so far advocated,* 
and have begun applying this testing 
method in human patients. This arti- 
cle reports our initial observations 
based on clinical applications. 


METHODS 

After a series of animal studies, we 
devised a test that we termed the "ICP 
reserve test," which we found to be more 
reliable than any of several other methods 
tested, including a modification of the test 
of cerebral "elastance" as described by 
Miller et al.*'* This ICP reserve test uses 
multiple inerements of subdural saline 
infusion at one-minute intervals over a 
five-minute period to quantitate cerebral 
reactivity to volumetric stress. For human 
use, a series of a maximum of five injec- 
tions of 1.0 ml each of sterile Ringer's 
lactate with bacitracin (50,000 units in 500 
ml) is injected rapidly subdurally at one- 
minute intervals. Induced increases in ICP 
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are measured one minute following each 
subdural infusion, with the infusion itself 
being given rapidly over approximately 
five seconds. 

Since safety is of paramount importance 
in human testing, the ICP reserve test is 
not employed if resting ICP remains spon- 
taneously elevated above 30 mm Hg, at 
which point cerebral compensatory mecha- 
nisms can be assumed to be significantly 
compromised already. (Initially a cutoff 
point of 40 mm Hg was specified, but this 
was subsequently reduced in the interest of 
patient safety.) Furthermore, the injec- 
tions are discontinued at any point when 
an increase of 5 mm Hg or more is main- 
tained for one minute following the latest 
injection, even if less than five injections 
have been given. In these situations the 
elevation in baseline ICP that might have 
been achieved by a full series of five injec- 
tions is calculated by a simple linear extra- 
polation and is recorded as a “slope” value 
(slope equals the observed increase in ICP 
one minute after the last injection divided 
by the number of injections times five). An 
increase in ICP reactivity (“slope” value) 
greater than 5 mm Hg is thought to be 
abnormal. Since the rapid component of 
the intracranial volume pressure response 
is actually an exponential function, this 
simple linear extrapolation somewhat un- 
derestimates the predicted maximal re- 
sponse. The calculated "slope" value is thus 
a conservative, yet clinically useful, quanti- 
tative estimation of the degree of com- 
promise of ICP reserve that is present 
clinically. 

In this clinical series, intracranial pres- 
sures were measured using a subdurally 
placed ICP pressure monitoring cup 
attached to an electromagnetic strain 
gauge.*'* Pressures were displayed on an 
oscilloscope display and were recorded on a 
paper recorder with paper speeds of 60 
mm/min or 60 mm/hr. 


RESULTS 


ICP reserve tests were performed 
once or twice daily for a total of 136 
determinations in 30 different pa- 
tients during 33 periods of ICP moni- 
toring over a total of 155 days. These 
patients’ etiologic diagnoses are listed 
in Table 1. All but three patients had 
an ICP monitoring cup catheter 
placed at the time of craniotomy or 
trephination. The ICP monitoring cup 
catheter was placed through a burr 
hole in one patient with head trauma 
who received no other surgical inter- 
vention. An ICP monitoring cup 
catheter was placed through a contra- 
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lateral burr hole 36 hours prior to 
craniotomy for evacuation of an intra- 
cerebral hematoma in a rapidly deteri- 
orating patient with a middle cerebral 
artery aneurysm. A “Richmond 
screw” was placed preoperatively in a 
single patient with a ruptured inter- 
nal carotid artery aneurysm and 
intracerebral hematoma, and this de- 
vice was left in place following a de- 
finitive craniotomy. 


Complications 


None of these patients developed 
clinical signs of infection during 
monitoring for periods of 2 to 15 days, 
although one patient developed a 
delayed epidural staphylococcal infec- 
tion that required surgical drainage 
five days following removal of the 
monitoring catheter. A clear break in 
technique occurred in this patient 
when his catheter became completely 
disconnected from the transducer; 
later, the contaminated end was reat- 
tached to the monitoring system. A 
second patient developed a superficial 
stitch abscess remote from the cathe- 
ter site. A third patient, who removed 
his own head dressing and was found 
with his fingers at the exit site of his 
ICP monitoring cup catheter, devel- 
oped an asymptomatic staphylococcal 
colonization at the exit wound site but 
no clinically evident infection. 

ICP reserve testing was well toler- 
ated in all patients. Most patients 
were totally unaware of the injections 
even though fully alert. No patient 
developed serious headaches, and no 
patient developed neurologic deterio- 
ration or pathologic plateau waves 
coincident with ICP reserve testing. 


Observations on Subdural Drains 
and Therapy of 
Intracranial Hypertension 


Despite the preliminary nature of 
this study, a number of interesting 
observations were made. In three 
patients subdural drains were em- 
ployed; in none of these patients was 
there obvious impairment of intra- 
cranial pressure monitoring or of ICP 
reserve testing. During ICP reserve 
testing the drain tube was temporari- 
ly clamped. As shown in Fig 1, base- 
line ICP did rise slightly following 
removal of the drain, but ICP reserve 





Table 1.—Etiologic Diagnoses 
of Patients Undergoing 
ICP Reserve Testing 











No. of 
Patients 
Brain tumor 15 







Trauma 6 
Intracranial aneurysm 5 
Intracerebral hematoma 4* 
Arteriovenous malformation 2 







Subdural empyema 





"Includes three patients with both intracere- 
bral hematoma and, respectively, aneurysm, 
trauma, and arteriovenous malformation. 


25 
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Fig 1.—Baseline ICP and ICP reserve tests 
following evacuation of intracerebral he- 
matoma. Horizontal bars denote baseline 
ICP. Wide vertical bars denote ICP 
increase induced by reserve test. Total 
induced ICP increase greater than 5 mm 
Hg is considered abnormal. (D) denotes 
subdural drain in place. Despite initial 
hemiplegia and obtundation, patient made 
an eventual satisfactory recovery. 


did not deteriorate. 

Three observations concerned the 
therapy of intracranial hypertension. 
The first observation involved six 
patients in whom the effect of reduc- 
tion of dexamethasone dosage was 
followed by a rapid deterioration of 
ICP reserve within 24 hours (Fig 2 and 
3). This was particularly noteworthy 
since none of these patients developed 
a rise in baseline ICP. Mild clinical 
deterioration developed in two pa- 
tients 48 hours after corticosteroid 


Intracranial Pressure—Wilkinson 


50 


Co A 
o e 


Nh 
e 


Pressure, mm Hg 


a 


Dexamethasone 
Decreased 


Tracheostomy 


—10 
T. ow 3 4 





BWo T. dy 
Days Postsurgery 


n2 
e 


|! 


Continuous 
Mannitol 


Pressure, mm Hg 
— 
C 


ok 
eo 


10 11 12 13 


Steroid 
Reduction 





Days Postsurgery 


Fig 2.—Baseline ICP and ICP reserve tests measured through burr 
hole following severe closed head trauma. Dexamethasone 
dosage was decreased on day 3 because of GI bleeding, resulting 
in deterioration of ICP reserve but no change in baseline ICP. 
Controlled ventilation was converted from endotracheal intuba- 
tion to tracheostomy on day 4. Continuous mannitol infusion was 
begun on day 11 with prompt fall in baseline ICP and return of ICP 
reserve to normal. Patient remained deeply comatose throughout, 
with long-term vegetative survival. Open bar indicates slope 
values, black bar, induced ICP increase. 


Fig 3.—Baseline ICP and ICP reserve tests following resection of 
brain tumors in two patients. Corticosteroid reduction caused 
transient deterioration in ICP reserve, but no deterioration in 
baseline ICP or clinical status. Neither patient developed early 
deterioration in ICP reserve. Fall in ICP observed during perform- 
ance of ICP reserve testing on day 3 in first patient resulted from 
slow spontaneous fluctuation in baseline ICP. Since fluid infusion 
during test failed to cause increase in ICP, final reading was 
actually lower than initial baseline reading. Clinical recovery was 
excellent in both patients. Open bar indicates slope values; black 


reduction had been begun. This result 
is consistent with previously reported 
observations in baboons'* and in man? 
that intraventricularly measured ce- 
rebral "elastance" normalizes within 
24 hours following initiation of corti- 
eosteroid therapy, but reduction of 
baseline ICP to normal levels may 
take two to five days. Becker et al" 
similarly observed clinical improve- 
ment in patients during subdural ICP 
monitoring within 24 hours following 
initiations of corticosteroid therapy, 
but noted that a fall in ICP to normal 
often required up to five days. As a 
result, it is our policy at present to 
eontinue ICP monitoring in patients 
for at least 24 hours after the initial 
stage of corticosteriod reduction has 
been begun, even with normal ICP 
and ICP reserve. 

The second observation involved 
two patients in whom the effect of 
overly vigorous administration of 
isoosmotie fluids was demonstrated. 
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bar, induced ICP increase. 


In one patient with an intracranial 
aneurysm (Fig 4), overly vigorous 
hydration intraoperatively resulted in 
a 40% increase in intracranial pressure 
(10 mm Hg increase) but an 850% 
increase in ICP “slope” value, indicat- 
ing a severe deterioration in ICP 
reserve. Despite this, the patient 
remained alert with little neurologic 
deficit. In a second patient with a 
small postoperative hematoma being 
managed nonoperatively (Fig 5), the 
administration of 1 liter of Ringer’s 
lactate solution over a four-hour peri- 
od caused a dramatic clinical deterio- 
ration in the patient and a rapid dete- 
rioration both in baseline ICP and in 
ICP reserve. Following removal of her 
hematoma, there was prompt im- 
provement both in baseline ICP and in 
ICP reserve, and gradual neurologic 
improvement. 

The effect of mannitol administra- 
tion on baseline ICP and ICP reserve 
constituted the third observation on 


the results of therapy and was clearly 
demonstrated in two patients. In one 
patient with head trauma (Fig 2), the 
baseline ICP remained moderately 
elevated despite intermittent admin- 
istration of mannitol, and ICP reserve 
remained abnormally compromised. 
Mannitol was then administered con- 
tinuously, beginning at 15 g/hr and 
reducing the rate progressively while 
ICP remained normal. With the 
administration of mannitol contin- 
uously, there was an abrupt and 
dramatic fall in both baseline ICP and 
ICP reserve. In a second patient (Fig 
5), ICP reserve testing was done on 
three days during or immediately 
following a bolus administration of 
mannitol; on each occasion, the test 
showed normal ICP reserve with only 
modest elevation of baseline ICP. 
However, ICP reserve testing done 
more than four hours after mannitol 
administration consistently demon- 
strated a deteriorated ICP reserve 
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Fig 4.—Baseline ICP and ICP reserve tests done through Rich- 
mond bolt both before and following evacuation of intracerebral 
hematoma and repair of intracranial aneurysm. Note sharp dete- 
rioration in ICP reserve following intraoperative hydration. Post- 
operatively, patient was drowsier than preoperatively, but with no 
change in focal neurologic deficits. Her eventual recovery was 
excellent. Open bar indicates slope values; black bar, induced 
ICP increase. 


Fig 5.—Baseline ICP and ICP reserve tests following excision of 
cerebral arteriovenous malformation with intracerebral hemato- 
ma and following reoperation for postoperative hematoma. (M) 
denotes ICP reserve test done during or immediately following 
mannitol infusion. Deterioration in ICP reserve was evident 72 
hours before reoperation, but baseline ICP did not rise until 
Ringer's lactate administration was begun six hours before 
reoperation. Patient remained drowsy, but did not deteriorate 
clinically until three hours prior to reoperation. There was marked 
improvement in ICP reserve and baseline ICP immediately after 
reoperation, with rapid clinical improvement beginning next day. 
See Fig 3 for explanation of observed fall in ICP on day 12. Open 
bar indicates calculated slope values; black bar, observed 
induced ICP increase. 


despite baseline ICPs remaining in 
the normal to slightly elevated range. 
In this patient the additional decom- 
pensation occasioned by hydration led 
to subsequent reoperation. A similar 
ehange was observed also by Miller 
and Leech,? with ICP reserve re- 
sponding much more dramatically 
than baseline ICP following mannitol 
administration. 


Reoperation 


Delayed postoperative deteriora- 
tion led to reoperation in two patients, 
one with a postoperative hematoma 
and one with massive brain swelling 
(Fig 5 and 6). In both patients, base- 
line ICP rose sharply immediately 
prior to surgery, but ICP reserve 
clearly deteriorated 24 to 72 hours 
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prior to a rise in baseline ICP. In both 
patients, reoperation effected a 
marked improvement both in baseline 
ICP and in ICP reserve, although the 
second patient subsequently died 
from massive brain edema. 


Postoperative Brain Edema 


It was possible to quantitate the 
evolution of postoperative brain ede- 
ma in three patients operated on for 
intracranial aneurysms, four patients 
undergoing limited resection of cere- 
bral gliomas, and one patient in whom 
an intracerebral hematoma had been 
evacuated through a ventricular nee- 
dle (Fig 7 and 8). In the aneurysm 
patients, in whom intracranial mass 
had not been reduced by brain resec- 
tion, it was possible to demonstrate 


deteriorating ICP reserve in the first 
three days after craniotomy, despite a 
baseline ICP that actually fell steadily 
to below normal pressures. In the 
other patients, baseline ICP remained 
low or rose only slightly, but ICP 
reserve transiently deteriorated over 
a three-day period. Although none of 
these patients required reoperation, 
this was thought to indicate progres- 
sive brain edema, developing over 48 
to 72 hours after craniotomy and indi- 
cating a distinctly precarious clinical 
situation. 

By contrast, patients who under- 
went craniotomy and extensive or 
total resection of brain tumors rarely 
showed any deterioration in ICP 
reserve postoperatively (Fig 3), pre- 
sumably because of the considerable 
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Fig 6.—Baseline ICP and ICP reserve tests 
following excision of cerebral arteriove- 
nous malformation with intracerebral he- 
matoma and following reoperation for 
decompression of severe brain edema. 
ICP reserve deteriorated 24 hours before 
rise in baseline ICP developed prior to 
reoperation. ICP reserve improved imme- 
diately after reoperation, then again began 
to deteriorate rapidly. ICP reserve was not 
measured immediately prior to reoperation 
since baseline ICP was elevated above 
safety cutoff for this test. ICP monitoring 
was discontinued at end of day 3 because 
of operating surgeon’s fear of infection. 
Patient remained comatose throughout 
and died on day 5. Open bar indicates 
slope values; black bar, observed ICP 
increase. 


surgical reduction of intracranial 
mass. One of the two exceptions that 
we have so far encountered was a 
patient who underwent subtotal exci- 
sion of a glioblastoma with evacuation 
of a large associated cyst. Within 24 
hours following surgery he developed 
a moderately abnormal ICP reserve 
(“slope” value, 10.0), although this 
returned to normal levels 48 hours 
later. Three weeks thereafter, reoper- 
ation was necessary after repeat 
computed tomographic scanning 
showed a large cystic reaccumulation. 
Following reevacuation and place- 
ment of an Ommaya reservoir into the 
cyst cavity, percutaneous cyst drain- 
age was necessary on three subse- 
quent occasions because of clinical 
deterioration. During one of these 
procedures, we were able to document 
a dramatic change in ICP reserve with 
little change in baseline ICP following 
evacuation of only 7 ml of cyst fluid 
(Table 2). Twenty-four hours later, 
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baseline ICP had returned to normal, 
with further improvement in ICP 
reserve. Forty-eight hours following 
drainage, clinical improvement was 
clearly evident. 

The other exceptional patient devel- 
oped a markedly abnormal ICP 
reserve 24 hours following grossly 
total resection of a frontal oligoden- 
droglioma, despite a low normal base- 
line ICP. Over the next 24 hours he 
remained restless but became grad- 
ually less confused, despite a persis- 
tently abnormal ICP reserve. Central 
venous pressure, arterial blood pres- 
sure, and arterial blood gases re- 
mained normal. After discovery and 
replacement of a partially obstructed 
Foley catheter, 2 liters of urine 
drained, his restlessness ceased, and 
ICP reserve promptly fell to normal, 
remaining so despite a delayed wound 
infection. 


COMMENT 


In summarizing the Second Inter- 
national Conference on ICP monitor- 
ing in 1975, Jennett? singled out as the 
single most important contribution to 
ICP monitoring over the previous two 
years the development of methods of 
measuring intracranial “elastance” or 
“ICP reserve." He pointed out that 
only by quantitating this additional 
factor is it possible to determine when 
a “normal” ICP is in fact a “safe” 
ICP. 

The first extensively tested mea- 
surement of cerebral “elastance” in 
clinical practice was described by Mill- 
er and his associates.'"'* Miller stud- 
ies were performed with intraventri- 
cular injection of a 1-ml aliquot of 
artificial CSF, with resulting pressure 
rise measured within the first 20 to 30 
seconds following injection. A rise in 
ICP more than 5 mm Hg greater than 
the baseline ICP was believed to be 
abnormal. Miller pointed out that the 
reliability of his test is considerably 
impaired in the presence of ventricu- 
lomegaly,"'' and Brock" suggested 
that such testing should be unreliable 
in situations of impaired CSF absorp- 
tion. Both Bowens (oral communica- 
tion, 1976) and Crockard et al'* have 
observed that intraventricular injec- 
tions into an obstructed ventricle can 
result in dramatic and unexpected 


rises in intracranial pressure, at times 
accompanied by severe clinical deteri- 
oration of the patient. Using two 
ventricular catheters, Crockard et al'* 
were able to demonstrate the genera- 


tion of significant and long-standing 


gradients between two portions of a 
single lateral ventricle obstructed in 
its mid-portion by presumably firm 
tumor tissue. 

Becker et al’ have modified Miller's 
test to employ it with the "Riehmond 
screw” ICP monitor" which they 
developed. This device, which is now 
in widespread clinieal use, measures 
ICP subdurally by acting as a fluid 
coupler to an external electronic 
transducer. Becker et al’ injected 
saline in volumes ranging between 1 
and 5 ml through their monitor into 
the subdural space and observed a 
semiquantitative immediate pressure- 
volume response that they thought 
correlated with the state of the brain's 
reserve ability to adapt to further 
changes in intracranial volume. They 
observed that sequential volume injec- 
tions could trigger plateau waves of 
increased ICP and advised that pres- 
sure-volume testing should always 
begin with smaller test volumes. 

Our own studies in experimental 
animals? showed that a test based on a 
modifieation of Miller's single-injec- 
tion technique, similar to that em- 
ployed by Becker et al? exhibited 
considerable internal variability. Be- 
cause of the brief time interval 
employed and because of the relative- 
ly slight increase in ICP that the test 
induces, often against a background 
of considerable pulse pressure and 
fluctuation in baseline ICP, this rapid 
test proved unreliable in clinical and 
laboratory application. This observa- 
tion is especially troublesome since 
Becker et al* noted an increase in 
baseline ICP fluctuations in patients 
with impaired ICP reserve. Thus, this 
test would be maximally unreliable in 
those patients in whom it would be 
most likely to be abnormal. 

An alternative approach to measur- 
ing "cerebral elastance" or "ICP 
reserve" employs controlled respira- 
tion of the patient using either hyper- 
earbia or hyperventilation,'*^" even 
though a series of animal and clinical 
studies suggest that alterations in 
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Fig 7.—Baseline ICP and ICP reserve tests following repair of 
intracranial aneurysm. ICP reserve deteriorated transiently 
despite fall in baseline ICP, most likely signifying transient 
cerebral edema. Patient remained alert and neurologically intact 
throughout. Open bar indicates slope values; black bar, induced 
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Fig 8.—Baseline ICP and ICP reserve tests following evacuation of 
traumatic intracerebral hematoma two weeks following trauma. 
ICP reserve deteriorated transiently despite fall in baseline ICP, 
most likely signifying transient evolution of brain edema despite 
hematoma evacuation. Patient's drowsiness and mild confusion 
cleared within first five days postoperatively. Improvement in 
hemiplegia began ten days postoperatively and progressed to full 
recovery six weeks later. Repeated CT scan one week postoper- 
atively showed persistent focal brain swelling, but removal of 
radiodense hematoma. Patient did not receive corticosteroid 
therapy since he was receiving drug therapy for tuberculosis. 
Open bar indicates slope values; black bar, observed ICP 


ICP increase. 





Immediately after drainage 
24 hours after drainage 





Pco, have a significant effect on base- 
line ICP but little independent effect 
on the volume-pressure response.'*?!:? 
This test has been shown to be depen- 
dent on full retention of normal vaso- 
motor reactivity, which is often lost in 
damaged brains, even in pa- 
tients who remain conscious. In so- 
called type 2 patients with marginal 
intracranial vasomotor reactivity,” 
CO, inhalation may on occasion trig- 
ger ICP plateau waves and may result 
in a prolonged rise in ICP, a prolonga- 
tion that might theoretically be dan- 
gerous to the patient.” 

Apuzzo et al have shown positive 
end expiratory pressure respiration to 
cause an increase in baseline ICP in 
patients with severe head trauma only 
if cerebral “elastance” was increased, 
as measured using Miller's tech- 
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Table 2.—Response of Baseline ICP and ICP Reserve to Cyst Drainage 


Baseline ICP, mm Hg 


Immediately before drainage 18.5 25.2 


increase. 


ICP Reserve 
"Slope," mm Hg 






17.5 3.9 
8.0 2.0 






nique." This phenomenon was inde- 
pendent of central venous pressure, 
arterial blood pressure, or blood gas 
levels. Our patient who demonstrated 
a significant deterioration of ICP 
reserve secondary to urinary reten- 
tion might have been affected by a 
similar mechanism, perhaps reflecting 
a combination of epidural venous 
congestion (although central venous 
pressures remained normal) and a 
partial Valsalva maneuver secondary 
to his restlessness. 

Magnaes^ has demonstrated a 
method of detecting abnormal intra- 
cranial "compliance" during monitor- 
ing of ICP either by lumbar puncture 
or by ventricular catheter. He de- 
scribes differing pressure responses 
to rapid postural alteration from 
recumbency to sitting, with character- 


istic responses being observed in those 
patients in whom he assumed cerebral 
"compliance" to be pathologically al- 
tered. No attempt was made in his 
study to quantitate this response, 
however, and many patients reacted 
by triggering pressure waves, a phe- 
nomenon that has been shown to be 
potentially detrimental.” 

Szewezykowski and his co-workers? 
have described a method of estimat- 
ing "intracranial decompensation" 
clinically by analyzing the mathemati- 
cal regression plots of serial observa- 
tions of baseline ICP values. Since this 
method requires an on-line computer, 
it is likely to have limited usefulness 
outside of major research centers. 

In our previous studies in animals* 
we described a test designed to quan- 
titate the brain's remaining ability to 
adapt to additional intracranial mass. 
By extending the time period of 
mechanical stressing of the brain to 
five minutes, we believed it was possi- 
ble to test more than simple "elas- 
tance" of the brain. A rapid increase 
in intracranial volume initially causes 
ICP to rise rapidly. As the brain 
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adapts to the increased volume, ICP 
then falls in a roughly exponential 
fashion. The rapid "initial" segment 
of the curve of falling pressure is 
presumed to be determined largely by 
cerebral "compliance" or  "elas- 
tance." The slower "middle" seg- 
ment of the curve is determined at 
least in part by CSF shifts and volume 
changes,” while the greatly prolonged 
"horizontal" segment is determined 
by factors such as atrophy or morpho- 
logie alteration of brain tissue. In 
experimental animals we observed 
that the "initial" and "middle" seg- 
ments of the curve generally persist at 
least 15 minutes following rapid 
balloon inflation. In clinical situations 
involving postoperative or head- 
injured patients, both of these seg- 
ments of the curve are important in 
the first hours or days following 
surgery or injury. Measurements 
simply of cerebral "elastance," re- 
flecting only the initial, rapid plastic 
deformation of the brain, are likely 
not to reflect adequately the brain's 
overall response capability. In a com- 
parison series in dogs during which 
10,000 measurements were made with 
five different methods of measuring 
"eerebral elastance" or "ICP" re- 
serve," the sequential method we 
described seemed most reliable in 
reflecting both increasing intracrani- 
al mass and brain edema. We made no 
attempt to analyze and compartmen- 
talize the various factors operational 
in the brain's compensatory reaction 
during this period, but sought merely 
to quantitate a test that might have 
clinieal usefulness. 

Since it is mandatory that clinical 
testing in human patients must be 
useful to the patient and must carry 
minimal risk, we have incorporated 
strong safety features into our test. If 
at any point during the test an injec- 
tion of 1 ml of fluid causes a rise in 
ICP that remains greater than 5 mm 
Hg above baseline after 60 seconds, 
the test is discontinued at that point. 
On the basis of the number of injec- 
tions made to reach this level of 
sustained ICP increase, a "slope" 
value of cerebral reactivity is calcu- 
lated by simple linear extrapolation to 
what increase might have been ob- 
served following a normal full test of 
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five injections. Patients with normal 
baseline ICP values and intact brains 
are able to tolerate five injections of 1 
ml of fluid subdurally over a five- 
minute period with from 0 to 5 mm Hg 
rise in ICP. If baseline ICP remains 
spontaneously elevated over 30 mm 
Hg, it can be assumed that intracrani- 
al reserve mechanisms are already 
compromised and so this test is nof 
performed. This also provides an addi- 
tional safety factor since it helps to 
avoid inducing significant rises in ICP 
or triggering plateau waves. In our 
clinical series no plateau waves were 
observed and no patient experienced 
an untoward reaction or neurologic 
deterioration during or immediately 
following performance of ICP reserve 
testing. In fact, conscious patients 
were rarely aware subjectively that 
the test was being performed since 
they experienced no headache or other 
detectable intracranial sensation. 


The ICP monitoring cup catheters used in this 
study were supplied by the Cordis Corp, Miami. 
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Herpes Simplex Virus Subunit Antibodies 
in Patients With Parkinson’s Disease 


Reijo J. Marttila, MD; Kirsti O. K. Kalimo, MD; Barry R. Ziola, PhD; 


Pekka E. Halonen, MD; Urpo K. Rinne, MD 


è Serum IgG antibodies against herpes 
simplex virus (HSV) type 1 capsid, enve- 
lope, and excreted antigens in 52 patients 
with idiopathic Parkinson’s disease, and 
in their age- and sex-matched controls, 
were assayed with a solid-phase radioim- 
munoassay. When compared with the 
controls, patients with Parkinson’s dis- 
ease were found to have a substantially 
increased antibody response against 
each of the HSV subunit antigens tested. 
The increased antibody response in 
patients with Parkinson's disease was not 
associated with the occurrence of recur- 
rent HSV infections, since the difference 
in antibody levels was most evident when 
comparing patients without recurrent HSV 
infections with their respective control 
group. Consequently, the increased HSV 
antibody response in patients with Parkin- 
son's disease might depend on some 
antigenic stimulation other than ordinary 
recurrent HSV infections, or alternatively, 
on the generally enhanced immunological 
reaction of the patients against HSV. 

(Arch Neurol 35:668-671, 1978) 


diopathic Parkinson's disease, neu- 
ropathologically characterized by 
degeneration of melanin containing 
neurons in substantia nigra and other 
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brain stem nuclei,' has been consid- 
ered to be potentially related to viral 
infections of the CNS.** This sugges- 
tion is based mainly on the relation- 
ship between the lethargic encephali- 
tis of the 1920s and the postencepha- 
litie Parkinson's disease that is known 
to develop even after a latent period 
of many years.’ 

Virological studies concerning the 
relations of Parkinson's disease and 
viral infections are rare. There are 
two studies of herpes simplex virus 
(HSV) antibodies in patients with 
postencephalitie Parkinson's disease* 
and one study of arbovirus antibod- 
ies." Furthermore, a single study of 
several viral antibodies on patients 
with parkinsonism-dementia disease 
of Guam is available.* Recently, anti- 
genie material related to neurotropic 
influenza virus strain AO was found 
in neurons of the hypothalamus and 
substantia nigra in postencephalitic 
parkinsonian brains using immuno- 
fluorescence technique.* In a serologi- 
cal study of hemagglutination inhibit- 
ing antibodies to several influenza 
virus strains, including the swine 
influenza virus (HswN1), the probable 
agent of influenza pandemic of 1918, 
no differences were found in humoral 
immune response against these anti- 
gens between patients with postence- 
phalitie or idiopathic Parkinson's dis- 
ease and their controls.'^ 


An increased antibody response 
against HSV in patients with idio- 
pathic Parkinson’s disease has been 
found in our two recent studies, one 
comparing several viral antibodies in 
patients with Parkinson’s disease 
with those in healthy matched con- 
tros" and the other comparing 
patients and controls for antibodies 
against HSV-induced cell surface an- 
tigens.'* To study more fully the anti- 
body response to HSV in patients with 
idiopathic Parkinson's disease, we 
have assayed a random sample of 
serums from patients and their age- 
and sex-matched controls using a 
highly sensitive radioimmunoassay 
developed to detect human antibodies 
against HSV capsid, envelope, and 
excreted antigens." 


PATIENTS AND METHODS 


A random sample of 52 patients with 
idiopathic Parkinson’s disease was selected 
from among the 421 patients originally 
found in an epidemiologic study of Parkin- 
son's disease in Finland." During the 
epidemiologic study, each patient was 
examined by a neurologist to achieve the 
best possible diagnostic accuracy. The 
diagnostic criteria are described else- 
where." 

The patients’ mean age was 66 years, 
with a range from 52 to 79 years, the mean 
age at onset of the disease was 61.5 years 
(range, 36 to 75 years), and the mean 
duration of the disease was 7.0 years 
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(range, 2 to 27 years). The patients’ disabil- 
ity stages were as follows (according to 
Hoehn and Yahr"): stage 1, two patients; 
stage 2, 28 patients; stage 3, 17 patients; 
stage 4, three patients; and stage 5, two 
patients. Twenty-two patients were 
treated with levodopa at the time of exam- 
ination. 

A sex- and age-matched control person 
was selected for each patient from among 
the general population residing in the same 
area. The search for control subjects was 
performed by analysis of the Finnish 
Health Insurance Register that covers all 
people residing in Finland." No consider- 
able differences were found between the 
52 patients and controls with regard to 
socioeconomic status. Three patients and 
one control person belonged to the highest 
socioeconomic class, 36 patients and 37 
controls to the middle class, and 13 patients 
and 14 controls to the lowest class. The 
median number of earlier hospitalizations 
was three in the patient and the control 
groups. The reported history of certain 
infections was similar in both groups. The 
infections included scarlatina, pertussis, 
diphtheria, rheumatic fever, tuberculosis, 
measles, mumps, varicella, zoster, labial 
herpes, encephalitis, and meningitis. 

The basic solid-phase polystyrene ball 
radioimmunoassay (RIA) technique in vi- 
ral antibody detection has been described 
previously in detail'^'* The procedures 
used to produce HSV type 1 capsid, enve- 
lope, and excreted antigens, and the RIA 
used to detect human IgM and IgG anti- 
bodies against the HSV subunit antigens, 
have been reported.” Only IgG antibodies 
were assayed in this study. Briefly, serial 
fourfold serum dilutions in disposable plas- 
tic tubes were incubated with viral antigen 
coated polystyrene balls at 3 °C for one 
hour. The balls were then washed with tap 
water and an aliquot of swine antihuman 
IgG, labeled with iodine 125, containing 
30,000 counts per minute, was added to 
each tube. After an incubation of one hour 
at 3 °C, the balls were washed again and 
transferred to new tubes for counting. 
Bound radioactivity was determined with a 
gamma counter. 

For each specimen, a counts-per-minute 
(log,,) vs dilution (log.) curve was drawn. 
The serum endpoint titer was obtained by 
interpolation and was taken to be the 
dilution factor at which the serum dilution 
curve intersected a line equal to three 
times the dilution curve of the negative 
sample included in each test. Titers were 
expressed as log, values. For practical 
reasons, the assay of all serum specimens 
was not possible on the same day; subse- 
quent series were standardized relative to 
the same known positive control serum 
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that was included in each test. The coeffi- 
cient of variation in this assay was 0.035 
for envelope antigen, 0.048 for capsid anti- 
gen, and 0.062 for excreted antigen. The 
respective patient and control serums were 
always assayed in the same test. 

A comparison of the distribution of anti- 
body titers within groups was done by the 
2xk contingency table modification of the 
x’ test (groups with less than five observa- 
tions were combined with the nearest 
group). Mean titer values were compared 
with the two-tailed Student's t test. The 
paired t test was used to test mean paired 
differences. The relationship between two 
variables was tested by a linear correlation 
analysis. 


RESULTS 


All serums examined had antibodies 
against each of the HSV subunit anti- 
gens. When the distribution of anti- 
body titers in patients with Parkin- 
son's disease and in their controls 
were compared (Table 1), the two 
groups differed substantially from 


each other. For antibodies against 
each of the HSV subunit antigens, the 
patient group was found to have high- 
er titers more often than the control 
group. Conversely, the controls had 
lower titers more often than the 
patients. The respective P values were 
less than .005 for antibodies to the 
HSV envelope and excreted antigens, 
and less than .001 for the HSV capsid 
antibodies. 

The mean serum antibody titers to 
capsid, envelope, and excreted anti- 
gens of patients with Parkinson’s 
disease (Table 2) were substantially 
higher than those of the controls 
(P < .001). Furthermore, the patients’ 
antibody titers against each HSV 
subunit antigen were found to be 
higher than the controls’ titers when 
analyzed by the paired t test, P < .001 
for all antibodies (Table 2). 

Twenty-one patients and 18 con- 
trols reported having recurrent orofa- 


Table 1.—Distribution of Herpes Simplex Virus Antibodies in Serums From 
52 Patients With Idiopathic Parkinson's Disease and From Matched Controls 


Capsid antigen 
Patients 
Controls 


Envelope antigen 
Patients 


Controls 


Excreted antigen 
Patients 


Controls 


Titer, log. 





*Integral values indicated include range of titers from +0.0 to +0.9 log. units. 


TNumber of serums with indicated titer. 
tx’, 14.00; df, 2; P < .001. 
$x 15.21; df, 3; P < .005. 
|lx*, 12.62; df, 2; P < .005. 


Table 2.—Mean Serum Herpes Simplex Virus Antibody Titers in 52 Patients 
With Idiopathic Parkinson's Disease and in Controls 


Mean Titer 
+ SE, log. 
Capsid antigen 


Patients 15.06 + 0.12 


Controls 14.19 + 0.15 


Envelope antigen 
Patients 


Controls 


Excreted antigen 
Patients 


Controls 


12.77 + 0.14 
11.97 + 0.16 





Paired Mean 
Difference + SE, log. 


Geometric 
Mean Titer 


1:34,130 
1:18,670 


1:105,600 
1:54,660 


*t value, 4.44; P < .001, paired t value, 5.57; P < .001. 
Tt value, 4.06; P < .001; paired t value, 6.14; P < .001. 
it value, 3.87; P — .001, paired t value, 4.98; P — .001. 
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Table 3.—Antibodies Against Herpes Simplex Virus Subunit Antigens According 
to Occurrence of Recurrent Herpes Infections 


Capsid 


Patients 
With recurrences (N = 21)* 
Without recurrences (N = 29) 
All patients (N = 52) 
Controls 
With recurrences (N = 18) 
Without recurrences (N = 34) 
All controls (N = 52) 


*Not known in two cases. 


14.93 + 0.24 
15.14 + 0.147 
15.06 + 0.127 


14.38 + 0.24 
14.09 + 0.20 
14.19 + 0.15 


Mean Titer = SE, log. 


Envelope Excreted 


16.80 + 0.28 
16.59 + 0.171 
16.69 + 0.157 


12.59 + 0.21 
12.85 + 0.187 
12.77 + 0.147 


16.06 + 0.26 
15.57 + 0.24 
15.74 + 0.18 


12.23 + 0.19 
11.83 + 0.21 
11.97 + 0.16 





{Difference between patients and controls, P < .001. 
{Difference between patients and controls, P < .005. 


cial HSV infections. The frequencies 
did not differ significantly (P > .05). 
To determine whether the occurrence 
of HSV recurrences might influence 
HSV antibody levels, a comparison 
was made of the mean antibody titer 
to each antigen in persons with and 
without recurrences both in the 
patient and in the control group 
(Table 3). These four groups were 
comparable in sex and age, but both 
the patients and the controls be- 
longing to the lowest socioeconomic 
class reported recurrences less fre- 
quently. Controls with recurrent HSV 
infections had a tendency to have 
higher mean antibody titers against 
HSV antigens when compared with 
controls without recurrences. On the 
other hand, patients with Parkinson's 
disease had the same mean antibody 
titers against each subunit antigen 
regardless of the occurrence of HSV 
recurrences. As a consequence, the 
difference between patients and con- 
trols with recurrent HSV infections 
decreased and was not considerable. 
The difference between mean anti- 
body titers of patients and controls 
without recurrences, however, re- 
mained approximately twofold and 
substantial. 

The patients' age, age at onset of 
the disease, duration of the disease, or 
disability stage did not correlate 
substantially with the antibody titers 
against any of the HSV subunit anti- 
gens. 


COMMENT 


This investigation was prompted by 
our earlier observations of an in- 
creased complement-fixing HSV anti- 
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body level” and an increased antibody 
level against HSV induced cell surface 
antigens in patients with Parkinson's 
disease." Such HSV-induced cell sur- 
face antigens have been found to be 
analogous to HSV envelope compo- 
nents.'*?? The present data, which was 
obtained by a solid-phase RIA, is in 
accordance with our previous findings 
and shows that patients with Parkin- 
son's disease have an increased anti- 
body response to HSV. Furthermore, 
the increased antibody response seen 
in patients with Parkinson's disease is 
approximately the same for each of 
the HSV antigens tested. 

The solid-phase polystyrene ball 
RIA detection of viral antibodies has 
proved to be a highly sensitive and 
specific tool in serological studies of 
rubella,^ measles,” and HSV" infec- 
tions. The application of this RIA 
methodology to the demonstration of 
antibodies against the capsid and 
envelope components of HSV as well 
as antibodies to antigens excreted 
from HSV-infected cells, has broad- 
ened the scope of serological studies of 
HSV infections." 

Only antibodies against HSV type 1 
antigens were assayed in the present 
study, since both capsid and envelope 
components of HSV types 1 and 2 
share common antigens, making di- 
rect serological typing by this solid- 
phase RIA impossible.? The HSV- 
excreted antigen has shown some 
type-specificity in the primary anti- 
body response,^ but in recurrent 
infections,  heterotypic reactivity 
seems to increase (K. O. K. Kalimo, 
MD, unpublished results, March 1977). 
Thus, the final usefulness of antibod- 
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ies against excreted antigen in sero- 
logical typing of HSV infections is not 
fully known. As expected, however, 
preliminary results with the indirect 
hemagglutination test have shown 
that the HSV antibody response in 
patients with Parkinson's disease is 
predominantly directed against HSV 
type 1 (R. J. Marttila, MD, D. L. 
Madden, PhD, J. L. Sever, PhD, et al, 
unpublished data, June 1977). 

The antibody level to HSV was 
considered earlier to remain largely 
unaltered in spite of recurrent HSV 
infections." Solid-phase RIA studies 
of HSV antibodies, however, suggest 
that frequent recurrences can in- 
crease the antibody response against 
envelope and excreted antigens 
whereas the level of capsid antibodies 
remains relatively stable." Conse- 
quently, the tendency for an increased 
antibody ^ response, particularly 
against HSV envelope and excreted 
antigens, to be seen in the control 
group reporting recurrent infections 
was expected. The antibody response 
to HSV antigens in patients with 
Parkinson's disease interestingly did 
not show such a phenomenon; the 
mean titers were unchanged regard- 
less of the occurrence of recurrent 
HSV infections. Accordingly, it seems 
probable that the increased HSV anti- 
body response seen in patients with 
Parkinson's disease does not depend 
merely on the occurrence of an ordina- 
ry HSV infection. Then, two possibili- 
ties remain: the increase in HSV anti- 
bodies results from some other anti- 
genie stimulation, or alternatively, 
results from the enhanced immuno- 
logical reaction of the patient with 
Parkinson's disease against HSV or 
possibly also against other virus anti- 
gens. Our previous report, however, 
demonstrates that there is no general- 
ly increased humoral antibody re- 
sponse against different viral anti- 
gens, but the increased response is 
directed solely against HSV." 

Whether the increased HSV anti- 
body response is related to the etio- 
pathogenesis of Parkinson's disease is 
unknown at present. In this regard, 
however, several observations must be 
borne in mind. The first, is that HSV 
has the unusual property of residing 
in a latent form in the body, especially 
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in nervous tissue." Contemporary 
findings clearly indicate the trigemi- 
nal ganglion as the main site of latent 
HSV type 1 infections,^^' and the 
sacral sensory ganglia as the site of 
latent HSV type 2 infections. More- 
over, animal experiments sugggest 
that HSV may reside in a latent form 
even inside the CNS, ie, in the brain 
stem.^^ A second consideration is the 
evidence obtained from experimental 
animals that shows that HSV enceph- 
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alitis has an effect on brain dopamine 


metabolism,"?* suggesting that the 
HSV infection has some affinity for 
dopaminergic neurons. The final as- 
pect that deserves careful considera- 
tion is that recent findings have 
shown some dependence of the anti- 
body response against viral antigens 
on the occurrence of certain histocom- 
patibility antigens (HLA).** Concur- 
rently, it must be remembered that 
infectious or autoimmune  mecha- 
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Adult Onset of the Dandy-Walker Syndrome 


Howard L. Lipton, MD; Thomas J. Preziosi, MD; Howard Moses, MD 


€ Two patients with the Dandy-Walker 
malformation first developed neurologic 
symptoms in adult life. In both patients 
there was normal motor and intellectual 
development during childhood, but as 
adults they had gradual evolution of brain 
stem and cerebellar signs and obstructive 
hydrocephalus. Following resection of the 
fourth ventricular cyst, both patients 
recovered. A review of the literature 
disclosed seven additional patients in 
whom the Dandy-Walker syndrome was 
first diagnosed in adult life. These cases 
illustrate that this congenital brain malfor- 
mation may not only first become sympto- 
matic later in life, but that it is possible for 
patients to remain asymptomatic. 

(Arch Neurol 35:672-674, 1978) 


s usually defined, the Dandy- 
Walker (DW) malformation con- 

sists of the following triad of neuro- 
pathologic abnormalities: cystic dila- 
tion of the fourth ventricle, partial or 
complete absence of the cerebellar 
vermis, and hydrocephalus. On the 
basis of an extensive series of patho- 
logically studied cases, it appears that 
hydrocephalus need not be a prerequi- 
site for diagnosis of this syndrome.' 
In addition, a number of other central 
nervous system and somatic anoma- 
lies are not uncommonly associated 
with this syndrome. As with most 
congenital brain malformations, the 
DW syndrome usually becomes mani- 
fest at birth or in early childhood; 
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however, an occasional patient may 
first become symptomatic from this 
developmental anomaly in adult life. 

Two patients who first developed 
clinical symptoms from the DW syn- 
drome in adult life are the subject of 
this report. They both manifested 
gradual evolution of brain stem and 
cerebellar signs and obstructive hy- 
drocephalus. A review of the litera- 
ture has disclosed at least seven addi- 
tional cases. 


REPORT OF CASES 


Case 1.—A 34-year-old woman began 
having severe headaches in December 1969. 
She was treated symptomatically, and 
although the headaches persisted, she was 
able to continue working. In may 1970, she 
suddenly became nauseated and while 
vomiting developed diplopia, numbness of 
the right side of her body, and unsteadi- 
ness. The vomiting continued for several 
days; as it resolved, the symptoms other 
than diplopia also subsided. The diplopia 
was intermittent, did not result in much 
separation of images, and did not vary 
with direction of gaze. Medical and family 
history were unremarkable except for 
hypertension during one of four pregnan- 
cies. 

Except for obesity, findings on general 
physical examination were normal. Blood 
pressure was 110/78 mm Hg; pulse, 80 
beats per minute; respirations, 20/min; and 
temperature, 37 °C. The mental status was 
normal. There were bilateral papilledema, 
a horizontal jerk nystagmus on lateral gaze 
with the fast component changing with 
fixation, incoordination of all extremities 
and a wide-based ataxic gait, hypalgesia of 
the right extremities, and right hyperre- 
flexia. Results of routine laboratory tests 
were normal. Roentgenograms showed 
spina bifida of C-7 and T-1 vertebrae. Skull 
roentgenograms showed enlargement and 


thinning of the sella turcica, asymmetry of 
the petrous ridges, thinning of the calvaria 
superior to the torcula herophili, and thick- 
ening of the left occipital bone. In addition, 
there was a circular calcification above the 
right anterior clinoid process. Four-vessel 
angiography showed evidence of hydro- 
cephalus, an abnormally high position of 
the straight sinus, and a number of arterial 
abnormalities, including extreme redun- 
dancy and areas of aneurysmal dilation of 
both internal carotid arteries and calcifica- 
tion in an ectatic loop of the supraclinoid 
portion of the right internal carotid artery. 
The left vertebral artery failed to fill from 
the left brachial injection; therefore, the 
basilar artery was not visualized. Both 
posterior cerebral arteries filled from the 
carotid system through the posterior com- 
municating arteries. Pneumoencephalog- 
raphy demonstrated air filling the basilar 
cistern, which communicated with a large 
subarachnoid cyst beneath the tentorium 
cerebelli, but air did not appear to enter the 
fourth ventricle. The CSF pressure was 
normal; no cells were seen, protein and 
glucose concentrations were normal, and 
cultures were negative. 

Occipital craniotomy and C-1 laminecto- 
my showed a large cyst that opened into 
the fourth ventricle and bridged the gap 
between  normal-appearing cerebellar 
hemispheres. The cerebellar vermis was 
absent. The wall of this cyst was thickened 
and opacified, and choroid plexus was 
attached to its inner surface. A portion of 
the cyst was removed, allowing free 
communication between the ventricular 
system and the subarachnoid space as 
judged by injection of indigo carmine dye 
into the right lateral ventricle. Microscopic 
examination of the cyst wall showed only 
fibrous tissue, and a meningeal artery that 
was biopsied was histologically normal. 

The operative site was explored 12 hours 
postoperatively because of sudden onset of 
quadraparesis, and a small extradural 
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collection of CSF was found to be 
compressing the upper cervical cord. This 
was evacuated and the dural closure made 
more nearly watertight. Subsequently the 
patient had an uneventful recovery, and 1% 
years later she only had minor difficulty in 
balance. Findings at that time were normal 
except for horizontal jerk nystagmus on 
left lateral gaze and coarse rotatory 
nystagmus on right lateral and upward 
gaze. The patient was not able to perform 
tandem walking. 

Case 2.—A 49-year-old, right-handed 
woman developed right occipital headaches 
in the summer of 1966. In January 1967, 
vomiting began, especially with changes in 
position, and she noted some dizziness and 
unsteadiness when walking. She had expe- 
rienced gradual loss of hearing in the right 
ear, but episodes of true vertigo were 
denied. Medical and family history were 
negative. On admission to the hospital in 
February 1967, the patient was alert but 
acutely ill. Blood pressure was 164/88 mm 
Hg; pulse, 72 beats per minute; respirations 
and temperature, normal. Findings on 
general physical examination were normal. 
Neurologic examination disclosed only 
truncal and arm drift to the right and an 
unsteady gait on a normal base. Skull 
roentgenograms, EEG, nuclide brain scan, 
and lumbar puncture were normal. Au- 
diometry showed a 60-dB hearing loss in 
the right ear; results of caloric testing were 
normal. Following an exploratory right 
tympanoplasty and stapedectomy, the pa- 
tient’s hearing improved, and the other 
symptoms appeared to remit with reduc- 


tion in what was suspected to be an exces- 
sive intake of diazepam (Valium). 

By June 1967, the right occipital head- 
aches again were severe and posterior 
cervical pain was present. She was experi- 
encing increasing difficulty in maintain- 
ing balance when walking. These symp- 
toms worsened, the neck became stiff, and 
flexion, extension, or turning of the neck 
produced severe throbbing headaches. 
Vomiting, with some episodes described as 
projectile, occurred just prior to admis- 
sion. 

On admission in October 1967, the 
patient was alert but acutely ill. She care- 
fully positioned her head to guard against 
sudden movement. Blood pressure was 
180/90 mm Hg; pulse, 80 beats per minute; 
respirations, 16/min; and temperature, 
37 °C. Movement of her neck produced 
severe pain. She used a wide stance when 
attempting to walk and was unsteady. 
There were bilateral papilledema, slight 
left ptosis, mild left central facial weak- 
ness, dysmetria on finger-to-nose testing, 
and spastic paraparesis with hyperreflexia, 
patellar and ankle clonus, and extensor 
plantar responses. Routine blood tests, 
chest and skull roentgenograms, Stenver’s 
views of both petrous ridges, and brain 
scan were normal. Cervical spine x-ray 
films showed narrowing of the C5-6 inter- 
space, and an EEG revealed diffuse 4 to 
5/sec slow waves. Pneumoencephalography 
showed a small amount of air in the basal 
cisterns, but there was no filling of the 
ventricular system. Ventriculography with 
injection of air followed by iophendylate 


(Pantopaque) demonstrated symmetric di- 
lation of lateral ventricles, but the third 
ventricle, aqueduct, and fourth ventricle 
were not visualized. An occipital craniecto- 
my and C-l laminectomy demonstrated a 
large midline cyst that displaced both cere- 
bellar hemispheres laterally. The cyst arose 
from the fourth ventricle, and what 
appeared to be the flocculonodular lobe of 
the cerebellum had been displaced antero- 
superiorly, obliterating the rostral portion 
of the fourth ventricle. The cerebellar 
vermis could not be identified. The cyst 
was opened widely, and when the cerebel- 
lar structures were retracted there was 
free flow of cerebrospinal fluid from the 
aqueduct. Histologically, the cyst wall 
resembled normal arachnoid without an 
identifiable ependymal lining. 

There were no complications following 


surgery; three months postoperatively, she 


was walking quite well with high heels, 
which she had not been able to do for over a 
year. There was slight elevation of the 
optic disk margins. Eight months later, 
examination gave normal findings. 


COMMENT 


The primary purpose of this report 
is to call attention to a delayed onset 
of symptoms due to the DW syn- 
drome. Both patients satisfied the 
criteria for the DW syndrome by 
having cystic dilation of the fourth 
ventricle, partial or complete absence 
of the cerebellar vermis, and hydro- 
cephalus. While long survival of surgi- 


Onset of Dandy-Walker Syndrome in Adult Life 


Duration Skull 
Age/ of Roent- Hydro- 
Source Sex Clinical Features Symptoms genogram* cephalus; Outcome 
Symptomatic cases 
Sahs? 16/M ICP} after neck exercises, ataxic gait, 2 wk — + Died 5 days after 
epilepsy since age 2 craniectomy 
Walker‘ 20/F ICP, syncope, ataxia of right limbs, large 5 yr + ? Recovered after 
head craniectomy 
Coleman and 17/M ICP after minor head trauma, ataxia of left 1 yr — + Recovered after 
Troland* leg | craniectomy 
Maloney’ 13/F ICP, bilateral 6th nerve palsies, right 3 wk Not + Recovered after 
Babinski's sign, large head given craniectomy 
Lipton et al (cur- 34/F ICP, diplopia, nystagmus, right hypesthesia, 6 mo — * Recovered after 
rent study) ataxia craniectomy 
49/F ICP, right-sided deafness, left-sided ptosis, 18 mo = + Recovered after 
ataxia, bilateral pyramidal tract signs craniectomy 
Asymptomatic cases 
D'Agostino et al’ 23/F Relapsing course typical of multiple sclerosis + + Diec 7 days after 
(confirmed pathologically) craniectomy 
Whitten et al* 21/M Chronic subdural hematoma 5 mo prior to * -— Well after 
diagnosis of DW syndrome craniectomy 
Gardner et al 72M TIAs,1 also pressure sensation in neck and + — No surgery 


occiput 





* + indicates evidence of DW syndrome. 
TLateral and third ventricles. 


tSymptoms and signs of acute increased intracranial pressure (ICP). TIAs indicate transient ischemic attacks. 
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cally treated children with the DW 
syndrome is now common, there are 
few examples of this entity present- 
ing first in adult life. Except for the 
fact that our patients first developed 
neurologic symptoms in the fourth 
and fifth decades of life, their clinical 
presentation was not dissimilar to 
children with the DW syndrome. In 
both patients, motor and intellectual 
development were normal; thus, a 
congenital brain malformation was 
not initially suspected. Both patients 
had a chronic course (six and 18 
months) characterized by brain stem 
and cerebellar dysfunction and even- 
tually increased intracranial pressure 
due to obstructive hydrocephalus. 
Neither patient had a large or abnor- 
mally shaped head, but head size was 
not measured; also, skull roentgeno- 
grams did not show changes typical of 
this syndrome. The diagnosis of the 
DW syndrome was suggested by the 
findings of angiography and/or air 
study and was confirmed during 
craniectomy. Following resection of 
the fourth ventricular cyst, which 
provided surgical communication be- 
tween the ventricular system and 
basilar cisterns, both patients have 
recovered almost completely. 

While there was no evidence of 
other parenchymal CNS anomalies in 
either patient, patient 1 had diffuse 
aneurysmal dilation and redundancy 
of both internal carotid arteries. 
Whether this is a congenital or 
acquired abnormality of the cerebral 
vasculature is unknown,’ as is its rela- 
tionship with the DW syndrome. His- 
topathologie studies of the fourth 
ventricular cyst wall in both patients 
showed fibrous tissue without an 
ependymal lining, but in case 1 frag- 
ments of choroid plexus were identi- 
fied on gross examination. 

A review of the literature disclosed 
seven additional patients in whom the 
DW syndrome was discovered in adult 
life.^* They ranged in age from 13 to 
72 years (Table). It should be empha- 
sized that the only cases considered as 
examples of the adult DW syndrome 
were those in which there was normal 
motor and intellectual development 
and at least cystic dilation of the 
fourth ventricle and dysgenesis of the 
cerebellar vermis. Thus, reported pa- 
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tients were excluded from considera- 
tion if they were mentally retarded or 
had survived after surgical treatment 
of the DW syndrome in childhood. 
There were possibly four other adult 
patients in a recent clinicopathological 
study of 28 cases'; however, the ages 
given may not have reflected the age 
at onset of symptoms (M. N. Hart, 
MD, oral communication, 1977), and 
there was little clinical information. 
Therefore, these cases were not 
included. As illustrated in the Table, 
adults with DW syndrome either 
developed neurologic symptoms as a 
result of this anomaly or remained 
asymptomatic. 

The symptomatic cases had in- 
creased intracranial pressure from 
obstructive hydrocephalus, which in 
two instances appeared to be precipi- 
tated by minor head trauma. Their 
courses ranged from two weeks to five 
years. These patients all had promi- 
nent neurologic symptoms and signs 
due to involvement of the brain stem 
and cerebellum. Two patients had 
large heads. All of the symptomatic 
patients with the DW syndrome 
recovered following surgery except 
for the patient reported by Sahs? who 
underwent an emergency craniotomy 
in the 1930s. The asymptomatic cases 
were fortuitously discovered when 
investigated for another underlying 
neurologic process. Except for the 
patient described by D'Agostino et al,’ 
they did not have enlargement of 
lateral and third ventricles. Their 
patient appeared to have compensated 
hydrocephalus; she had a large head 
(68 cm), an enlarged ventricular 
system, and probably no symptoms of 
increased intracranial pressure. How- 
ever, she was described as being 
uncooperative, her neurologic illness 
was complex, and histopathologic ex- 
amination also showed lesions of 
multiple sclerosis. While only one of 
the symptomatic patients had eleva- 
tion of transverse sinuses and thin- 
ning of occipital bones, all of the 
asymptomatic patients had these 
roentgenographic findings. There- 
fore, skull roentgenograms alone may 
provide a good indication of the 
presence of the DW syndrome. Al- 
though our cases and those in the 
literature antedated the discovery and 


use of the computed tomographic scan 
in clinical medicine, it would seem 
that this would be the most direct test 
for diagnosing this anomaly. 

The precise developmental abnor- 
mality resulting in the DW syndrome 
is still unknown. However, we would 
agree with others'* that it seems 
simplistic to believe that mere failure 
of opening of the outlet foramina of 
the fourth ventricle could give rise to 
this complex brain malformation. The 
theory first expressed by Benda” and 
demonstrated in an animal model of 
hydrocephalus by Brodal and co-work- 
ers'! of maldevelopment of the anteri- 
or region of the fourth ventricular 
roof (posterior medullary velum or 
anterior membraneous area) seems to 
be the most acceptable explanation of 
the pathogenesis of this syndrome at 
present. This has been extensively 
discussed in recent articles.'* While 
our material does not provide further 
insight into the pathogenesis of this 
syndrome, it does demonstrate that 
there is a more diverse spectrum of 
clinical involvement than formerly 
appreciated. 
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Familial Incidence 


of Ruptured Intracranial Aneurysms 


Report of 12 Cases 


Gaston J. Acosta-Rua, MD 


€ Twelve cases of ruptured intracranial 
aneurysms occurring in six families are 
reported in an attempt to support the 
hereditary disease concept. Further ge- 
netic and epidemiological studies of 
aneurysm patients are necessary to con- 
firm this hypothesis. 

(Arch Neurol 35:675-677, 1978) 


he familial occurrence of ruptured 
intracranial aneurysms, although 
rare, has been well documented in the 
literature. It has been suggested 
that multiple aneurysms are more 
likely to be familial than are single 
aneurysms.'^ Although the pathogene- 
sis of intracranial aneurysms remains 
obscure, the reported cases suggest 
that genetic factors may play a role. 
This is a report of 12 cases of 
ruptured intracranial aneurysms oc- 
curring in six different families 
(Table). The aneurysms were in the 
same location in three families. In five 
of the families, the aneurysms were 
located on the ipsilateral hemisphere. 
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Three of the families reported the 
sudden death of several young sib- 
lings from a "stroke." This suggests 
that these children may have had 
ruptured aneurysms and lends sup- 
port to the concept of a hereditary 
relationship and the theory that the 
familial incidence of intracranial 
aneurysms may be greater than 
previous reports have indicated. 


REPORT OF CASES 


Case 1.—A 62-year-old, right-handed, 
normotensive woman had the abrupt onset 
of severe generalized headache that radi- 
ated into the neck and lower back. A 
similar episode had occurred three weeks 
earlier. The neurological examination was 
without note except for neck rigidity. 
Lumbar puncture disclosed a pressure of 
300 mm of bloody cerebrospinal fluid. 
Complete cerebral angiography showed a 
6 x 5-mm saccular aneurysm at the right 
internal carotid-posterior communicating 
artery junction. On April 5, 1974, the aneu- 
rysm was clipped. The patient's postopera- 
tive course was uneventful and she 
remained neurologically intact. 

Case 2.—On Jan 4, 1963, a 29-year-old, 
right-handed woman, the daughter of 
patient 1, had sudden onset of headache 
with vomiting while taking a shower. 
Neurological examination disclosed only 
neck stiffness. Lumbar puncture showed a 
grossly bloody fluid with an initial pressure 
of 380 mm. 

The following day, the patient was alert 


but slightly confused. Bilateral carotid 
angiograms showed bilateral aneurysms at 
the junctions of the internal carotids with 
the posterior communicating arteries. Soon 
after angiography, the patient had another 
hemorrhage and developed a right hemi- 
plegia and aphasia. She was treated conser- 
vatively and gradually improved. 

On her last examination in December 
1974, the patient was ambulatory, with a 
spastic right hemiparesis and expressive 
dysphasia. 

Case 3.—A 54-year-old, right-handed 
woman developed sudden headache, diplo- 
pia, and left ptosis. She had a long history 
of intermittent headaches localized to the 
left side. 

Examination disclosed a stiff neck and a 
left third-nerve paralysis. Lumbar punc- 
ture showed grossly bloody fluid with an 
opening pressure of 200 mm. 

Complete cerebral angiography demon- 
strated a 3 X 5-mm aneurysm arising at 
the junction of the left internal carotid and 
the posterior communicating arteries. On 
May 21, 1974, the aneurysm was clipped. 
The postoperative course was uneventful, 
and on her last visit in December 1975, the 
patient was doing well; there was complete 
return of function of the left third nerve. 

Case 4.—The following is an abstract of 
an autopsy report obtained from the Veter- 
ans Administration Hospital in Perry 
Point, Md. 

A 39-year-old, hypertensive, and coma- 
tose man, the brother of patient 3, was 
admitted to the hospital on Oct 7, 1965. The 
coma had been immediately preceded by 
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Summary of Cases, Showing Familial Relationship of Ruptured Intracranial 
Aneurysms 


Patient 
/Age yr Relation 


Mother 


Daughter 


Site of Aneurysm 
Right internal carotid-posterior 
communicating 
Right and left internal carotid 


Confirmation of Aneurysm 
Angiography and surgery 


Angiography 


posterior communicating 


3/54 Sister 


4/39 Brother 
5/43 Brother 
6/56 Sister 
7/38 Sister 
8/55 Sister 
9/62 Sister 
10/51 Brother 


Left internal carotid-posterior 
communicating 

Left posterior cerebral 

Right middle cerebral 

Right middle cerebral Angiography and surgery 
Left middie cerebral 
Left middle cerebral 
Right middle cerebral 
Right internal carotid- 


Angiography and surgery 


Autopsy 
Angiography and surgery 


Angiography and surgery 
Autopsy 
Autopsy 
Angiography and surgery 


posterior communicating 


Brother 


Anterior communicating and 


Angiography and autopsy 


left middle cerebral 


Sister 
artery 


vomiting and right-sided weakness. Soon 
after admission, the patient died. 

The postmortem report describes a 1.5- 
cm ruptured aneurysm of the left posterior 
cerebral artery, with clotted blood in the 
fourth ventricle and bloody fluid in the 
third ventricle. 

Case 5.—A 43-year-old, hypertensive 
man developed a severe headache, nausea, 
and vomiting following a generalized 
seizure during a speech. 

Examination disclosed a blood pressure 
of 200/108 mm Hg and neck stiffness. 
Lumbar puncture showed grossly bloody 
cerebrospinal fluid with an opening pres- 
sure of 300 mm. Complete cerebral angiog- 
raphy demonstrated an aneurysm at the 
main branching of the right middle cere- 
bral artery. The day after angiography, the 
patient developed a severe headache and 
left hemiparesis. 

On Nov 8, 1973, the aneurysm was 
clipped. The following morning, the pa- 
tient was awake, talking, and following 
simple commands. He had a left hemipare- 
sis with left central facial weakness. Later 
the same day, he developed a dilated right 
pupil. A right carotid angiogram showed 
evidence of vascular spasm. The aneurysm 
was well clipped and there was no evidence 
of subdural hematoma. The patient's condi- 
tion progressively deteriorated and he died 
on Nov 19, 1973. 

CASE 6.— A 56-year-old woman, the sister 
of patient 5, gave a history of sudden onset 
of right retro-orbital pain. Findings on 
neurological examination were normal ex- 
cept for a stiff neck. Lumbar puncture 
showed grossly bloody spinal fluid with a 
pressure of 200 mm. Complete cerebral 
angiography disclosed the presence of a 
right middle cerebral artery aneurysm at 
the main branching. 
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Right middle cerebral 


Angiography 





The day following angiography, the 
patient developed a left hemiparesis. On 
Jan 22, 1974, the aneurysm was clipped. 
Her postoperative course was uneventful 
and the hemiparesis cleared. 

At the time of the examination, on Nov 
ll, 1975, the patient was neurologically 
intact. 

Case 7.— A 38-year-old woman developed 
a severe generalized headache, followed by 
speech difficulties and weakness of the 
right arm. 

On neurological examination, she had a 
stiff neck, an expressive dysphasia, and a 
right hemiparesis. Lumbar puncture 
showed evidence of a subarachnoid hemor- 
rhage. Left carotid angiograms showed a 
5-mm aneurysm arising from the left 
middle cerebral artery at its bifurcation. 

The aneurysm was clipped on March 10, 
1953. After operation, the right hemipare- 
sis and dysphasia gradually improved. 

On her last visit, on Dee 18, 1974, there 
was still a mild hemiparesis, but the 
dysphasia had completely cleared. 

Case 8.—A 55-year-old woman, the sister 
of patient 7, was found comatose on her 
kitehen floor. She had a history of high 
blood pressure. The pupils were dilated and 
fixed and she died soon after hospital 
admission on Aug 9, 1974. 

Autopsy showed a ruptured aneurysm of 
the left middle cerebral artery that 
measured 0.8 cm in diameter. 

Case 9.—A 62-year-old, right-handed 
woman complained on Dec 4, 1975, of a 
sudden right retro-orbital pain that be- 
came generalized. She developed neck 
stiffness and weakness of the left arm. 
Lumbar puncture demonstrated pressure 
of 340 mm of grossly bloody fluid. The 
patient was treated with bed rest, cortico- 
steroids, antihypertensive medication, and 


aminocaproie acid. The following day, she 


became comatose and died. 


The pertinent portion of the autopsy 
report is as follows: "The undersurface of 
the brain still shows remnants of consider- 
able subarachnoid hemorrhage which is 
diffuse. The Circle of Willis reveals a 
normal configuration and close examina- 
tion after perfusion with water reveals an 
aneurysm in the right middle cerebral 
artery approximately 19 mm. from its 
takeoff. The aneurysm is 1.6 em. in its 
greatest diameter and reveals an irregular, 
somewhat nodular outline. The measure- 
ment is taken in its inflated, perfused 
state. A small area of rupture no more than 
1 mm. in diameter is noted. Close examina- 
tion of each of the vessels fails to reveal 
any additional aneurysms." 

Case 10.—A 51-year-old man, the brother 
of patient 9, was admitted to a Marietta, 
Ga, hospital on Jan 29, 1967, complaining of 
headache and confusion. He had had a 
grand mal seizure on the night before 
admission. Lumbar puncture disclosed an 
opening pressure of 290 mm of grossly 
bloody cerebrospinal fluid. Arteriograms 
showed an aneurysm of the internal caro- 
tid artery at the junction of the posterior 
communicating artery on the right. The 
aneurysm was clipped and the patient 
made an uneventful recovery, remaining 
neurologically intact. 

Case 11.— The following is an abstract of 
an autopsy report obtained from Richmond 
(Va) Memorial Hospital. 

The patient was a 39-year-old man who 
experienced sudden severe headache on 
Feb 11, 1967. Lumbar puncture disclosed 
grossly bloody spinal fluid. Arteriograms 
showed a large aneurysm of the anterior 
communicating artery and another aneu- 
rysm on the left middle cerebral artery. 
The anterior communicating artery aneu- 
rysm was clipped. Three days after the 
operation, the patient became lethargic, 
progressively less responsive, and died. 

The autopsy report states: "The Circle of 
Willis was dissected and revealed an aneu- 
rysm which was clipped and appeared to 
arise from the bifurcation of the anterior 
communicating and the anterior cerebral 
arteries. On the left middle cerebral, there 
is an aneurysm at the bifurcation which 
appears to be approximately 4 cm. from its 
origin." 

Case 12.—A 44-year-old, right-handed 
woman with a history of confusion and 
severe headache was examined on Dec 14, 
1968. She was the sister of patient 11. A 
spinal puncture showed evidence of sub- 
arachnoid hemorrhage. Bilateral carotid 
arteriograms were interpreted as nega- 


tive. 


During her hospitalization, the patient 
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developed a mild weakness of the left arm. 
Three weeks later, a right carotid angio- 
gram showed evidence of an aneurysm at 
the trifurcation of the right middle cere- 
bral artery. The patient deferred opera- 
tion. She has remained well. 


COMMENT 


Intracranial aneurysms are not un- 
commonly associated with congenital 
malformations and other disorders, 
such as polycystic kidneys," arteriove- 
nous malformation," coarctation 
of the aorta, Ehlers-Danlos syn- 
drome,’ fibromuscular hyperplasia 
of arteries,^'" and possibly other 
connective tissue diseases." Wyllie et 
al" thought there was a histologic 
similarity between intracranial aneu- 
rysms and fibromuscular hyperplasia. 
The significance of this association, 
however, is not clear. The aneurysms 
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in our series were in the same location 
in members of three families (cases 1 
and 2, 5 and 6, and 7 and 8). In the 
other three families, the aneurysms 
were on the ipsilateral side but on 
different arteries in two, and on the 
opposite sides but on the same artery 
in one. If all the aneurysms had been 
congruous, a genetic relationship 
might be more likely. This would be of 
greater significance if they had 
occurred in twins; congruent aneu- 
rysms in twins have been re- 
ported.'*'*^" Perhaps a greater num- 
ber of familial intracranial aneurysms 
may be diagnosed if there is an 
increased awareness and interest in 
the family history of patients with 
subarachnoid hemorrhage. McCus- 
sick? catalogs intracranial berry 
aneurysms among autosomal domi- 
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nant phenotypes. Further genetic and 
epidemiological studies are necessary 
in order to strengthen the concept 
that the etiology of intracranial aneu- 
rysms may be genetically deter- 
mined. 

In view of the natural history of 
cerebral aneurysm and the relatively 
low morbidity of cerebral angiogra- 
phy, it may well be advisable to 
conduct arteriographic studies in 
symptomatic relatives of patients 
with subarachnoid hemorrhage, espe- 
cially in those with severe headaches 
and/or neurologic symptoms. The 
headaches could represent a warning 
sign and catastrophic bleeding might 
be prevented. 
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Visual Evoked Spectrum Array 
and Interhemispherie Variations 


Gastone G. Celesia, MD; Virender K. Soni, MSc; William S. Rhode, PhD 


* An EEG spectrum analysis during 
visual stimulation was computed in 19 
normal subjects. Visual stimulation con- 
sisted of trains of flashes at frequencies 
ranging between 2.5 and 20 flashes per 
second. Recordings were carried out 
simultaneously from the right and left 
occipital regions with bipolar and referen- 
tial montages. 

Compressed spectral arrays were com- 
puted for eight-second epochs at each 
recording site using a fast Fourier trans- 
form. The ratio of the spectral energy from 
homologus regions of right and left hemi- 
spheres at each stimulation frequency 
was determined. The ratios were graphi- 
cally displayed in a visual evoked spec- 
trum array (VESA) ratio plot (VESA- 
GRAM); the mean of the ratio plot was 
designated the VESA coefficient. The 
range of variation for these measure- 
ments was determined for normal sub- 
jects. An application of the technique to 
patients with hemianopia showed abnor- 
mal VESA (characterized by smaller spec- 
tral amplitudes over the appropriate hemi- 
sphere), abnormal VESA ratio plots, and 
high VESA coefficients. 

These preliminary findings suggest that 
VESA may be a promising method to 
detect retrochiasmatic visual defects. 

(Arch Neurol 35:678-682, 1978) 


he value of visual evoked re- 

sponses (VERs) in the diagnosis 
of retrochiasmatic lesions is contro- 
versial. Some authors have described 
decreased amplitude of VERs homo- 
lateral to the side of the lesion.'* 
Others using pattern stimulation have 
found decreased amplitude of VERs 
in the occipital region contralateral to 
the side of the lesion.*> Furthermore, 
amplitude asymmetries between the 
right and the left occipital regions 
have also been observed in normal 
subjects. Vaughan and Katzman’ 


Accepted for publication Jan 9, 1978. 

From the Department of Neurology and the 
Laboratory Computer Facility University of 
Wisconsin Center for the Health Sciences, Madi- 
son (Drs Celesia, and Rhode, and Mr Soni); and 
the Department of Neurology, St Louis Universi- 
ty and Veterans Administration Hospital, St 
Louis (Dr Celesia). 

Reprint requests to Department of Neurology, 
St Louis University, 1221 S Grand Blvd, St Louis, 
MO 63104 (Dr Celesia). 


678 Arch Neurol—Vol 35, Oct 1978 


suggested that only asymmetries 
greater than 50% be considered note- 
worthy. We recorded evoked re- 
sponses to pattern reversal in six 
hemianopic patients but found notice- 
able amplitude asymmetry in only two 
cases.* Normal VERs to pattern stim- 
ulation were also obtained by Assel- 
man et al in three cases of hemiano- 
pia.’ 

The failure to record abnormal 
VERs may be intrinsic to the averag- 
ing technique and to the anatomical 
distribution of the visual cortex. The 
averaging of more than 100 evoked 
responses from electrodes positioned 
over the lateral surface of the occipital 
regions will record volume-conducted 
events from distant generators lo- 
cated over both mesial surfaces of the 
occipital lobes. Responses from the 
normal side may therefore obscure 
any abnormality that may be present 


in the VER originating from the 
affected hemisphere. To reduce the 
chance of recording volume-conducted 
events from the normal hemisphere 
and to improve the diagnostic reliabil- 
ity of electrophysiological techniques 
in the diagnosis of retrochiasmatic 
lesions, we studied changes in the 
EEG spectrum during visual stimula- 
tion. 


METHOD 


This study was carried out in 19 normal 
subjects and 11 patients. Neurologic and 
ophthalmologic examinations were carried 
out in each subject before the recordings. 

Visual stimulation consisted of flashes 
generated by a photic stimulator set at 
intensity “1” and placed 45 cm from the 
subject’s eye. The subject was comfortably 
seated on an EEG recording chair. Trains 
of flashes at increasing frequency were 
used. Each train lasted 8 seconds. The 
following frequency of flashes were ap- 





Fig 1.—Visual EEG spectral array in normal subject. Each line represents averaged 
spectral array of two four-second EEG epochs. Diagonal peaks indicate response to 
flash. Additional peaks represent second and third harmonic responses. Abscissa 
represents peak energy; ordinate, frequency in herz. 
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Fig 2.—Visual evoked spectrum array ratio plot (VESAGRAM) and VESA coefficients in same patient as Fig 1. 
This is photograph of computer printout. Note that VESA coefficients (MEAN, HMEAN, AMEAN) have values 
less than 2. Abscissa represents ratio between homologous sides; ordinate, frequency in hertz. 


plied: 2.5, 3.1, 4, 5, 6.2, 7.7, 10, 12.5, 15.7, and 
20 flashes per second. 

Stimulation was carried out in a partially 
-= darkened room with background lumi- 
nance of .01 foot-lamberts. Subjects were 
instructed to remain still and to fixate on a 
black dot at the center of the strobe. Binoc- 
ular and monocular stimulation was used. 

Recordings were carried out with silver- 
silver chloride electrodes applied to the 
scalp with collodion. Electrode impedance 
was always less than 5,000 Q. 

Input from the electrodes was led to 
eight preamplifiers adjusted to a band- 
width ranging from 0.3 Hz to 1 kHz. 
Preamplifier output was fed simultaneous- 
ly to a tape recorder and an oscilloscope. 

Computer analysis was carried out 
offline by a computer with a memory size 
of 56 K words. The program occupied about 
8 K of memory with an additional 6 K data 
buffer. The analog data was digitized 
with a 16-channel programmable analog to 
digital converter. The sampling rate was 
128 samples per second. Hard copy of the 
graphic display was produced with an elec- 
trostatic plotter. 

At each recording site, averaged com- 
pressed spectrum arrays were computed 
using the fast Fourier transform. The 
average compressed spectrum array con- 
sisted of the summation of two four-second 
epochs of EEG spectrum. At each stimula- 
tion frequency, the peak energy was 
computed as the spectral energy in a 1-Hz 
band around the frequency of stimulation. 
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Fig 3.—Normal visual evoked spectrum array (VESA). Upper half, two examples of type 1 
VESA; lower half, two examples of type 2 VESA. Abscissa represents peak energy; 
ordinate, frequency in hertz. 


For instance, when the stimulation was at 
ten flashes per second, the band would be 
9.5 to 10.5 Hz. 

As shown in Fig 1, the first line repre- 
sents the visual evoked spectral array 
(VESA) at a stimulation frequency of 2.5 
flashes per second. Each succeeding line 
from bottom to top represents a spectrum 
at a higher frequency of stimulation. 

For each pair of homologous regions of 
right and left hemisphere, the dominant 
side was selected as the side with the larger 
sum of peak energy over all frequencies of 


stimulation. At each frequency, the VESA 
ratio was obtained by dividing the peak 
energy in the dominant side by the peak 
energy in the other side. When the two 
sides had equal energy, the value was 1 at 
that given frequency. The VESAGRAM 
was obtained by inserting the value at each 
of the ten frequencies analyzed in a graph- 
ic plot, as shown in Fig 2. The frequency 
was displayed on the abscissa and the value 
of the ratio on the ordinate. The VESA 
coefficients were the mean of the ratios 
and were determined by averaging the 
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appropriate set of VESA ratios. Three 
separate coefficients were computed for 
each ratio plot in an attempt to determine 
the best frequency range for analysis. The 
total VESA coefficient indicated the aver- 
age ratio for all ten frequencies of stimula- 
tion. The high coefficient indicated the 
average for frequencies between 6.0 and 20 
Hz, and a-VESA coefficient indicated the 
average for frequencies in the a region (ie, 
7.7, 10.0, and 12.5 Hz). All three coefficients 
were displayed with each VESAGRAM. 


RESULTS 


A VESA was obtained in 19 normal 
subjects aged 21 to 34 years, with a 
mean age of 26.3 years. There were six 
women and 13 men. 

The VESA responses (Fig 1) were 
characterized by major peaks ap- 
Fig 4.—Normal visual array evoked spectrum array (VESA). Upper half, two examples of pearing at the frequency band of the 
type 3 VESA; lower half, two examples of type 4 VESA. Abscissa represents peak energy; stimulation. Minor peaks occurring at 
ordinate, frequency in hertz. frequencies twice or three times the 
frequency of stimulation were also 
observed and represented the second 
and third harmonic response. The 
VESA responses were observed in 
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e. 10. 0 18.0 2.0 10. 0 18. 0 with shift of the peaks toward the left 
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6 Hz (type 4 VESA). 
Great variability was found in the 
ratios of spectral energy between the 


Fig 5.—Visual evoked spectrum array 
(VESA) in patient experiencing phenytoin 
toxicity. Note peaks of slow activity at 2 to 
5 Hz in every epoch of spectrum array. 
However, evoked spectral peak to flash 
stimulation, VESAGRAM and VESA coeffi- 
cients are normal. HMEAN indicates coef- 
ficient, for frequencies between 6 and 20 
Hz. AMEAN, coefficient for frequencies 
between 7.7 and 12.5 Hz. 
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hemispheres in normals. Recordings 
from O,-T, and O,-T, or from O.-A, 
and O,-A, were frequently contami- 
nated by muscle artifacts and had 
VESA coefficients with the greatest 
variations. The most reliable and 
stable results were obtained from 
bipolar recordings comparing O.-C, to 
O,-C, and O,-C; with O,-C,. The mean 
and the standard variations of the 
VESA coefficient are shown in the 
Table. 

The most variable of the three 
VESA coefficients studied was the a 
coefficient, which ranged in normals 
from 1.01 to 3.01. 

There was no correlation between 
hand dominance or eye dominance 


. and the side of the highest amplitude. 


= 





Fifteen of the 19 controls (79%) had 
their highest amplitude responses to 
binocular stimulation over the right 
occipital region. The right-side pre- 
dominance increased to 16 of 19 (84%) 
with monocular stimulation of the left 
eye and decreased to ten of 19 (53%) 
with monocular stimulation of the 
right eye. This picture was further 
complicated in five subjects by the 
shifting of the higher-amplitude re- 
sponses from one hemisphere to the 
other at low frequency of flash stimu- 
lation when compared with the stimu- 
lation at high frequency of flashes. 
Based on these results, the follow- 
ing criteria of normality were estab- 
lished: (1) VESA responses should 
always be present over both hemi- 
spheres, (2) the VESAGRAM peaks 
should not exceed the value of 2.5 at a 
given frequency of stimulation, (3) the 
total and high VESA coefficients 
should have a value of 2.5 or less. 
Five patients with neurological 
disorders not affecting the visual 
pathways (ie, primary generalized 
epilepsy, partial complex seizures, 
parkinsonism, migraine, and mental 
retardation) were tested and had 
normal VESAs VESAGRAMs, and 
VESA coefficients. Two epileptic pa- 
tients were studied while showing 
signs of anticonvulsant toxicity. At 
the time of examination they had mild 
ataxia. They were alert, but their 
mental processes were slower than 
normal. Their EEGs showed back- 
ground activity in the © frequency 
range of 4 to 6 Hz. The VESA profile 


\ was normal in both cases (Fig 5). 


Arch Neurol—Vol 35, Oct 1978 





Fig 6.—Patient with left hemianopia. Note asymmetric visual evoked spectrum array 
(VESA) with depressed responses over right occipital region. Visual evoked spectrum 
array ratio plot (VESAGRAM) shows high peaks on left; VESA coefficients have values 
more than 2, indicating lower peak energy over right occipital region. HMEAN indicates 
coefficient for frequencies between 6 and 20 Hz. AMEAN, coefficient for frequencies 
between 7.7 and 12.5 Hz. 


Two patients with unilateral optic 
neuropathy were studied. Both had 
decreased visual acuity and central 
scotoma in the affected eye. The 
VESA profile was normal even with 
monocular stimulation of the affected 
eye. 

Recordings were also carried out in 
four patients with homonymous hem- 
ianopia. The cause of the hemianopia 
was vascular in three cases and 
neoplastic in one. All four patients had 
abnormal VESA profiles (Fig 6 and 7) 
characterized by decreased peak ener- 
gy homolateral to the lesion, VESA- 
GRAMs with high peaks, and VESA 
coefficients with values more than 
2.5. 


COMMENT 


Compressed spectral analysis is a 
technique introduced by Bickford” to 
study the frequency information con- 
tained in the EEG. In this study, it 
was modified to evaluate the function 
of the central optic pathways during 
normal stimulation. The VESA indi- 


cated the physiological property of 
occipital areas to follow a visual stim- 
ulus with quasi-resonant response. 
Three of the controls studied had no 
discernible response to flashes in their 
EEG but had unequivocal response in 
the VESA. Similarily, Werre and 
Smith" found that even when there is 
no response on the routine EEG, aver- 
aging will show a small response at 
fundamental, harmonic, or subhar- 
monic frequencies of the flash rate. 
Spectrum analysis offers some advan- 
tages compared with averaging. Spec- 
trum analysis is computed using the 
fast Fourier transform and the signal- 
to-noise enhancement obtained with 
Fourier analysis is considerably 
greater for a short period than that 
possible by normal averaging." Fur- 
thermore, the problem of volume 
conduction present in averaging tech- 
niques where 100 or more events need 
to be summated is virtually elimi- 
nated, thus permitting reliable quan- 
tification of interhemispheric asym- 
metries. 
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The VESA coefficients are ex- 
pressed in simple numerical values 
that can be handled statistically to 
determine the boundary of normality. 
Binocular stimulation caused higher 
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power peaks over the right hemi- 
sphere in 79% of cases. This right-side 
predominance increased to 84% when 
only the left eye was stimulated and 
decreased to 53% when only the right 
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eye was stimulated. These findings 
may simply reflect the corresponding 
higher EEG background activity seen 
over the same hemisphere, or it may 
represent the physiological counter- 
part of the right hemisphere domi- 
nance for visual perception.'*"* 

The results reported here have 
shown the ability of the VESA to 
detect retrochiasmatic lesions. Meta- 
bolie disturbances interfering with 
EEG background activity do not inter- 
fere with VESA. Similarly, prechias- 
matic lesions do not alter this test. 
Further experimentation is however 
required to determine if VESA is 
more sensitive than presently avail- 
able methods of detection of retro- 
chiasmatic lesions. A project is under- 
way to compare VESA with Goldman 
perimetry and CT in patients sus- 
pected to have optic pathway lesions. 
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small movements of fixation point do 
not interfere with the results. 
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Central Latencies of Somatosensory 
Cerebral Evoked Potentials 


Jun Kimura, MD; Thoru Yamada, MD; Hirotsune Kawamura, MD 


è Latencies of the nuchal and scalp- 
recorded somatosensory evoked potential 
(SEP) were determined by stimulation of 
the median nerve at the wrist and pero- 
neal nerves at the knee in 27 healthy 
subjects. With stimulation of the median 
nerve, the estimated conduction time from 
the wrist to C7 (11.4 + 1.1 ms) was 
2.1 + 1.1 ms less than the latency of the 
major negative peak, N,, of the nuchal 
SEP (13.6 + 1.0 ms). The latter potential, 
in turn was 0.9 + 0.6 ms less in latency 
. compared with the initial positive peak, P,, 
of the scalp-recorded SEP (14.2 + 1.0 
ms). Even if only a minimal delay of 1.5 ms 
at the three synapses was allowed, the 
calculated central latency measured to P, 
(2.9 + 0.9 ms) was too small; however, 
that measured to N, (6.9 + 1.9 ms) was 
appropriate to cover the distance from C7 
to the scaip (24.6 + 1.9 cm). 

These findings suggest generation of N, 
primarily from the dorsal column nuclei 
and P, from either lemniscal inflow or 
cerebellar or thalamic nuclei. It is thus 
' likely that N, is the initial cortical 
discharge of the somatosensory impulse. 
Latency determination was more reliable 
with the median-evoked than the pero- 
neal-evoked SEP. Of various latency 
computations, right-left comparison in the 
same subject and difference between 
successive peaks among different sub- 
jects were least variable. These mea- 
sures, therefore, may best be used to 
assess neural conduction in the somato- 
sensory pathways. 

(Arch Neurol 35:683-688, 1978) 


omatosensory evoked potentials 
(SEP) have been extensively 
studied, but most previous work has 
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dealt with changes in amplitude and 
waveform in diseases affecting the 
cerebrum or spinal cord." More 
recently, there has been an increasing 
trend to evaluate neural conduction 
in the CNS by determining latencies 
of the SEP, recorded either at the 
sealp*'^ or over the high cervical 
spine. Clinical application of SEP 
latencies, however, has been limited, 
primarily because the neural source of 
various SEP peaks has not yet been 
clearly elucidated. Their usefulness 
has also been impeded by a lack of 
knowledge of the degree of latency 
variability among different normal 
subjects. 

We performed experiments to de- 
termine latency differences between 
successive SEP peaks; these were then 
used to determine the possible neural 
origin of nuchal and scalp-recorded 
potentials. In addition, an attempt 
was made to calculate the SEP laten- 
cies over the central pathways in the 
spinal cord and brain stem. Methods 
were not available to make accurate 
measurements of peripheral sensory 
conduction latency to the spinal cord. 
Therefore, the conduction time to the 
spinal cord was estimated by measur- 
ing the motor latency through use of 
the F wave.'*'* The normative data 
were analyzed to establish the most 
reliable aspects of latency determina- 
tion. Some measures are relatively 
constant and thus may be useful as a 
clinical test but others are, using the 
currently available technology, too 
variable to be of practical value. 


METHOD 


The median and peroneal nerves were 
stimulated at the wrist and at the knee, 
respectively, using surface electrodes ei- 
ther unilaterally or bilaterally.” Shock 
intensity was adjusted to obtain a small 
twitch of the innervated muscles. Aver- 
aged evoked potentials were recorded from 
a surface electrode, N,, placed on the neck 7 
em rostral to C7 (Fig 1), and from scalp 
electrodes C., C,, and C,, placed in accord- 
ance with the international system (Figs 


2 and 3). Two additional electrodes (C, and 
C.) were located at midpoint between C, 
and C,, and C, and C,, respectively. In a 
few subjects, the nuchal SEP was also 
recorded with electrodes placed at C7 and 7 
em caudal to it (Fig 1). For all recordings, a 
common reference electrode was used 
connecting the ears (A, and A,). 

One set of tests consisted of a total of 200 
stimuli delivered randomly every 1 or 2 
seconds to the median nerve and a mini- 
mum of 400 stimuli to the peroneal nerve. 
Two separate trials with the same stimulus 
setting were performed to confirm the 
consistency. The EEG data were recorded 
using EEG amplifiers with half-amplitude 
frequency responses of 0.3 to 3,000 Hz, and 
stored on a frequency-modulated tape. Off- 
line averaging was carried out on a 21 MX 
Hewlett Packard computer system with 
AC-DC conversion of 10-bit accuracy 
and sweeps of 500 ys/address, which 
provided two points per millisecond for the 
full range of evoked potentials recorded 
during the 200 ms after stimulus. A cali- 
bration pulse was inserted prior to each 
stimulation (Fig 1 through 3). To deter- 
mine the latency of various SEP peaks, a 
marker was positioned to the desired spot 
of the waveform on the oscilloscope, and 
the computer automatically displayed the 
latency on the video monitor. 

The latency of the nuchal SEP (Fig 1) 
was measured to the major negative peak, 
N,, and that of the scalp-recorded SEP (Fig 
2 and 3) to the initial positive peak, P,, and 
subsequent negative and positive peaks N,, 
P, N,, and P,. The scalp-recorded poten- 
tials used for latency determination were 
primarily those recorded at C, and C, for 
the median nerve (Fig 2) and those at C, 
for the peroneal nerve (Fig 3). However, 
the potentials were sometimes better 
delineated when recorded at the C, and C, 
electrodes after the peroneal nerve was 
stimulated. In these cases, latencies were 
measured to the peak of the best-developed 
potentials irrespective of the site of record- 
ing electrodes. 

Using the conventional method, the 
motor nerve conduction velocities (MNCV) 
and sensory nerve conduction velocities 
(SNCV) were calculated for the elbow-to- 
wrist segment of the median nerve. Simi- 
larly, MNCV was obtained for the knee-to- 
ankle segment of the peroneal nerve. In 
addition to the direct muscle potential (M 
response), a late recurrent potential (F 
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wave) was recorded from the abductor 
pollicis brevis and extensor digitorum 
brevis after stimulation of the median 
nerve at the wrist'*'* and peroneal nerve at 
the knee. The latencies were measured 
from the stimulus artifact to the beginning 
of the evoked potential. The F wave was 
relatively constant in latency in some 
subjects, but in others it varied by a few 
milliseconds from one stimulus to the next. 
Therefore, at least ten trials were done in 
each nerve to determine the response with 


the shortest latency. If the F wave was 
difficult to elicit, slight voluntary contrac- 
tion often enhanced the evoked potential. 

The F wave represented the muscle 
potential evoked by discharges of anti- 
dromically activated motoneurons (Fig 4). 
Thus, the F wave first traveled in the 
centripetal direction toward the spinal cord 
before it was transmitted distally to acti- 
vate the muscle. The time required for the 
passage of impulse to and from the spinal 
cord was determined as the latency differ- 


Fig 1.—Nuchal somatosensory evoked potential recorded with electrode located at C7s 
(middle tracing), 7 cm rostrally (top), and caudally (bottom), after stimulation of right (R) 
or left (L) median nerve (Med N). There was slight latency difference between negative 
peaks of top and middle tracings, but not between middle and bottom tracings. Presence 
of major negative peak (N,) at high thoracic region proves that it is at least in part volume- 
conducted. Calibration pulse (5 uV, 10 ms) was inserted prior to each stimulation and 
averaged simultaneously with evoked potential. 
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ence between the F wave and M response. 
Considering a delay of 1.0 ms for the 
recurrent discharge'*?? of the F wave and 
the refractory period,” the peripheral 
latency from the stimulus site to the spinal 
cord was estimated by the equation (F-M- 
1)/2, where F and M were latencies of F 
wave and M response, respectively.'^'* In 
addition, the ratio of SNCV to MNCV was 
obtained for the median nerve where 
SNCV and MNCV were sensory and motor 
nerve conduction velocities in the elbow-to- 
wrist segment. This was deemed necessary 
for the peripheral latency to reflect senso- 
ry rather than motor conduction. 


RESULTS 


A total of 27 healthy subjects were 
studied. There were 14 men and 13 
women, ranging in age from 19 to 47 
years (average age, 28 years). Various 
SEP peaks were not always identified 
in each of the 27 subjects tested, as 
summarized in Table 1. In general, 
early peaks of the sealp-recorded SEP 
were detected in a majority of 
subjects when the median nerve was 
stimulated. In a few cases, simulta- 
neous bilateral stimulation’? was more 
effective in eliciting unequivocal N, 
and P, (Fig 2). In many subjects, P, 
was often blunt and at times gave the 
appearance of double peaks with no 
major negative peak between the two. 
In these cases, the latency was 
measured to the initial rather than the 
second hump of P,. 

After stimulation of the median 
nerve, the nuchal SEP was clearly 


Fig 2.—Somatosensory evoked potentials elicited by right (R) or right and left (L) stimulation of the median 
nerve (Med N) at wrist, using sampling time of 0.5 ms. Top tracing shows entire evoked potential during 200 
ms after stimulus, whereas initial 60-ms segment is enlarged in bottom tracing. Calibration (cal) pulse (5 pV, 
15 ms) was inserted prior to each stimulation. P, indicates initial positive peak, N,, negative peak. 
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Fig 3.—Somatosensory evoked potentials elicited by left (L) and left and right (R) stimulation of peroneal nerve (Peron N) at knee 
using same arrangement as in Fig 2. Initial positive peak, P,, and subsequent negative peak, N,, were equivocal, with unilateral 
stimulation in this subject. Calibration (cal) pulse (5 uV, 15 ms) was inserted prior to each stimulation. 
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Fig 4.—Direct muscle potential (M response) and late recurrent potential (F wave) elicited by stimulation of 
median nerve at wrist (top tracing) and of peroneal nerve at knee (bottom). Diagrams on left illustrate pathways 
of M response (horizontal solid arrow) and F wave (dotted arrow). Considering 1.0 ms for estimated minimal 
delay at anterior horn cells and for absolute refractory period of motor fibers, conduction time from stimulus site 
to cord is calculated as (F-M-1)/2, where F and M are latencies of F wave and M response. S indicates stimulus; 


K, knee; W, wrist. 


recorded, not only at a low cervical but 
also at a high thoracic location, when 
these additional recording sites were 
tested in a few subjects. In these 
cases, the peak latency of the negative 
potential was essentially the same at 
high thoracic and low cervical regions. 
In each subject, the negative potential 
recorded at high thoracic location 
tended to be smaller in amplitude 
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when compared with those recorded at 
more rostral sites (Fig 1). 

In contrast to the median-evoked 
SEP, N, was either absent or equivo- 
eal in most subjects after stimulation 
of the peroneal nerve. Similarly, P, 
and N, were often difficult to detect, 
although they were clearly present in 
some, especially if the nerve was stim- 
ulated on both sides (Fig 3). Of all the 


peaks, P, was most consistently 
elicited and its latency easily mea- 
sured. 

Table 2 summarizes the latencies of 
various SEP peaks. When analyzing 
evoked potentials elicited by unilater- 
al stimulation, the values on the right 
and left were combined to determine 
the mean values and standard devia- 
tions, since there was no significant 
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Table 1.—Absent SEP Peaks in 27 Healthy Subjects* 





No. No. (96) No. No. (96) No. No. (96) No. No. (96) 

d ae Absent Ed Absent ee Absent Tested Absent 
= 8 (14. 8) 54 9. 3) 23 (42. 6) 6 (22. 2) 
N, > 7 (12.9) 6 (11.1) 14 (25.9) 4 (14.8) 
P; 54 10 (18.5) 8 (14.8) 13 (24.1) 4 (14.8) 
N, 54 17 (31.5) 9 (16.7) 19 (35.2) 7 (25.9) 
54 24 (44.4) 15 (27.8) 21 (38.9) 10 (37.0) 









Stimulation of Peroneal Nerve 






Unilateral Bilateral 


























*SEP indicates somatosensory evoked potentials. Total of 27 responses for midline recordings 
after bilateral stimulation (N, for nuchal SEP and C, for peroneal evoked scalp potentials); otherwise, 


54 responses, right and left combined. 


Stimulation of Median Nerve 


Mean (+ SD) 
Responses No. of Latencies, 
Measured Responses ms 
Motor re- 
sponse 
26.4 + 2.3 
11.5 = 1:6 


R-L No. of 
Difference 


2.9 —- 0.5 0.4 + 
UII 
1.0 + 2.5 13.7 + 





Stimulation of Peroneal Nerve 


Mean (+SD) R-L 
Latencies, Differ- 
ence 


Responses ms 


11[9 x 1,3. 055 € 0:5 
—— c 


24.0 + 3.3 
27.5 + 3.6 

+ 5.4 
47.2+ 58 
57.5 + 6.6 


127 + 1.1 


*SEP indicates somatosensory evoked potential; R, right; L, left; PL, peripheral latency. 
{Peripheral latency from stimulus site to spinal cord entry at C7 and T12 for median and peroneal 


nerves, respectively. 
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Components of 
SEP Pathways 
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CL measured to 


ET BPA Ea EK (+SD) 
No. of Latencies, 
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Stimulation of Peroneal ricis ios oe BS ian c 


R-L S T ADM EE ALS (+SD) R-L 
Differ- 
ence 


Differ- 
ence 


No. of Latencies, 
Responses ms 


TLO + 4,2 


*Between successive somatosensory evoked potential (SEP) peaks. 
TCL (central latency) from spinal cord entry to N, of nuchal SEP and P,, N,, and P, of scalp-recorded 


SEP. 


difference between the two sides. For 
right-left comparison, the potentials 
recorded at N, and C, after stimula- 
tion of the right median nerve were 
compared to those at N, and C, subse- 
quently elicited by stimulation of the 
left median nerve. In addition, the 
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scalp potentials simultaneously re- 
corded at C, and C, after bilateral 
stimulation of the median nerve were 
compared. For the peroneal nerve, the 
largest potentials were usually elic- 
ited at C,, regardless of the side of 
stimulation. Thus, the potentials re- 


corded at N, and C, after stimulation 
of the right peroneal nerve were 
compared with those subsequently 
elicited by stimulation on the left 
side. 

Table 2 also summarizes the laten- 
cies of M response and F wave togeth- 
er with calculated values of peripheral 
latency. We were interested in senso- 
ry and not motor impulses. Therefore, 
using the ratio SNCV to MNCV, the 
motor conduction time of the median 
nerve, (F-M-1)/2, was converted to the 
sensory conduction time  (F-M- 
1) x MNCV/(2 x SNCV)in each indi- 
vidual subject. In our data, however, 
there was no significant difference 
between the two values, since the 
MNCV and SNCV were nearly the 
same in the elbow-to-wrist segment of 
the median nerve. Indeed, average 
value of the ratio SNCV to MNCV was 
102 0.1 (mean - SD) in the 27 
subjects. Therefore, in subsequent 
caleulations, motor rather than senso- 
ry conduction time was used without 
correction for both median and pero- 
neal nerves. This was convenient, 
since the SNCV was not available for 
the peroneal nerve and, consequently, 
accurate conversion of the motor to 
sensory latency was impossible for the 
lower extremities. 

Table 3 summarizes the average 
conduction time over various compo- 
nents of somatosensory pathways as 
caleulated by latency difference be- 
tween the two successive peaks of 
SEP, including the difference be- 
tween N, of the nuchal SEP and scalp- 
recorded P,. In addition, the central 
latency was calculated in each subject 
by subtracting the peripheral latency 
from the overall SEP latency mea- 
sured to N,, P,, N,, and P, peaks. The 
values thus obtained represented the 
time required for the passage of 
impulse in the central pathway from 
the cervical enlargement (C7s) and 
conus medullaris (T12s) after stimula- 
tion of the median and peroneal 
nerves, respectively (Fig 5). The 
difference between the two central 
latencies provided the spinal cord 
conduction time from the conus me- 
dullaris to the cervical enlargements 
as proposed by Dorfman." According 
to our data, however, this value varied 
considerably from one subject to the 
next, presumably because of a large 
cumulative error from various latency 
determinations. Thus, it was difficult 
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Fig 5.—Conduction time over somatosensory pathways may be arbitrarily divided into 
two parts, peripheral and central latencies (PLm and CLm, and PLp and CLp after 
stimulation of median and peroneal nerves, respectively). Peripheral segment is distal 
part of first neuron from stimulus site to spinal cord entry. Central segment consists of 
central part of first neuron up to dorsal column nuclei, lemniscal system, and thalamo- 
cortical fibers, including at least three synapses. Difference between CLm and CLp 
theoretically provides spinal cord conduction time (SCCT) from T12 to C7s, namely, 
between conus medullaris and cervical enlargement. SEP indicates somatosensory 


evoked potential. 


to determine with any accuracy the 
spinal cord conduction in individual 
subjects. 


COMMENT 


It is now generally agreed that the 
negative potential, N,, recorded over 
the high cervical spine after stimula- 
tion of the median nerve is neuronal 
rather than myogenic.**** Although it 
is considered subcortical in origin, the 
exact neural source of this potential is 
still in dispute. Cracco? recorded from 
various sites over the cervical spinal 
cord and concluded from progressive 
increases in latency at more rostral 
recording location that the evoked 
potential was a traveling wave in the 
dorsal column. Broughton”: observed 
that the initial positive peak of the 
scalp-recorded SEP and the negative 
peak of the nuchal SEP had similar 
latencies, suggesting a thalamic di- 
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pole generator. Mathews et al^? noted 
no latency difference from central to 
caudal neck and concluded that it was 
generated from fixed sites that, in 
their view, possibly included dorsal 
root ganglia, spinal cord interneurons, 
dorsal column nuclei, and cerebellum. 

From our data, the estimated laten- 
cy from the wrist to the C7 spinal area 
(11.4 + 1.1 ms) was 2.1 + 1.1 ms less 
than the latency of N, (13.6 + 1.0 ms). 
Thus, it is unlikely that N, originates 
from dorsal root ganglia or spinal cord 
interneurons. In fact, the observed 
time interval from spinal cord entry to 
N, generator was too large for N, to 
consist solely of a traveling wave 
recorded at high cervical regions. 
Furthermore, we have shown that N, 
can be consistently recorded over the 
thoracic spinal cord (Fig 1). The poten- 
tial recorded there must be volume- 
conducted, since there is no traveling 


wave at this level after stimulation of 
the median nerve. Although it may be 
argued that the reference electrode 
connecting the ears might be active, 
this does not seem to apply to N,.” 
Obviously, the presence of N, over the 
thoracic spine does not preclude 
contribution of a traveling wave to the 
nuchal SEP recorded at high cervical 
regions. Like Cracco, we have, on occa- 
sion, observed a slight latency differ- 
ence between the negative peaks 
recorded at high and low cervical 
regions. Thus, considering a synaptic 
delay of 0.5 to 1.0 ms, our finding is 
most consistent with generation of N, 
primarily from the dorsal column 
nuclei with possible contribution from 
traveling waves. 

In this study, the estimated latency 
from spinal cord entry to P, (2.9 + 0.9 
ms) was too small to cover the distance 
from the C7 spine to the scalp 
(24.6 + 1.9 em), even if only a minimal 
delay of 1.5 ms was allowed for the 
three synapses at the dorsal column, 
thalamus, and cortex. Thus, like N, of 
the nuchal SEP, the scalp-recorded P, 
must also be subcortical in origin. 
Since N, was 0.9 + 0.6 ms less in 
latency than P,, however, these two 
potentials are likely to be generated 
from two separate neural sources. 
Similar latency difference was also 
noted by Cracco? and Nakanishi et 
al. If N, is accepted as reflecting 
discharges from the dorsal column 
nuclei as suggested previously, then 
the very short delay between N, and 
P, makes P, most compatible with 
either lemniscal inflow or synaptic 
events in the cerebellum or thalamus. 
It is doubtful that P, is directly 
related to the ensuing specific thala- 
mocortical volley because of its dif- 
fuse and even distribution over the 
scalp.'^?*?* Responses to median nerve 
stimulation, which have latencies sim- 
ilar to that of P,, have been recorded 
in the human thalamus." ^? 

The SEP latencies shown in Table 2 
are consistent with our previous val- 
ues" and those reported by oth- 
ers.*'??? In this study, latency differ- 
ences between successive SEP peaks 
have been systematically investi- 
gated. The results are of some interest 
if it could be accepted that each corre- 
sponding peak of the SEP after stim- 
ulation of the median and peroneal 
nerves represents the same neural 
source. Since somatosensory pathways 
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add. 67 Cms 


longer from the knee than from the 
wrist, the difference between fast- 
and slow-conducting sensory fibers 
should be more apparent in the pero- 
neal-evoked than median-evoked po- 
tentials. This was the case for the 
peaks N,, P, and N,, in that the 
latency increase from N, to P, and 
that from P, to N, were both signifi- 
cantly greater (P < .05 and P < .01, 
respectively) after stimulation of the 
peroneal than median nerve. This 
finding suggests that sensory impulse 
of N, conducts faster than P,, which in 
turn is faster than N.. In contrast, the 
latency difference between P, and N, 
was the same in peroneal (4.1 + 2.1 
ms) and median-evoked potentials 
(4.8 + 1.1 ms), suggesting that the 
same somatosensory fibers or, if 
different, those of the same conduc- 
tion characteristics, are involved in 
the generation of these two peaks. 
The difference from N, to P, was 
also the same whether the median or 
peroneal nerve was stimulated, sug- 
gesting that these late potentials may 
be transmitted by the same group of 
somatosensory fibers. Although these 


interpretations are plausible, they are 


highly speculative. Because of a lack 
of knowledge of their neural origin, 
we are not entirely certain whether it 
is physiologically valid to compare 
various peaks between median-evoked 
and peroneal-evoked potentials. 
Dorfman,^ in his recent study, 
attempted to derive an indirect esti- 
mate of the velocity of impulse propa- 
gation in the lumbar and thoracic 
spinal cord. Although our average 
conduction time over the same region 
was very close to his, we were unable 
to ealeulate conduction velocities of 
individual subjects very accurately. 
Further, Nə P, and N, peaks were 
often absent in the peroneal-evoked 
SEP, even in healthy subjects. Thus, 
these peaks cannot be used as a 
measure of integrity of the lumbar 
and thoracic spinal cord. Since P, is 
present more regularly in normals, its 
absence or delay may be used as a 
clinieal test. However, subtle abnor- 
malities are probably difficult to 
detect on this basis in view of the 
considerable latency variability of P, 
in healthy subjects. It is not clear why 
the stimulation of the peroneal nerve 
did not result in consistent findings of 
the different peaks as did the stimula- 
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the sensory nerves and of the central somotosen- 


to do with the cortical representation 
of the peroneal nerve, which is smaller 
and more deeply located than that of 
the median nerve. The longer conduc- 
tion pathway may also result in 
dispersion of the grouped action 
potential. 

In contrast, early peaks of the 
median-evoked SEP were not only 
easily elicitable but also relatively 
constant in latency from one subject 
to the next. Thus, N, of the nuchal 
SEP and early peaks of the scalp- 
recorded SEP may be used to measure 
conduction of somatosensory impulses 
in the cervical cord and brain stem. 
Among various latency computations, 
peak difference between successive 
potentials are least variable and, 
therefore, most reliable. In particular, 
right-left difference in the same 
subject is very small and should 
provide a sensitive indicator in assess- 
ing unilateral slowing of neural con- 
duction in these anatomical regions. A 
greater number of summation and 
shorter sampling time than was avail- 
able to us in this study would further 
improve the accuracy and clinical 
usefulness of the scalp-recorded SEP. 


D. David Walker, MSEE, and Peter J. Seaba, 
MSEE, provided engineering assistance; Sheila 
Mennen, Joanne Colter, Elizabeth Spillers 
REEGT, Karen Arensdorf REEGT, and Karen 
Thompson provided technical assistance. 
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Monozygotie Twins With Presumed 


Metachromatic Leukodystrophy 


Activity of Arylsulfatase A in Serum of Patients and Family 


Toshiaki Hashimoto, MD; Hiroe Minato, MD; Yashuhiro Kuroda, MD; 
Kenji Toshima, MD; Katsuaki Ohara, MD; Masuhide Miyao, MD 


€ Arylsulfatase A (ASA) activity in urine 
and serum was assayed on two 21-month- 
old monozygotic twins with presumed 
metachromatic leukodystrophy (MLD), 
their parents, and kin. The patients 
showed a marked reduction in ASA activ- 
ity in both urine and serum. 

The twins' parents and 11 kin, a total of 
13 persons, were examined for ASA activ- 
ity in serum, but it was not possible to 
delineate heterozygous carriers of MLD 
by the present study. 

The assay of ASA activity in serum 
promises to be useful for diagnosis of 
MLD. 

(Arch Neurol 35:689-691, 1978) 


any cases of metachromatic leu- 
kodystrophy (MLD) have been 
reported. However, MLD in mono- 
zygotie twins has not, to our knowl- 
edge, been previously described. 

In 1973, Beratis et al^ found a 
decreased level of arylsulfatase A 
(ASA) activity in serum of patients 
with this disorder and proposed the 
use of this criterion for the diagnosis 
of MLD patients. 

This method was later improved by 
Singh et al.’ We encountered monozy- 
gotie twins with symptoms of MLD 
and made a seroenzymatie study of 
the patients and their kin, totaling 15 
persons, by the method of Singh et al.’ 
Our data indicate that the examina- 
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tion of serum ASA levels is useful for 
the diagnosis of MLD. 


REPORT OF CASES 


Case 1.—The patient, a 21-month-old boy, 
was the first of monozygotic twins born to 
second-cousin parents (Fig 1). Nothing 
remarkable was noted during the mother's 
pregnancy nor at his birth. Estimated 
gestation was 10 months. Birth weight was 
2,400 gm. No remarkable abnormality was 
noted during the neonatal and infantile 
period. : 

Retardation of development was sus- 
pected at 18 months because of inability to 
walk. At 19 months, foot-drop was discov- 
ered and his sitting posture became unsta- 
ble. At 20 months, he had chicken pox and 
at this time the parents noticed that he was 
dull and that speech was slurred. Verbali- 
zation was decreased. Later the lower 
extremities became stiff with genu recur- 
vatum when standing with support. Ability 
to crawl deteriorated and tremor appeared. 
He was hospitalized. 

On admission the height was 79.4 cm 


(standard, 82.7 em), and weight 9.7 kg 
(standard, 11.2 kg). The patient appeared 
mentally retarded. There was no facial 
paralysis, but drooling was evident. Ocular 
movements were normal without nystag- 
mus. Pupillary light reflexes were normal. 
Movement of the upper limbs was normal. 
The lower limbs were in adduction posture 
and quite spastic. Muscle stretch reflexes 
were accentuated throughout. The Babin- 
ski sign was present on either side. Swal- 
lowing was normal. The patient seemed to 
understand language but spontaneous 
speech consisted of three words. 

The developmental index by the Tsumo- 
ri-Inage method stood at 70 (normal 100). 
Results of physical examination were 
otherwise unremarkable. 

Cask 2.—A 21-month-old boy, a monozy- 
gotic twin and a brother of the patient in 
case 1, weighed 2,400 gm at birth. Asphyxia 
was observed for about two minutes after 
birth, but the neonatal period was normal. 
The history of illness was regression in 
physical and mental activity almost identi- 
cal to that of the patient in case 1. On 


Identical Twins 


Q= Male O= Female += Death 
Ø Q Investigated ASA in Serum 





Fig 1.—Family tree. The marriage of parents is that between second cousins. 
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dard, 82.7 cm), and weight 10.2 kg (stan- 
Fingerprint dard, 11.2 kg). Other findings were almost 
the same as those in case 1. 


Left Hand Right Hand 
SUPPLEMENTAL STUDIES 
Type of fingerprint The parents were told by the attending 
Case 1 UL UL W UL UL UL obstetrician that there was one placenta 
Casa: 2- UL .UL--UL-- UL. UE- aL d that the infant ti 
Winding direction of fingerprint xe m 9 x. "Hep were, monozygotic 
Case1 U U U U U U twins. Fingerprints and blood type of the 
Case2 U U U U twins were examined for confirmation. 


No. of ridges 


According to Matsukura's classification‘ 


Total Genotype based on fingerprint pattern, an extremely 


Case 1 17 16 12 17 16 19 10 15 14 13 149 





Cue 2 292/48. 98 348 46. dT da. dT od > te ^ 483 high degree of similarity was observed. 
The two brothers were identical in all of 
Blood Type the blood types MN, ABO, P, and Rh, which 
positively suggested that they are monozy- 

MN ABO P gotic twins (Table). 
Case1 MN B The peripheral blood studies showed no 
Case2 MN B abnormality, nor was there vacuolization of 


*Findings suggest that patients are monozygotic twins. UL signifies ulnar loop; W, whorl; U, ulnar lymphocytes. The serum lactic dehy drogen- 
side; R, radial side. ase (LDH) and creatine phosphokinase 


(CPK) showed elevated values: LDH, 160 
ImU in case 1 and 186 ImU in case 2; CPK, 
73 IU in case 1 and 110 IU in case 2. No 
Serum Urine important abnormality was found in serum 
1 Unit of Activity = 1 Unit of Activity = electrolytes, serum protein fractions, or 
1 ug of Nitrocatechol Released 1 ug/hr/ml of Urine lipids of either. Fasting blood glucose and 
at 37° C/hr/dl of Serum thyroid function were normal in both. 
Urinalysis showed no abnormal findings; 
tests repeated several times were negative 
for metachromatic substances in urinary 
sediment. Cerebrospinal fluid showed no 
increase in cells. Total protein level was 
elevated, with values of 105 mg/dl and 98 
mg/dl, respectively, in the twins. Electro- 
cardiogram and chest roentgenogram were 
not remarkable, nor was there any 
substantial abnormality in sleep EEGs and 
ophthalmic findings. 

Peripheral motor nerve conduction veloc- 
ity in an ulnar nerve was slowed to 18.3 
m/s in one and to 15.3 m/s in the other. 
Pneumoencephalography and radioisotope 
cisternography showed no abnormal find- 
ings in either. 


MEASUREMENT OF. 
ARYLSULFATASE A ACTIVITY 


The ASA activity was determined in the 
sera from the patients, parents, and other 
relatives, a total of 15 persons (Fig 2). 
Venous blood collected from the antecubi- 
tal vein was centrifuged at 3,000 rpm for 15 
minutes and the serum was immediately 
stored frozen at —20 °C. The assays in this 
study were done within seven days after 
collection. Control samples from 11 healthy 
adults and 3 inpatients suspected of neuro- 
logic disease were used. 

The method of Singh et al' was employed 
to measure serum ASA activity. The serum 
ASA activity in the patients showed abnor- 
mally low values at 75 units/hr/dl and 80 
Fig 2.—Arylsulfatase A activity in serum and urine. units/hr/dl, respectively, compared with 
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the mean value of 264.8 + 146.9 units/ 
hr/dl (range, 152.5 to 720.0 units/hr/dl) in 
14 control persons. These findings were the 
basis for our presumptive diagnosis of 
MLD. 

As to the parents, they showed relatively 
lower values, with 100 units/hr/dl in the 
father and 152.5 units/hr/dl in the mother. 
But they could not thus be identified as 
factor carriers. None of their kin showed 
abnormally low values (Fig 2 [left]). 

The ASA activity in urine was measured 
according to the method of Baum et al," 
with some modification. The ASA activity 
in urine was hardly detectable in the 
patients. Urine specimens of five healthy 
adults were used as controls. The parents 
showed values midway between the pa- 
tients and the control, which strongly 
suggested that they are heterozygous 
carriers (Fig 2 [right ]). 


COMMENT 


Metachromatic leukodystrophy is 
classified into infant, juvenile, and 
adult type according to age at onset of 
symptoms. This disease is thought to 
be characterized by autosomal reces- 
sive inheritance. Examination of the 
pedigree in our case leads to a similar 
conclusion. Occurrence of MLD among 
siblings has been reported,'' but the 
present report seems to represent the 
first instance of this disease in mono- 
zygotic twins. 

Metachromatic leukodystrophy was 
characterized by Jatzkewitz (1958) 
and Austin (1959)'* as a disorder in 
which an excessive amount of cerebro- 
side sulfate is accumulated in the 
brain of patients and these authors 
designated the condition as a sulfatide 
lipidosis. 

In 1965, Austin et al'* found that the 
ASA activity in the brain, liver, and 
kidney of patients was substantially 
decreased and proposed that ASA 
deficiency in urine may be used for 

diagnostic purpose.'® 
.. In 1968, Percy et al'* found that the 
ASA activity of peripheral leukocytes 
of the MLD patients was extremely 
low and that a factor carrier showed a 
value midway between patients and 
healthy persons. They proposed that 
the assay of ASA activity in leuko- 
cytes is useful for the diagnosis of 
MLD. 

In 1969, Porter et al” reported that 
cultured fibroblast cells from the skin 
of MLD patients also manifested the 
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ASA activity deficiency, and this find- 
ing is now used as a diagnostic proce- 
dure. However, culturing of fibro- 
blasts cannot be recommended as a 
routine diagnostic test, since it is 
quite time-consuming and requires 
special techniques. 

Although the presence of arylsulfa- 
tase A and B in serum has been known 
for some time, no study was made on 
the ASA activity in serum of MLD 
patients until 1973 when Beratis et al* 
measured ASA in serum of MLD 
patients, their parents, and siblings. 
Their data showed that the values of 
four MLD patients and normal control 
persons were clearly different. How- 
ever, they suggested that additional 
enzyme assays with peripheral leuko- 
cytes and cultured fibroblasts are 
necessary to differentiate heterozy- 
gous carriers of the disease from 
normal controls. The original method 
of Beratis et al^ for the serum ASA 
assay is not reliable, since the addition 
of NaOH causes turbidity in the assay 
mixture. Singh et al' published a 
modified method whereby a small 
amount of ethylenediaminetetraacet- 
ic acid is added so as to prevent precip- 
itate formation; they claimed it to be a 
rapid and accurate method for mea- 
suring serum ASA. 

We assayed ASA in the sera of 
patients, parents, their 11 kin, and 14 
control persons by the method of 
Singh et al; The ASA activity in 
serum of patients showed abnormally 
low values compared with those of 
controls and there was no overlap of 
values of the patients and those of the 
controls; thus, we supported the diag- 
nosis of MLD. The ASA activity in 
serum of the parents was found to be 
relatively low, but they could not be 
identified as factor carriers with this 
criterion alone. None of their kin 
showed any significant deviation 
from the control values. 

We also assayed the urinary ASA 
activity according to the method of 
Baum et al." Both of the patients 
showed negligible activity, leading to 
the suspicion of a carrier state. 
However, the urinary ASA activity 
has proved useful only as a semiquan- 
titative screening test, since it is 
affected by many variables.'^ 5:9? 

The assay of serum ASA activity 


can be recommended as a simple and 
reliable method for the diagnosis of 
MLD, requiring only a small amount 
of serum, low cost, and little time. 
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(omori's Trichrome Stain 


* We report the use of Gomori's one- 
step trichrome stain as a method for stain- 
ing myelin sheaths of peripheral nerves. 
The stain is simple to perform and allows 
myelin sheaths to be easily detected and 
evaluated. 

(Arch Neurol 35:692, 1978) 


| ni: the amount of myelin 
present in a peripheral nerve 
biopsy or in a nerve at autopsy can be 
a difficult problem. Ideally, the luxol 
fast blue, cresylecht violet, and Bodian 


Its Use With Myelin Sheaths 


Margaret L. Grunnet, MD 


paraffin sections at 6 y; solutions, 
Bouin's solution; and trichrome stain 
includes chromotrope 2R (0.6 g), light 
green, SF yellowish (0.3 g), glacial 
acetic acid (1.0 ml), phosphotungstic 
acid (0.8 g), and distilled water (100.0 
ml), aniline blue may be substituted 
for light green if it is more desirable 
to have collagen stained blue. 


STAINING PROCEDURE 


First, deparaffinize and hydrate to 
distilled water. Then, place the speci- 


in 60% toluene (Permount or Histo- 
clad). 


RESULTS 


Fig 1 shows a normal peripheral 
nerve stained with hematoxylin and 
eosin. It is diffieult to discern individ- 
ual myelin sheaths in this photomicro- 
graph. Fig 2 is the same normal 
peripheral nerve stained by Gomori's 
one-step trichrome method. Individual 
myelin sheaths, stained red, stand out 
well against a background of green 
connective tissue. The difference in 


2. Lillie RD: Histopathologic Technic and 


stains should be used. However, when a Milt, 
these stains are not done routinely by =i Hooma matoi: in an oven at — ease of detection of myelin sheaths 
3 : 56 °C for one hour. Third, wash it well ‘th th t ine i 

| the pathologist they are difficult to — w1 ese two stains is even more 
^ iy in running water or until the yellow ossis "7c d d kengi 
2 perform correctly. Moreover, it is also ; ; SEF noticeable ın damaged  periphera 
¥ : color disappears. Stain the nuclei with Retna efi Od teh 
o difficult at times to differentiate the iia EC" POLES «WEE. DUE sere BSE Eee 
r ait Weigert's acid iron chloride hematox- bri T iu at ad li 
3 blue of connective tissue from the blue . +) . wa BASE ee a 
E alee ylin or Gomori’s chromium hematoxy- EES TREE" 
^ of myelin in a severely damaged lin solution for ten minutes. Finall Ma Fai: qi Ein cuir i omina 
P nerve. We have found that the modi- ME onu ? quite obvious, making relatively sim- 
; fied Gomori's trichrome stain is useful ple the diagnosis of a peripheral 
as a myelin stain. . METHODS FOR neuropathy and estimating its severi- 
! Most commonly, the modified Go- CONNECTIVE TISSUE ty. 

mori's one-step trichrome stain is used References 
fi for study of frozen sections of striated Trichrome stain the specimen for 15 
1 muscle from biopsy specimens. It to 20 minutes. Place it in 0.5% glacial 1. Gomori G: A rapid one-step trichrome stain. 
pr stains connective tissue green, muscle acetic water for two minutes. Then rd od rd use 








and cytoplasm red, and nuclei grey- 
blue.^? However, it also stains myelin 
bright red, causing the myelin to 
stand out against the green connec- 
tive tissue, making it easy to deter- 
mine the amount of myelin present. 
Inflammatory cells are also relatively 
easy to identify. The following is the 
staining method used in our laborato- 
ry: fixation, 10% buffered neutral 
formaldehyde solution; technique, eut 


Accepted for publication Dec 12, 1977. 

From the Departments of Neurology and 
Pathology, University of Utah College of Medi- 
cine, Salt Lake City. 

Reprint requests to Departments of Neurology 
and Pathology, University of Utah College of 
Medicine, 50 N Medical Dr, Salt Lake City, UT 
84132 (Dr Grunnet). 
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dehydrate it in 95% alcohol, absolute 
aleohol, and clear it in xylene, with 
two changes each. Finally, mount the 
specimen with beta pinene polymere 





Fig 1.—Peripheral nerve (hematoxylin- 
eosin, original magnification x 250). 


Practical Histochemistry. New York, McGraw- 
Hill Book Co, 1965, p 547. 

3. Thompson SW: Selected Histochemical and 
Histopathological Methods. Springfield, Ill, 
Charles C Thomas Publishers, 1966, p 788. 





Fig 2.—Peripheral nerve (modified Gomo- 
ri's trichrome method, original magnifica- 
tion x 250). 


Gomori's Trichrome Stain—Grunnet 





Letters to the Editor 


Possible Interactions Between 
Rabies Vaccination and a 
Progressive Degenerative CNS 
Disease 


To the Editor.—The similarities be- 
tween postvaccinal encephalomyelitis 
and the progressive form of multiple 
sclerosis have been described.'* The 
following case illustrates the difficul- 
ties in separating these entities on 
clinical and laboratory grounds. A 
history of rabies vaccination four 
years prior to the onset of neurologic 
symptoms provides the interest for 
this letter. 


Report of a Case.—A 24-year-old man had 
been bitten by a rabid cat at age 10 years 
and received 14 intra-abdominal injections 
- of Semple vaccine, starting two days after 
the bite. No reactions to the vaccine were 
noted. It is not known whether the patient 
received equine serum immune globulin. 
Four years later, symptoms of a slowly 
progressive CNS disease developed, char- 
acterized initially by visual disturbances 
and dementia, followed by ataxia, abnor- 
mal involuntary movements, and a pro- 
found short-term memory loss after 19 
years of age. 

When last seen at the National Insti- 
tutes of Health in January 1977, the 
patient’s general physical examination 
gave normal findings. No Kayser-Fleischer 
rings were seen by slit-lamp examination. 
Neurologic examination disclosed a dis- 
oriented, alert, dysarthric young man who 
did not remember a lumbar puncture one to 
two minutes after its completion. Bilateral 
optic atrophy, bilateral internuclear oph- 
thalmoplegia, continuous abnormal invol- 
untary movements while awake, and a 
gross truncal and appendicular cerebellar 
deficit were noted. Sensory examination 
and strength were normal. Muscle stretch 
reflexes were brisk in the lower extremi- 
ties and normal in the upper extremities. 
No ankle clonus or Babinski’s signs were 
. elicited. Superficial abdominal reflexes 
were absent. 

Laboratory studies showed a persistent 
CSF pleocytosis, mildly elevated CSF 
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protein level, and four bands of oligoclonal 
IgG. Serum protein electrophoresis was 
normal. Serum copper and ceruloplasmin 
values were normal. Viral antibody titers 
in serum and CSF against rubella and 
rubeola were not significantly elevated.’ 
Rabies neutralization titers were less than 
1:5 in serum and CSF. 


Comment.—The association of a 
multiple sclerosis-like illness in a 
patient with exposure to a nervous 
tissue-derived antirabies vaccine, plus 
CSF pleocytosis and oligoclonal IgG, 
allow the speculation that the altered 
CNS immune state is related to the 
vaccine. The incubation period from 
vaccination to onset of neurologic 
symptoms in this patient was far 
longer than that in other cases 
reported in the literature.^* One 
exception is the report by Zinchenko,’ 
in which 12 of 458 patients with 
disseminated sclerosis had a history of 
antirabies vaccination 2 to 20 years 
prior to any neurologic symptoms. The 
course of the illness in these 12 
patients was chronic and progressive, 
and none gave a history of antirabies 
vaccination prior to direct and careful 
questioning. 

Demyelinating illness probably re- 
quires an antigenic stimulus to trig- 
ger it 2nd an altered immune state to 
perpetuate it. Careful historical ques- 
tioning may provide direction for 
further investigations in similar 
cases. 

D. E. BRITTON, MD 

S. A. Hourr, MD 

R. M. EIBEN, MD 

Bldg 10, Rm 4N-248 

National Institutes of Health 
Bethesda, Md 20014 
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Spinal Epidural Hematoma Due to 
Heparin 


To the Editor.—Heparin prevents the 
activation of the intrinsic coagulation 
pathway, inhibits the thrombin-me- 
diated conversion of fibrinogen to 
fibrin, and at high dosages inhibits 
the aggregation of platelets. Uncom- 
monly, thrombocytopenia can occur. 
Bleeding complicates the use of hepa- 
rin in 3% to 33% of patients, an inci- 
dence higher than that occurring with 
the use of oral anticoagulants.’ 

Careful review of the English 
language medical literature failed to 
disclose a report of a spinal epidural 
hematoma complicating the use of 
heparin, unless a previous spinal tap 
had been performed. There have 
been two case reports describing the 
development of spinal epidural hema- 
tomas following lumbar puncture. In 
both, the procedure was performed 
shortly before starting heparin ad- 
ministration.** 


Report of a Case.—A 21-year-old man was 
admitted to a Tucson, Ariz, hospital in J uly 
1978 with thrombophlebitis of the lower 
extremities, a condition that had been 
recurrent and complicated by pulmonary 
emboli since the age of 17. 

His maternal grandfather, maternal 
grandmother, and mother all died with 
undefined hypercoagulability states. His 
father developed a brain stem stroke. 

Heparin, 15,000 units every four hours 
subcutaneously, was administered. Re- 
peated phlebography did not show im- 
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provement. A trial of thrombolytic therapy 
was also unsuccessful. The heparin dosage 
was reduced to 15,000 units every eight 
hours; at this dosage, the activated partial 
thromboplastin time was more than two 
minutes (control, 15.2 seconds), the pro- 
thrombin time was 18 seconds (control, 12.7 
seconds), and the fibrinogen level was 175 
mg/dl (normal, 150 to 3,000 mg/dl). 

Approximately one month following ad- 
mission and while still receiving heparin, 
the patient noticed back pain. Five days 
later, he complained of severe neck pain 
and inability to extend the arms, and with- 
in a day was unable to move his extremi- 
ties. 

Neurologic examination disclosed a 
quadriplegia to the level of C-5 and a 
sensory level to T-2. Protamine was imme- 
diately administered intravenously. An 
emergency lumbar myelogram failed due 
to local hemorrhage. A cisternal myelo- 
gram confirmed a C2-3 block. Respiratory 
failure developed acutely. Laminectomy 
confirmed the presence of an anterior 
epidural hematoma. 

Postoperatively the patient slowly im- 
proved, remaining paraplegic to the T-4 
level. 


Comment.—This patient is also unu- 
sual because of the family history of 
hypercoagulability. He and other 
family members had neither clotting 
factors above the normal range nor a 
significant defect in the fibrinolytic 
pathway. 

C. R. BAMFORD, MD 
Univ of Ariz 
Tueson, AZ 85724 
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Crossed Aphasia in a Chinese 
Bilingual Dextral 


To the Editor.-l found the article 
about crossed aphasia appearing in a 
man with a right cerebral infarction 
most interesting (Arch Neurol 34:166, 
1977). I believe it was well studied and 
clearly demonstrates crossed aphasia 
with significant impairment in this 
man’s native Chinese, more so than in 
his secondary language, English. I 
disagree most strongly with the state- 
ment that this could be related to his 
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early learning of Chinese, an ideo- 
graphic language based on visual 
spatial percepts. 

Although written Chinese utilizes a 
complex set of nonalphabetized ideo- 
graphic symbols, in sharp contrast to 
other languages with alphabets that 
utilize an abstract set of symbols of 
more or less phonetic value, the spo- 
ken Chinese is basically no different 
than any other language in that its 
symbols are purely auditory. No visual 
spatial concepts are required. Blind 
Chinese children learn Chinese as 
blind children of any linguistic group 
learn their mother tongue. In addi- 
tion, one might further comment that 
all languages require visual spatial 
concepts. In the process of writing or 
reading, two dimensions are utilized 
(the only one-dimensional writing sys- 
tem would probably be the Morse 
code). Perhaps the authors were 
suggesting that in the process of 
learning to write Chinese, increased 
use of right hemisphere functions 
involving spatial concepts was neces- 
sary; this would be true with any 
writing system. 

The ability to learn to read, write, 
and speak two or more languages is of 
great interest to linguists and neurol- 
ogists alike, but I fail to see how the 
Chinese in particular might have 
contributed to this man’s crossed 
aphasia. I think it would be most 
intriguing to see the frequency in 
which crossed aphasia occurs in China. 
The handedness of the Chinese is 
comparable to any other population 
group, as recently pointed out in a 
study in Science. It has always been 
intriguing to me to deal with patients 
who speak several languages. I well 
remember a sad case of a woman who, 
while terminally ill with carcinoma of 
the pancreas (no demonstrable brain 
metastases), forgot how to speak her 
secondary language, English, which 
she had spoken for 20 years, and 
reverted to her native Dutch, greatly 
compounding not only communication 
problems, but the agony of her 
English-speaking family during her 
final days while she remained appar- 
ently reasonably alert, oriented, and 
lucid. 

C. A. WINTERLING, MD 
107 N State St 
Concord, NH 03301 


In Reply.—We have read Dr Winter- 
ling’s comments with appreciation. 
The speculation we offered relating 
original Chinese language experience 


to crossed aphasia must be viewed 
with caution as only one possible 
factor among others. We stated that 
this linguistic factor could not be the 
unique one for the same reason 
offered by Dr Winterling—namely, 
the paucity of cases of crossed aphasia 
in Chinese patients or any other 
patient group. His reference to the 
article in Science’ is relevant in show- 
ing that the incidence of right- 
handedness in Chinese is not signifi- 
cantly different from that in Cauca- 
sians. In any individual, multiple 
factors—genetic, pathologie, and oth- 
ers—are probably responsible for de- 
termining specific cerebral organiza- 
tion of speech-language functions and 
handedness. 

Even though differences in cogni- 
tive experience have been correlated 
with structural and functional proper- 
ties of developing cortical neurons in 
the cat visual system,’ one can only 
speculate about possible relationships 
between early language experience 
and hemispheric organization in man. 
The difference between the internal 
linguistic structures of the Chinese 
and English languages is well known.? 
Thinking along these lines, we refer to 
the studies of Japanese aphasics that 
suggest there might be independent 
brain regions for phonetic (Kana) and 
ideographic (Kanji) processing.* 

Finally, we believe that the many 
known examples of preferential loss 
of the native language in bilingual 
aphasics render invalid the so-called 
law of Pitres. It is not known why one 
language is retained or lost in differ- 
ent cases and no biological explana- 
tion can be given to justify the trend’s 
being conceptualized as a law in the 
physicochemical sense. 

R. S. APRIL, MD 
Dept of Neurol 

NY Med Coll 

New York, NY 10017 
P. C. Tsk, MD 

VA Hospital 
Brooklyn, NY 11209 
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Calendar and News 


1978 

Oct 67 
16-20 
19-21 
22-25 
26-28 

Oct 29 -Nov 2 

Nov 5-9 
13-14 
16-17 

Dec 11-15 

1979 

Jan 22-26 

Feb 8-10 
11-24 
22-25 


Symposium on Cerebral Blood Flow 
and Metabolism.—The ninth interna- 
tional symposium on cerebral blood 
flow and metabolism will be held in 
, Tokyo, May 28 to June 1, 1979. For 
further information contact Confer- 
ence Office, c/o Fumio Gotoh, MD, 
Department of Neurology, Keio Uni- 
versity School of Medicine, 35 Shina- 
nomachi, Shinjuku-ku, Tokyo, Japan. 


Symposium on Minimal Brain Dys- 
function, Hyperactivity, and Learning 
Disabilities.— A symposium on minimal 
brain dysfunction, hyperactivity, and 
learning disabilities will be held in 
Buffalo, NY, on Nov 16-17, 1978. An 
international panel will participate. 
The program is sponsored by the Divi- 
sion of Child Neurology at the State 
University of New York at Buffalo, 
; School of Medicine. The fee is $20. For 
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CALENDAR OF MEETINGS 1978-1979 


American Association of Electromyography and Electro- 
diagnosis, 25th annual meeting, Stouffer's Riverfront 
Towers, St Louis 

The Second International Food Allergy Symposium, Mexico 
City 

Central Neuropsychiatric Association, annual meeting, 
Greenbrier Hotel, White Sulphur Springs, WVa 

American Academy of Neurological Surgery, annual meet- 
ing, Munich, Germany 

Southern EEG Society, annual meeting, Atlanta 

The second annual meeting of the Society for Computerized 
Tomography and Neuro-Imaging, Sea Pines Plantation, 
Hilton Head Island, SC 

Society for Neuroscience, annual meeting, St Louis Conven- 
tion Center, St Louis 

The Fourth International Symposium On Wilson's Disease, 
Buenos Aires, Argentina 

Symposium on Minimal Brain Dysfunction, Hyperactivity, 
and Learning Disabilities, Buffalo 

Neurosurgery-New York City 1978, Roosevelt Hotel and the 
Neurological Institute, New York 


Southern Clinical Neurological Society, Pier 66 Hotel, Ft 
Lauderdale, Fla 

Fourth Annual International Joint Stroke Conference. 
Hyatt Regency Hotel, Phoenix, Ariz 

Winter Seminar in Neurology and Neurosurgery, Cortina, 
Italy and Chamonix, France 

The Federation of Western Societies of Neurological 
Sciences, Mountain Shadows, Scottsdale, Ariz 


further information contact Child 


further information contact Loraine 


Neurology, Children’s Hospital, 219 
Bryant St, Buffalo, NY, 14222; tele- 
phone, (716)878-7325. 


Visual Electrodiagnosis in Clinical 
Practice.—A postgraduate course is to 
be held Oct 14, 1978, at the Postgrad- 
uate School of the Mount Sinai School 
of Medicine, 1 Gustave L. Levy Pl, 
New York, NY 10029. Contact Direc- 
tor, Mrs Minerva L. Brown. 


Language and Communication in the 
Elderly.- The Department of Neurolo- 
gy of the Boston University Medical 
School is sponsoring a conference on 
language and communication in the 
elderly to be held at the Colonnade 
Hotel in Boston, on May 5-6, 1979. 
Authors are invited to submit 500- 
word abstracts by Nov 1, 1978. For 


Obler, PhD, or Martin Albert, MD, 
Department of Neurology, Boston VA 
Hospital, Boston, MA 02130. 


Cerebral  Palsy.-A postgraduate 
course on cerebral palsy will be held at 
the Cleveland Clinie, Nov 1, 1978. 
Contact A. David Rothner, MD, Cleve- 
land Clinic Foundation, 9500 Euclid 
Ave, Cleveland, OH 44106. 


Southern Clinical Neurological Soci- 
ety.-New officers elected to the 
Southern Clinical Neurological Society 
are Dr B. L. Bercaw, president; Dr A. 
B. Harrelson, vice-president; Dr B. J. 
Wilder, secretary-treasurer; and Dr R. 
Wilson, Dr E. Hogan, Dr R. Talbert, 
and Dr R. Rangel, counselors. The 
next meeting will be Jan 22-26, 1979, 
at the Pier 66 Hotel in Ft Lauderdale, 
Fla. 
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Notes From NINCDS 


Institute Director Dr Donald B. 
Tower said, “The proposed sizeable 
increase in the NINCDS budget 
should enable us to fund research at a 
more appropriate level than has been 
possible in previous years. In large 
part, the House and Senate subcom- 
mittee’s proposed increase reflects the 
successful efforts of voluntary and 
professional organizations in empha- 
sizing to Congress the importance of 
research on neurological and commu- 
nicative sciences and disorders.” 

The NINCDS advisory council rec- 
ommended funding of 153 research 
grants at $9.5 million at its May meet- 
ing. The council also recommended 
funding of 16 Research Career Devel- 
opment Awards (all to PhDs); 11 
Teacher Investigator. Development 
Awards (four to PhDs and seven to 
MDs); and 97 Individual National 
Research Service Awards. Of the 
latter, 82 recipients are PhDs, ten are 
MDs, one is an MD, PhD, and four are 
listed in the "other" category. Appli- 
cations for Institutional National Re- 
search Service Awards are considered 


Books 


Books Received 


Neural Modeling: Electrical Signal Processing in 
the Nervous System, by Ronald MacGregor and 
Edwin R. Lewis, 413 pp, $25, New York, Plenum 
Press Inc, 1977. 


The Nervous System, vol 1, and Cellular Biology 
of Neurons, vol 2, edited by Eric R. Kandel, 1,182 
pp, $135, San Francisco, American Physiological 
Society, 1977. 


Computerized Cranial Tomography, edited by 
Benjamin Felson, 146 pp, $18.50, New York, 
Grune & Stratton Inc, 1977. 


Topics in Child Neurology, edited by Michael E. 
Blaw, 343 pp, $25, New York, Spectrum Publica- 
tions, 1977. 


Philosophical Medical Ethics: Its Nature and 
Significance, edited by Stuart F. Spicker and H. 
Tristram Englehardt, Jr, 252 pp, $19.50, Dor- 
drecht, Netherlands, Reidel Publishing Co, 1977. 


Neurology of Childhood Learning Disorders, ed 2, 
by Richard J. Schain, 156 pp, $14.95, Baltimore, 
Williams & Wilkins, 1977. 


Clinical Concepts of Neurological Disorders, 
edited by James F. Toole, 294 pp, $22.95, Balti- 
more, Williams & Wilkins, 1977. 


Methods in Psychobiology, vol 3, (Advanced 
Laboratory Techniques in Neuropsychology and 
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only at the council’s January meet- 
ing. 

K. Kenneth Hisaoka Dies.—Dr K. 
Kenneth Hisaoka, the institute's ex- 
tramural activities program director 
for the past year, died May 26, 1978, of 
cancer at the National Institutes of 
Health (NIH) Clinieal Center. He was 
53 years old. The NINCDS is seeking a 
replacement. Currently Dr J Buck- 
minster Ranney is the acting direc- 
tor. 

“Fundamentals of Stroke Care.”— 
This new guide for physicians and 
hospital staff members who care for 
stroke patients is available from the 
NINCDS. The volume contains up- 
dated versions of reports published by 
the Joint Committee for Stroke Facil- 
ities as a series in the journal Stroke 
between 1972 and 1975. Edited by A. 
L. Sahs and E. C. Hartman, “Funda- 
mentals” is intended as a more 
detailed companion to “Guidelines for 
Stroke Care,” published last year by 
the same group. 

The two publications are the culmi- 
nation of a ten-year effort by the 
Joint Committee for Stroke Facilities 
to provide authoritative guidance in 


Neurobiology), edited by R. D. Myers, 339 pp, $20, 
New York, Academic Press Inc, 1977. 


Persistent Pain: Modern Methods of Treatment, 
vol 1, edited by Sampson Litton, 272 pp, $20.50, 
New York, Academic Press/Grune & Stratton 
Inc, 1977. 


Scientific Approach to Clinical Neurology, 2 vols, 
edited by Eli S. Goldensohn and Stanley H. 
Appel, 2,040 pp, $230, Philadelphia, Lea & Febi- 
ger Publishers, 1977. 


A Clinician s View of Neuromuscular Disease, 
edited by Michael H. Brooke, 225 pp, Baltimore, 
Williams & Wilkins, 1977. 


Pineal Tumors, edited by Henry H. Schmidek, 
138 pp, 50 illus, New York, Masson, 1977. 


A Manual of Neurosurgery, by Marshall B. Allen, 
Jr, et al, 282 pp, $24.95, Baltimore University 
Park Press, 1978. 


Neurological Classics in Modern Translation, 
edited by David A. Rottenberg and Fred H. 
Hockberg, 316 pp, $22.50, New York, Hafner 
Publishing Co Ine, 1977. 


Central Auditory Dysfunction, edited by Robert 
W. Keith, 381 pp, $13.50, New York, Grune & 
Stratton Ine, 1977. 


Musculoskeletal Disorders: Regional Examina- 
tion and Differential Diagnosis, edited by Robert 


stroke care. The joint committee, 
composed of representatives of 17 
national, professional, and voluntary 
organizations, was spearheaded by 
the American Neurological Associa- 
tion and funded by the Regional Medi- 
cal Programs Service and the 
NINCDS. 

The spectrum covered in "Funda- 
mentals" includes epidemiology, clini- 
cal prevention, transient focal cere- 
bral ischemia, laboratory evaluation 
of strokes, and medical and surgical 
management. Also reviewed are spe- 
cial procedures and equipment, nurs- 
ing care, rehabilitation, and strokes in 
children. Lastly, community health 
services, training, manpower and re- 
search, and the value of the hospital 
care for the stroke patient are 
discussed. 

Single copies of "Fundamentals" 
are available from NINCDS. When 
the institute's supply runs out, copies 
may be purchased from the Govern- 
ment Printing Office for $6.50. The 
institute has a small supply of the 
earlier handbook, "Guidelines," and 
will accommodate requests for single 
copies. 


D. Ambrosia, 542 pp, Philadelphia, JB Lippincott 
Co, 1977. 


Anticonvulsants, vol 15, edited by Julius A. Vida, 
638 pp, New York Academic Press Inc, 1977. 


Biofeedback and Behavior, edited by Jackson 
Beatty and Heiner Legewie, 531 pp, $37.50, New 
York, Plenum Press Inc, 1976. 


Multiple Sclerosis: A Critical Conspectus, edited 
by E. J. Field, 265 pp, $24.50, University Park 
Press, 1977. 


Desk Reference for Neuroanatomy: A Guide to 
Essential Terms, by Isabel Lockard, 157 pp, $12.80, 
Berlin, Springer-Verlag, 1972. 


Psychiatric Medicine, edited by Gene Usdin, 522 
pp, $20, New York, Brunner/Mazel, 1977. 


Muscular Dystrophy 1976, edited by Gordon C. 
Robin and George Falewski de Leon, 153 pp, 73 
illus, $21.25, Basel, Switzerland, S. Karger, 1977. 


Hypothalamic Peptide Hormones and Pituitary 
Regulation, edited by John C. Porter, 366 pp, 
$32.50, New York, Plenum Press Inc, 1977. 


Protein Metabolism of the Brain, edited by A. V. 
Palladin, Ya V Belik, and N. M. Polyakova, 335 
pp, $35, New York, Consultants Bureau, 1977. 


Cyclic 3', 5'-Nucleotides: Mechanisms of Action, 
edited by Hinrich Cramer, 554 pp, New York, 
John Wiley & Sons, 1977. 
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They thought Ed Sloan 
was just tired... 


maybe he had narcolepsy 


A narcoleptic can fall “All too often, the patient with 
asleep almost anywhere, any- disabling hypersomnolence is 
time. The results canbeat ^ ignored by physicians for 

- least embarrassing...at most years and even decades, with 
devastating. the consequent tragic toll on 
his ability to learn and to work.”’ 





Narcolepsy is often ay i 
unrecognized Ritalin can help in 
As a primary sleep ab- narcolepsy 
normality narcolepsy is For narcoleptic sleepiness 


characterized by sleepiness, and sleep episodes, the cited 
_ inappropriate sleep episodes, authorities ^^ most frequently 
| and cataplexy (episodes of Use Ritalin (methylphenidate). 
| muscular weakness precipi- — Ls. 
tated by strong emotion). 1. Dement WC, Carskadon MA, Guilleminault C. 
These are often accompanied Piman Care 3.609.023 December i976. 
by hypnagogic hallucinations, 5,777,555, vols The tpiepsies, Magnus O 
OO, .. His e E ON REE. 
isturbed nocturnal sleep. Vid SO pa EE 
Sleep apnea may be a severe 
life-threatening complication 
of narcolepsy. 
Besides its medical impli- 
cations, narcolepsy may have 
drastic social consequences. 
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omputerized transaxial tomography (CT scan) is an important new noninvasive technique 
hat can help in determining the etiology of epileptic seizures. Shown here is a single slice 
rom a color-enhanced CT scan of the brain of a patient with epilepsy. The absence of vasculai 
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A proven way 
to start seizure control 


MYSOLIN E 


(primid one) serez 
A single entity with multiple 
anticonvulsant properties. 


Primidone itself has anticonvulsant activity. In addition, its major metabolite, 
phenylethylmalonamide (PEMA), exerts an anticonvulsant effect of its own 
and also enhances the anticonvulsant action of the second metabolite, pheno- 
barbital. In patients refractory to phenytoin and phenobarbital, primidone 
may prove effective as the sole therapy. ; 





Multiple indications—grand mal, 
psychomotor, and focal epileptic seizures 


In grand mal, MYSOLINE is comparable in efficacy to phenytoin and 
phenobarbital.” In psychomotor seizures, phenobarbital is rarely effective.’ 
In focal seizures, phenytoin used alone is not indicated^— and, according to 
Forster? MYSOLINE is markedly more effective than phenobarbital, which 
should dispel the misconception that MYSOLINE is “just a phenobarbital.” 
(See chart below.) 





Agent Grand Mal Psychomotor Focal 
Efficacy ratings* Mysoline LLL ++++ ++++ 
of anticonvulsants VON ED Sm 
: : ydantoinates 
in epilepsy (nbnvioin) dk EH nex dea 
Barbiturates 
(phenobarbital ) ae Mid T 


* Relative effectiveness. + +++ being most effective. 
Adapted from Forster, F. M.3 


Consider it first for major motor epilepsies 


MY S OLINE (primidone) 


See next page for Brief Summary and references. 











Start seizure control with 





MYSOLIN ag en 


Initial dose in children over 8 years of age 
and adults: 250 mg daily at bedtime 


BRIEF SUMMARY 

(For full prescribing information. see package circular) 
MYSOLINE® 

Brand of PRIMIDONE Anticonvulsant 


ACTIONS: MYSOLINE raises electro- or chemo- 
shock seizure thresholds or alters seizure patterns in 
experimental animals. The mechanism(s) of 
primidone’s antiepileptic action is not known. 


Primidone per se has anticonvulsant activity as do its 
two metabolites. phenobarbital and phenylethylmal- 
onamide (PEMA). In addition to its anticonvulsant 
activity, PEMA potentiates that of phenobarbital in 
experimental animals. 


INDICATIONS: MYSOLINE. either alone or used 
concomitantly with other anticonvulsants, is indicated 
in the control of grand mal. psychomotor. and focal 
epileptic seizures. It may control grand mal seizures 
refractory to other anticonvulsant therapy. 


CONTRAINDICATIONS: Primidone is contraindi- 
cated in: 1) patients with porphyria and 2) patients who 
are hypersensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes 
several weeks before it can be assessed. 


Usage in pregnancy: The effects of MYSOLINE in 
human pregnancy and nursing infants are unknown. 


Recent reports suggest an association between the use 
of anticonvulsant drugs by women with epilepsy and 
an elevated incidence of birth defects in children born 
to these women. Data are more extensive with respect 
to diphenylhydantoin and phenobarbital. but these are 
also the most commonly prescribed anticonvulsants; 
less systematic or anecdotal reports suggest a possible 
similar association with the use of all known anticon- 
vulsant drugs. 


The reports suggesting an elevated incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodologic problems in obtaining adequate data on 
drug teratogenicity ir humans: the possibility also 
exists that other factors. e.g.. genetic factors or the 
epileptic condition itself. may be more important than 
drug therapy in leading to birth defects. The great 
majority of mothers on anticonvulsant medication de- 
liver normal infants. It is important to note that anticon- 
vulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major sei- 
zures because of the strong possibility of precipitating 
status epilepticus with attendant hypoxia and threat to 
life. In individual cases where the severity and fre- 
quency of the seizure disorder are such that the re- 
moval of medication does not pose a serious threat to 
the patient, discontinuation of the drug may be consid- 
ered prior to and during pregnancy. although it cannot 
be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or 
fetus. 


The prescribing physician will wish to weigh these con- 
siderations in treating or counseling epileptic women of 
childbearing potential. 


Neonatal hemorrhage. with a coagulation defect re- 
sembling vitamin K deficiency. has been described in 
newborns whose mothers were taking primidone and 
other anticonvulsants. Pregnant women under anti- 
convulsant therapy should receive prophylactic vita- 
min K, therapy for one month prior to. and during. 
delivery. 

PRECAUTIONS: The total daily dosage should not 
exceed 2 g. Since MYSOLINE therapy generally ex- 
tends over prolonged periods, a complete blood count 
and a sequential multiple analysis-12 (SMA-12) test 
should be made every six months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in 


substantial quantities. Since tests for the presence of 
primidone in biological fluids are too complex to be 
carried out in the average clinical laboratory. it is 
suggested that the presence of undue somnolence and 
drowsiness in nursing newborns of MYSOLINE- 
treated mothers be taken as an indication that nursing 
should be discontinued. 


ADVERSE REACTIONS: The most frequently oc- 
curring early side effects are ataxia and vertigo. These 
tend to disappear with continued therapy. or with re- 
duction of initial dosage. Occasionally. the following 
have been reported: nausea. anorexia, vomiting. 
fatigue. hyperirritability. emotional disturbances. sex- 
ual impotency. diplopia, nystagmus, drowsiness. and 
morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the 
drug. Megaloblastic anemia may occur as a rare 
idiosyncrasy to MYSOLINE and to other anticonvul- 
sants. The anemia responds to folic acid without neces- 
sity of discontinuing medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 g per day. The initial dose is 
250 mg. Increments of 250 mg are added. usually at 
weekly intervals, to tolerance. or therapeutic effective- 
ness. up to daily doses not exceeding 2.0 g. A typical 
dosage schedule for the introduction of MYSOLINE is 
as follows: 


Adults and Children Over 8 Years of Age 


Ist Week 2nd Week 

250 mg daily at bedtime 250 mg b.i.d. 
3rd Week 4th Week 

250 mg t.i.d. 250 mg q.i.d. 






In children under 8 years of age. maintenance levels 
are established by a similar schedule. but at one-half 
the adult dosage. It is best to begin with 125 mg. with 
gradual weekly increases of 125 mg a day. to a daily 
total usually between 500 mg and 750 mg. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage 
of the other drug(s) is maintained or gradually de- 
creased. This regimen should be continued until satis- 
factory dosage levelis achieved for combination, or the 
other medication is completely withdrawn. When 
therapy with this product alone is the objective. the 
transition should not be completed in less than two 
weeks. 


MYSOLINE 50 mg Tablet can be used to practical 
advantage when small fractional adjustments (upward 
or downward) may be required. as in the following 
circumstances: for initiation of combination therapy: 
during "transfer" therapy: for added protection in 
periods of stress or stressful situations that are likely to 
precipitate seizures (menstruation, allergic episodes. 
holidays. etc.). 

HOW SUPPLIED: MYSOLINE Tablets—No. 430 
—Each tablet contains 250 mg of primidone (scored), 
in bottles of 100 and 1,000. Also in unit dose package 
of 100. No. 431—Each tablet contains 50 mg of 

rimidone (scored), in bottles of 100 and 500. 

MYSOLINE Suspension—No. 3850—Each 5 ml 
(teaspoonful) contains 250 mg of primidone, in bottles 
of 8 fluidounces. 


References: 1. Woodbury. D. M., and Fingl. E.. in 


Goodman. L. S., and Gilman, A. (eds.): The Phar- 


macological Basis of Therapeutics. ed. 5. New York. 
Macmillan Publishing Co.. Inc.. 1975, p. 222. 
2. Rodin, E., in Conn, H. E (ed.): Current Therapy 
1977. Philadelphia, W. B. Saunders Company. 1977. 
p. 716. 3. Forster, F M.: Med. Clin. North Am. 47:1579 
(Nov.) 1970. 4. Physicians Desk Reference, ed. 31. 
Oradell, N.J.. Medical Economics Co., 1977, p. 1175. 
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as initial therapy, SY MMETREE usually 
goes to work within 48 hours, allowing 
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By adding SYMMETREL to anti- you to. reduce severity of symptoms 
cholinergics, you can provide: abe nis titrate levodopa for optimal 
ea reduction in parkinsonian symptoms e when you add SYMMETREE to optimal 
over the use of an anticholinergic agent well-tolerated doses of levodopa or 
alone Ie i | | | carbidopa/levodopa, you add incremental 
e a reduction in anticholinergic dosage patient benefits— reduction of severity 
when the patient is not tolerating anti- of tremor, rigidity, bradykinesia and 
cholinergic medication improvement in functioning. This helps 
If atropine-like side effects occur when to increase the ability of the parkinsonian 
you use SYMMETREE concomitantly patient to carry out normal daily functions 
with anticholinergics, dosage should be better, to help maintain the quality of life 
reduced for one of the two agents. at the best possible level 


e when side effects necessitate your 
reducing levodopa or carbidopa/levodopa 
dosage, you may regain lost benefits 
by the addition of SYMMETREE 


You can add SYMMETREE to levodopa In short, SYMMETREE is an effective 





or carbidopa/levodopa for increased "add-on" antiparkinson agent for optimal 
antiparkinson therapeutic benefits— control in Parkinson's disease. 


Administration of SYMMETREL Capsules 


^. 400 ibid. | 400 mgq.d./b.i.d. 


NOTE: The initial dose is 100 mg daily for patients 1) with serious 
associated medical illnesses or 2) whoare receiving high doses of other 
antiparkinson drugs 





SYMMETREP" is a U.S. registered trademark of 
E.l. du Pont de Nemours & Co. (Inc.); U.S. Pat. 3,310.469 


Endo Laboratories, Inc 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, New York 11530 = Please see next page for complete prescribing information. 
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DESCRIPTION SYMMETREL* is designated generically 
as amantadine hydrochloride and chemically 
as 1-adamantanamine hydrochloride. 


NH2 
pa E 


Amantadine hydrochloride is a stable, white crystalline substance readily soluble in water. It is readily 
absorbed, is not metabolized, and is excreted unchanged in the urine. 


ACTIONS: The mechanism of action of SYMMETREL® in the treatment of Parkinson's disease and 
drug-induced extrapyramidal reactions is not known. It has been shown to cause an increase in 
dopamine release in the animal brain. The drug does not possess anticholinergic activity in animal 
tests at doses similar to those used clinically. 


The antiviral activity of SYMMETREL® against the influenza A virus in humans is not completely 
understood. The mode of action of SYMMETREL® appears to be the prevention of the release of 
infectious viral nucleic acid into the host cell. SYMMETREL® does not appear to interfere with the 
immunogenicity of inactivated influenza A virus vaccine. 


INDICATIONS: Parkinson's Disease/Syndrome and Drug-induced Extrapyramidal Reactions: 
SYMMETREL* is indicated in the treatment of idiopathic Parkinson's disease (Paralysis Agitans) , 
postencephalitic parkinsonism, drug-induced extrapyramidal reactions, and symptomatic 
parkinsonism which may follow injury to the nervous system by carbon monoxide intoxication. It is 
indicated in those elderly patients believed to develop parkinsonism in association with cerebral 
arteriosclerosis. In the treatment of Parkinson's disease, SYMMETREL® is less effective than 
levodopa, (-)-3-(3,4-dihydroxyphenyl)-L-alanine, and its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established. Although anticholinergic type side 
effects have been noted with SYMMETREL® when used in patients with drug-induced extrapyramidal 
reactions, there is a lower incidence of these side effects than that observed with anticholinergic 
antiparkinson drugs. 


Influenza A Virus Respiratory Tract Illness: SYMMETREL* (amantadine hydrochloride) is indicated in 
the prevention (prophylaxis) and symptomatic management of respiratory tract illness caused by 
influenza A virus strains. SYMMETREL* should be considered especially for high risk patients, close 
household or hospital ward contacts of index cases and patients with severe influenza A virus illness. 
In the prophylaxis of influenza due to A virus strains, early immunization as periodically recommended 
by the Public Health Service Advisory Committee on Immunization Practices is the method of choice. 
When early immunization is not feasible, or when the vaccine is contraindicated or not available, 
SYMMETREL® can be used for chemoprophylaxis against influenza A virus illness. Because 
SYMMETREL® does not appear to suppress antibody response, it can be used chemoprophylactically 
in conjunction with inactivated influenza A virus vaccine until protective antibody responses develop. 
There is no clinical evidence that this drug has efficacy in the prophylaxis or symptomatic 
management of viral respiratory tract illnesses other than those caused by influenza A virus strains. 


CONTRAINDICATIONS: SYMMETREL® is contraindicated in patients with known hypersensitivity to 
the drug. 

WARNINGS: Patients with a history of epilepsy or other "seizures" should be observed closely for 
possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be followed closely as 
there are patients who developed congestive heart failure while receiving SYMMETREL®. 


Patients with Parkinson's disease improving on SYMMETREL* should resume normal activities 
gradually and cautiously, consistent with other medical considerations, such as the presence of 
osteoporosis or phlebothrombosis. 


Patients receiving SYMMETREL* who note central nervous system effects or blurring of vision should 
be cautioned against driving or working in situations where alertness is important. 


USE IN PREGNANCY: SYMMETREL® has not been studied in pregnant women. The use of this drug in 
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women of childbearing age should be undertaken only after weighing the possible risks to the fetus 
against benefit to the patient. SYMMETREL* has been reported to be embryotoxic and teratogenic in 
rats at 50 mg/kg/day, about 12 times the recommended human dose, but not at 37 mg/kg/day. 
Embryotoxic and teratogenic effects were not seen in rabbits which received up to 25 times the usual 
recommended adult human dose. 


NURSING MOTHERS: Since the drug is secreted in the milk, SYMMETREL® should not be 
administered to nursing mothers. 


PRECAUTIONS: SYMMETREL* (amantadine hydrochloride) should not be discontinued abruptly since 
a few patients with Parkinson's disease experienced a parkinsonian crisis, i.e., a sudden marked 
clinical deterioration, when this medication was suddenly stopped. The dose of anticholinergic drugs 
or of SYMMETREL® should be reduced if atropine-like effects appear when these drugs are used 
concurrently. 


The dose of SYMMETREL* may need careful adjustment in patients with renal impairment, congestive 
heart failure, peripheral edema, or orthostatic hypotension. Since SYMMETREL* is not metabolized 
and is mainly excreted in the urine, it may accumulate when renal function is inadequate. 


Care should be exercised when administering SYMMETREL® to patients with liver disease, a history of 
recurrent eczematoid rash, or to patients with psychosis or severe psychoneurosis not controlled by 
chemotherapeutic agents. Careful observation is required when SYMMETREL® is administered 
concurrently with central nervous system stimulants. 


ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: depression, 
congestive heart failure, orthostatic hypotensive episodes, psychosis, and urinary retention. Rarely 
convulsions, leukopenia, and neutropenia have been reported. 


Other adverse reactions of a less serious nature which have been observed are the following: 
hallucinations, confusion, anxiety, and irritability; anorexia, nausea and constipation; ataxia and 
dizziness (lightheadedness); livedo reticularis and peripheral edema. Adverse reactions observed less 
frequently are the following: vomiting; dry mouth; headache; dyspnea; fatigue, insomnia, and a sense 
of weakness. Infrequently, skin rash, slurred speech, and visual disturbances have been observed. 
Rarely eczematoid dermatitis and oculogyric episodes have been reported. 


OVERDOSAGE: There is no specific antidote. For acute overdosing, general supportive measures 
should be employed along with immediate gastric lavage or induction of emesis. Fluids should be 
forced, and if necessary, given intravenously. The pH of the urine has been reported to influence the 
excretion rate of SYMMETREL® Since the excretion rate of SYMMETREL® increases rapidly when the 
urine is acidic, the administration of urine acidifying fluids may increase the elimination of the drug 
from the body. The blood pressure, pulse, respiration and temperature should be monitored. The 
patient should be observed for hyperactivity and convulsions; if required, sedation, and 
anticonvulsant therapy should be administered. The patient should be observed for the possible 
development of arrhythmias and hypotension; if required, appropriate antiarrhythmic and 
antihypotensive therapy should be given. The blood electrolytes, urine pH and urinary output should 
be monitored. If there is no record of recent voiding, catheterization should be done. The possibility of 
multiple drug ingestion by the patient should be considered. 


DOSAGE AND ADMINISTRATION: Dosage for Parkinsonism: The usual dose of SYMMETREL® 
(amantadine hydrochloride) is 100 mg twice a day when used alone. SYMMETREL® has an onset of 
action usually within 48 hours. 


The initial dose of SYMMETREL® is 100 mg daily for patients with serious associated medical illnesses 
or who are receiving high doses of other antiparkinson drugs. After one to several weeks at 100 mg 
once daily, the dose may be increased to 100 mg twice daily, if necessary. 


Occasionally, patients whose responses are not optimal with SYMMETREL® at 200 mg daily may 
benefit from an increase up to 400 mg daily in divided doses. However, such patients should be 
supervised closely by their physicians. 


Patients initially deriving benefit from SYMMETREL® not uncommonly experience a fall-off of 
effectiveness after a few months. Benefit may be regained by increasing the dose to 300 mg daily. 
Alternatively, temporary discontinuation of SYMMETREL® for several weeks, followed by reinitiation 
of the drug, may result in regaining benefit in some patients. A decision to use other antiparkinson 
drugs may be necessary. 


Concomitant Therapy: Some patients who do not respond to anticholinergic antiparkinson drugs may 
respond to SYMMETREL*. When SYMMETREL® or anticholinergic antiparkinson drugs are each used 
with marginal benefit, concomitant use may produce additional benefit. 


When SYMMETREL* and levodopa are initiated concurrently, the patient can exhibit rapid therapeutic 
benefits. SYMMETREL* should be held constant at 100 mg daily or twice daily while the daily dose of 
levodopa is gradually increased to optimal benefit. 


When SYMMETREL® is added to optimal well-tolerated doses of levodopa, additional benefit may 
result, including smoothing out the fluctuations in improvement which sometimes occur in patients 
on levodopa alone. Patients who require a reduction in their usual dose of levodopa because of 
development of side effects may possibly regain lost benefit with the addition of SYMMETREL* 


Dosage for Drug-induced Extrapyramidal Reactions: The usual dose of SYMMETREL* (amantadine 
hydrochloride) is 100 mg twice a day. Occasionally, patients whose responses are not optimal with 
SYMMETREL® at 200 mg daily may benefit from an increase up to 300 mg daily in divided doses. 


Dosage for Prophylaxis and Symptomatic Management of Influenza A Virus Respiratory Tract 
Iliness: Adult: The adult daily dosage of SYMMETREL* (amantadine hydrochloride) is 200 mg: two 
100 mg capsules (or four teaspoonfuls of syrup) as a single daily dose, or the daily dosage may be 
split into one capsule of 100 mg (or two teaspoonfuls of syrup) twice a day. If central nervous system 
effects develop on once-a-day dosage, a split dosage schedule may reduce such complaints. 


Children: 1 yr.-9 yrs. of age: The total daily dose should be calculated on the basis of 2 mg to 4 mg 
per pound of body weight per day (but not to exceed 150 mg per day). The daily dose, given as the 
syrup, should be given in two or three equal portions. 


9 yrs.-12 yrs. of age: The total daily dose is 200 mg given as one capsule of 100 mg (or two 
teaspoonfuls of syrup) twice a day. 


Prophylactic dosing should be started in anticipation of contact or as soon as possible after contact 
with individuals with influenza A virus respiratory illness. SYMMETREL® should be continued daily for 
at least 10 days following a known exposure. If SYMMETREL® is used chemoprophylactically in 
conjunction with inactivated influenza A virus vaccine until protective antibody responses develop, 
then it should be administered for 2 to 3 weeks after the vaccine has been given. When inactivated 
influenza A virus vaccine is unavailable or contraindicated, SYMMETREL* should be administered for 
up to 90 days in case of possible repeated and unknown exposures. Symptomatic management of 
influenza A virus illness should be started as soon as possible after onset of symptoms and should be 
continued for 24 tn 48 hours after the disappearance of symptoms. 


HOW SUPPLIED: SYMMETREL* (amantadine hydrochloride) 


CAPSULES: (bottles of 100)-each red, soft gelatin capsule contains 100 mg amantadine 
hydrochloride. 


SYRUP: (1 pint)-each 5 ml (1 teaspoonful) of syrup contains 50 mg amantadine hydrochloride. 


Capsules manufactured by R.P. Scherer Corporation, Detroit, Michigan 48213 for 


Endo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) = 
Garden City, N.Y. 11530 








New Edition from the AMA 


When you need comprehensive data on the physi- 
cian population, turn to the NEW edition of Physi- 
cian Distribution and Medical Licensure in the 
U.S. Compiled by the American Medical Associa- 
tion’s Center for Health Services Research and 
Development, this informative volume offers you 
detailed statistical data for comparing regions, 
divisions, states, and counties with respect to 
their: 


e total number of physicians by specialty and 
. professional activity 


e number of hospitals and hospital beds 
e number of inhabitants 

e physician-population ratios 

e counties without physicians 

e per capita and per household income 


New Sections 


This indispensable publication has almost dou- 
bled in size. Special sections devoted to women 


Physician 
Distribution 
and Medical 
Licensure in 
the US.,1976 











physicians and foreign medical graduates have 
been added. 


Since quantities are limited, please use the 
coupon to order today. $15.95 
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Order Department 

American Medical Association 
P.O. Box 821 

Monroe, Wisconsin 53566 


Please send copy(ies) of Physician 
Distribution and Medical Licensure in the 
U.S., 1976 (OP-45) at $15.95 each. 


My check for $ 
is enclosed. 


payable to the AMA 


Name 


Address 


City/State/Zip 
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Adds better dosage control 


Long term treatment of depression with amitriptyline requires 

careful dosage titration to meet the individual needs of each 
patient. Because all six strengths of Endep (amitriptyline HCl) are 
scored, you can easily change the dose by half-tablet steps, without 
waiting for the patient to fill a new prescription. 








ý 


37.5 mg 


s22 


12.5 mg 


toadd, subtract, 
amitriptyline... 


Subtracts some of the drawbacks of 
antidepressant therapy 


Scored Endep (amitriptyline HCl) tablets may eliminate the need 
for a new prescription each time the dosage needs to be changed, 
saving time for you and money for your patient. And, by keeping the 
patient on the same strength tablet, there's less chance he'll become 
' confused, as he might if changed to another size or color of 
amitriptyline. 


Multiplies therapeutic options 


The pharmacokinetic properties of Endep (amitriptyline HCI) 
are such that its clinical effect is the same whether prescribed 
t.1.d. or as a single daily dose. Thus, once you have established the 
proper dosage, you can prescribe the entire dose h.s., minimizing 
anticholinergic and sedative side effects and helping to assure patient 
compliance with this simple regimen. 
By prescribing the higher strength tablets h.s. —secure in the 
- knowledge that the dosage can be adjusted in half-tablet steps without 
resorting to a new prescription — your patient will economize further 
on a per milligram basis. 


Endep 
amitriptyline HCI/ Roche 


' The only amitriptyline scored 
for easy division 


Endep 
amitriptyline HCl/Roche 


Before prescribing, please consult complete 
roduct information, a summary of which 
ollows: 

Contraindications: Known DY DST ena 

Do not use with monoamine oxidase (MAO) 

inhibitors or within at least 14 days following 

discontinuation of MAO inhibitors since 
hyperpyretic crises, severe convulsions and 
deaths have occurred with concomitant use; 
then initiate cautiously, gradually increasing 
dosage until optimal response is achieved. Use 
not recommended during acute recovery phase 
after myocardial infarction. 

Warnings: May block action of guanethidine 

or similar antihypertensives. Use with caution 

in patients with history of seizures, urinary 
retention, angle-closure glaucoma, increased 
intraocular pressure. Closely supervise cardio- 
vascular patients, hyperthyroid patients and 
those receiving thyroid medications. (Arrhyth- 
mias, sinus tachycardia and prolongation 

of conduction time reported with use of tri- 

erede ci hi or g sion including amitriptyline 

Cl, especially in high doses. Myocardial in- 
farction and stroke reported with use of this 
class of drugs.) May impair alertness; warn 

against hazardous occupations or driving a 

motor vehicle during therapy. Weigh possible 

benefits against hazards during pregnancy, 
the nursing period and in women of child- 
bearing potential. Not recommended in chil- 

dren under 12. 

Precautions: May exaggerate symptoms in 

schizophrenic and paranoid patients, or shift 

manic-depressives to manic stage; reduce dose 
or administer major tranquilizer concomi- 
tantly. Close supervision and careful dose 
adjustments required when given with anti- 
cholinergic or sympathomimetic agents. Exer- 
cise care in patients receiving large doses of 
ethchlorvynol; transient delirium reported 
with concomitant administration. May en- 
hance effects of alcohol, barbiturates and other 

CNS depressants. Because of the possibility of 

suicide in depressed patients, do not permit 

easy access to large drug quantities in these 
patients. Because it may increase hazards of 
electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue 
drug several days before elective surgery. Both 
elevation and lowering of blood sugar levels 
have been reported. 

Adverse Reactions: Note: This list includes a 

few adverse reactions not reported with this 

specific drug but requiring consideration 
because of similarities of tricyclic antidepres- 
sants. Cardiovascular: Hypotension, hyper- 
tension, tachycardia, palpitation, myocardial 
infarction, arrhythmias, heart block, stroke. 

CNS and Neuromuscular: Confusional states; 

disturbed concentration; disorientation; de- 

lusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, 
tingling and paresthesias of the extremities; 
peripheral neuropathy; incoordination; ataxia; 
tremors; seizures; alteration in EEG patterns; 
extrapyramidal symptoms; tinnitus, Anti- 
cholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, 
paralytic ileus, urinary retention, dilatation of 
urinary tract. Allergic: Skin rash, urticaria, 
photosensitization, edema of face and tongue. 

Hematologic: Bone marrow depression includ- 

ing agranulocytosis, eosinophilia, purpura, 

thrombocytopenia. Gastrointestinal: Nausea, 
epigastric distress, vomiting, anorexia, stoma- 
titis, peculiar taste, diarrhea, parotid swelling, 
black tongue. Endocrine: Testicular swelling 
and gynecomastia in the male, breast enlarge- 
ment and galactorrhea in the female, increased 
or decreased libido, elevation and lowering of 
blood sugar levels. Other: Dizziness, weak- 
ness, dicas. headache, weight gain or loss, 
increased perspiration, urinary frequency, 
mydriasis, drowsiness, jaundice, alopecia. 

Withdrawal Symptoms: Abrupt cessation of 

treatment after prolonged administration may 

produce nausea, headache and malaise. These 
are not indicative of addiction. 

Supplied: Scored Tablets: 10, 25, 50, 75, 100, 

150 mg. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07 110 
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-at the receptor sites 


indicated in amenorrhea /galactorrhea 
associated with hyperprolactinemia 


*in the absence of demonstrable pituitary tumor. Not indicated in patients with normal 

prolactin levels. Safe use in pregnancy not demonstrated. Thus, not indicated in the 

management of infertility. SANDOZ 
For Brief Summary, please see last page of this advertisement. 
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The relationship of dopamine, prolactin, and 
Parlodel’ (bromocriptine mesylate) in amenorrhea/galactorrhea 
associated with hyperprolactinemia"* 
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The secretion of prolactin is regulated by complex hormonal and neuronal feedback 
mechanisms mediated by dopamine and/or prolactin inhibitory factors (PIF) 
from the hypothalamus. 

Excess prolactin may cause amenorrhea in two ways (keyed on diagram): 1) by 
interfering with the secretion of gonadotropin releasing hormone (GnRH), there- 
by preventing secretion of luteinizing hormone (LH) and follicle stimulating 
hormone (FSH); or 2) by blocking the action of LH and FSH at the gonadal level. 
Elevated prolactin levels also directly stimulate the mammary glands, resulting in 
galactorrhea (keyed [3] on diagram). 


Parlodel (bromocriptine mesylate) activates dopamine receptors that 
inhibit prolactin secretion in essentially the same manner as endogenous 
dopamine and reduces elevated prolactin levels. 





Parlodel 


Clinical effectiveness in 
amennorhea/galactorrhea 
associated with hyperprolactinemia 


Parlodel therapy was studied in 210 
patients with amenorrhea/galactorrhea 
associated with hyperprolactinemia; 
of whom 187 were evaluated for efficacy. 
In light of the usual findings with 
current therapies, the response to 
Parlodel (bromocriptine mesylate) was 
impressive. 


CLINICAL IMPROVEMENT 

IN AMENORRHEA 

Reinitiation of menses (or pregnancy 
without first having menses*)was 
reported by 80% of 187 patients after 
an average treatment time of 5.7 weeks. 


CLINICAL IMPROVEMENT 

- IN GALACTORRHEA 

76% of 187 patients experienced clini- 
cally significant — 7576 or greater — 
reduction in galactorrhea, and 5876 
experienced complete cessation of milk 
secretion. The treatment time required 
for 75% reduction was 6.4 weeks, and 
that for complete cessation was 

12.7 weeks. 
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Parlodel 


(bromocriptine 


OVERALL CLINICAL 
EFFECTIVENESS 

63% of 187 patients experienced 
reinitiation of menses and at least 75% 
reduction in galactorrhea;47%had both 
reinitiation of menses and complete 
cessation of milk secretion. 


CORRELATION OF CLINICAL 
RESPONSE WITH REDUCTION 
IN PROLACTIN LEVELS 
Improvement markedly correlated with 
reduction in serum prolactin levels. 
Maximum reduction of prolactin levels 
was achieved within the first four weeks 
of therapy, and reduced levels were 
maintained throughout therapy. 


*in the absence of demonstrable pituitary tumor. 


Not indicated in patients with normal prolactin 
levels. Safe use in pregnancy not demonstrated. 
Thus, not indicated in the management of 
infertility. 


tParlodel (bromocriptine mesylate) is not indicated 


in the management of infertility. 






For Brief Summary, please see following page. SANDOZ 
SDZ 8-149 


Dosage and administration 


e Start with one 2.5-mg tablet with the evening 
meal for three days; increase to one tablet with 
food in the morning and in the evening on the 
fourth day. The therapeutic dosage is one tablet 
two or three times daily with meals. 


e |f adverse reactions occur, temporarily reduce 
dosage. 


e Duration of treatment should not exceed six 
months. 


e Patients should be required to use contraceptive 
measures, other than the oral contraceptives, 
during treatment with Parlodel (bromocriptine 
mesylate). However, since patients often ignore 
this recommendation and since pregnancy may 
occur prior to reinitiation of menses, as an 
additional precaution, a pregnancy test is 
recommended at least every four weeks during 
the amenorrheic period and, once menses are 
reinitiated, every time a patient misses a 
menstrual period. 


e |f pregnancy occurs, treatment should be 
discontinued immediately. 


Contraindications: Sensitivity to any ergot alkaloids. 


Warnings: Since hyperprolactinemia with amenorrhea, 
galactorrhea has been found in patients with pituitary tumors 
(Forbes-Albright syndrome), a complete evaluation of the sella 
turcica is advisable before treatment with Parlodel* (bromocryp- 
tine mesylate). Although Parlodel therapy will effectively lower 
plasma levels of prolactin in patients with pituitary tumors, this 
does not obviate the necessity of radiotherapy or surgical pro- 
cedures where appropriate. If pregnancy occurs, treatment 
Should be discontinued immediately; safe use has not been 
demonstrated in pregnancy. Should not be administered to 
nursing mothers. Safety and efficacy have not been established 
in children under age 15. Although the incidence of congenital 


New 








malformations and spontaneous abortions reported in human 
studies does not exceed that generally reported for such occur- 
rences in the population at large, the total number of pregnan- 
cies reported is an insufficient sample in which to detect any 
given birth defect; extrapolation of these data to a greater 
patient population would be statistically invalid. 


Precautions: Since treatment may result in restoration of fertil- 
ity, patients should be required to use contraceptive measures, 
other than the oral contraceptives, during treatment; however, 
since patients often ignore this recommendation and since 
pregnancy may occur prior to reinitiation of menses, as an 
additional precaution, a pregnancy test is recommended at least 
every four weeks during the amenorrheic period and, once 
menses are reinitiated, every time a patient misses a menstrual 
period. Parlodel therapy has been demonstrated to be effective 
in the short-term management of amenorrhea/galactorrhea 
only. Data are not available on the safety or effectiveness of its 
use in long-term continuous dosage, or in patients given 
repeated courses of treatment following recurrence of 
amenorrhea/galactorrhea after initial treatment. Recurrence 
rates are reportedly very high, ranging from 70% to 80% in 
domestic and foreign studies. 


Adverse Reactions: The incidence of adverse effects is quite 
high (68%) but these are generally mild to moderate in degree. 
Therapy was discontinued in approximately 6% of patients 
because of adverse effects. These in decreasing order of fre- 
quency are nausea 51%, headache 18%, dizziness 16%, fatigue 
8%, abdominal cramps 7%, lightheadedness 6%, vomiting 5%, 
nasal congestion 5%, constipation 3% and diarrhea 3%. A slight 
hypotensive effect may accompany Parlodel® (bromocriptine 
mesylate) treatment. The occurrence of adverse reactions may 
be lessened by temporarily reducing dosage to one-half tablet 
two to three times daily. 

Dosage and Administration: The therapeutic dosage is one 
2.5-mg tablet, two or three times daily, with meals. Duration of 
treatment should not exceed six months. It is 

recommended that treatment commence with one tablet 
daily, increasing to a therapeutic dosage within the first 

week, to reduce the possibility of adverse reactions. 

How Supplied: Tablets, 2.5 mg, in packages of 30. 

Before prescribing or administering, see package 

insert for full product information. SANDOZ 


SANDOZ PHARMACEUTICALS, EAST HANOVER, N.J. 07936 
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Special Article 


Precautions in 


Familial Transmissible Dementia 


Including Familial Alzheimer’s Disease 


Robert H. Cook, James H. Austin, MD 


e Recent studies suggest that some 
cases of familial Alzheimer's disease may 
be associated with a transmissible de- 
mentia. Animal experiments show that 
presymptomatic carriers of "slow virus" 
agents can transmit disease. Because of 
these findings, we have extended the 
precautions previously delineated to in- 
clude those at risk of acquiring transmis- 
sible dementia, specifically, to the de- 
scendants of those affected with familial 
Alzheimer's disease or familial Creutz- 
feldt-Jakob's disease. Blood donation 
from such persons may pose a danger, 
because transmissible spongioform en- 
cephalopathy has been passed from 
animal to animal by blood serum and by 
the WBC layer of frozen whole blood. 

(Arch Neurol 35:697-698, 1978) 


E et al addressed them- 
selves to precautions appro- 
priate for dealing with patients who 
have Creutzfeldt-Jakob’s disease 
(CJD) or kuru.' Carrying this one step 
further, we wish to consider here the 
precautions appropriate for persons in 
families at high risk for the develop- 
ment of a transmissible encephalopa- 
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thy. Familial incidence is occasionally 
found in both Alzheimer's disease and 
Creutzfeldt-Jakob's disease?’ (R. H. 
Cook, B. Ward, J. H. Austin, MD, 
unpublished data, 1978). In Alzhei- 
mer's disease, the pattern is most 
eonsistent with an autosomal domi- 
nant trait; the familial pattern in CJD 
is not clear. 

Our concern is that disease may be 
transmitted by tissue from presymp- 
tomatic descendants of affected fami- 
ly members. The issue is pressing, for 
we presently care for more than 200 
members of ten families in which 
Alzheimer's disease appears to be a 
dominant trait. 

When we make the diagnosis either 
of Alzheimer's disease or CJD, we 
take a detailed family history. If we 
find that no other relatives are 
affected by a dementing illness, and if 
the diagnosis is Creutzfeldt-Jakob's 
disease, then we take the appropriate 
precautions! with the patient. We do 
not caution family members in this 
instance. However, if we find that 
other first-degree relatives (parents, 
siblings) are affected by CJD or 
Alzheimer's disease, we then inform 
the patients and their progeny that 
any blood or organ donations carry an 
unknown risk to unknowing recipi- 


ents. We do not suggest that any 
family members other than direct ` 
descendants of affected patients need 
take precautions, nor do we suggest 
any form of isolation. The reasons for 
our advice follow. We believe that 
some cases of familial Alzheimer's 
disease may be associated with a 
transmissible dementia because: 

l. A spongioform encephalopathy 
was reported in primates after they 
were inoculated with brain tissue 
from patients with familial Alzhei- 
mer's disease.' This occurred with two 
of 12 such patients from whom trans- 
mission was attempted. In contrast, 
transmission has not oceurred to date 
from more than 30 nonfamilial cases 
of Alzheimer's disease. 

2. Autopsy-proved spongioform en- 
cephalopathy has occurred in one 
person, the brothers and sisters of 
whom had autopsy-proved  Alzhei- 
mer’s dementia (R. H. Cook, B. Ward, 
J. H. Austin, MD, unpublished data, 
1978). 

3. The pathologic changes both of 
Alzheimer’s disease and spongioform 
encephalopathy coexist in some pa- 
tients." 

Our concern is also based on studies 
of scrapie, an animal model of human 
transmissible dementia. Tissues of the 
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immune system (spleen, thymus, 
lymph nodes) transmitted scrapie 
even before neurologic signs became 
evident in the donor animals." The 
pattern by which scrapie spread from 
organ to organ was believed to 
suggest hematogenous dissemination. 
Later articles reported that the infec- 
tious agent did indeed reside in blood 
serum, although in low titer.'** Some 
thought this proved a hematogenous 
spread of infection, others believed 
this might have been the result of 
tissue contamination. Recently, Man- 
uelidis et al reported that the buffy 
coat of.blood from infected guinea 
pigs transmitted CJD to other guinea 
pigs.^ This directly demonstrated 
that the CJD agent could be carried in 
the WBC fraction of fresh frozen 
whole blood. Animals in whom symp- 
toms had not yet developed were 
responsible for most transmissions 
from serum and WBC fractions. Such 
reports are particularly disturbing in 
light of a recent study showing that 
intravenous injection is the most 
effective peripheral route of inocula- 
tion for scrapie.” 

Blood transfusion is undertaken far 
more frequently and casually than 
any other organ transplantation. This 
does not imply that it should be 
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considered a safer procedure than the 
transplantation of other tissues. At 
present, to our knowledge, no pub- 
lished evidence links CJD to human 
blood transfusion (eg, there is no 
report of an increased incidence of 
CJD among those who receive multi- 
ple transfusions). However, such evi- 
dence would be very difficult to 
amass. Creutzfeldt-Jakob's disease is 
rare; to find that its incidence was 
slightly increased in persons who have 
other rare diseases would require an 
enormous population study. Moreover, 
patients suffering from diseases re- 
quiring multiple transfusions are less 
likely than others to live long enough 
to manifest the signs of a "slow virus" 
disease that has a long incubation 
period. 

Human-to-human transmission of 
CJD has occurred in three reported 
instances: one following a corneal 
transplant'* and two following expo- 
sure to contaminated intracerebral 
depth electrodes.*'* We hope to 
obviate the cireumstances leading to a 
similar report relating CJD to blood 
transfusion. Our concern may appear 
premature and unscientifie: the case 
against blood donation from affected 
patients and family members at risk 
is not proved at present. The evidence 
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is indirect. However, direct evidence 
will be found only if the recipient of a 
blood donation dies months or years 
later of a spongiform encephalopa- 
thy. It would be difficult to trace the 
blood back to a presymptomatic donor 
in whom familial Alzheimer’s disease 
or CJD only later developed. Such a 
connection could easily be missed and 
even if it were documented, it would 
seem too much to ask of an unwitting 
volunteer. 

The legal, ethical, psychological, and 
scientific ramifications of these new 
precautions extend far beyond the 
bounds of this short communication. 
‘We are acutely aware that utmost 
care must be taken to avoid undue 
alarm among members of the families 
involved. Still, we believe our concern 
is justifiable, at least until more is 
known. We propose a moratorium on 
transfusions, not on research with 
regard to transfusions. 

Our central point is that there exists 
a small, identifiable group of people, 
in affected families, who may be at 
increased risk of spreading fatal 
transmissible “slow virus” diseases. 
We believe the public would be best 
served by advising such people not to 
donate blood or organs. 


monograph 2. Bethesda, Md, US Department of 
Health, Education, and Welfare, 1965, pp 195- 
202. ^ 

13. Clarke MC, Haig DA: Presence of trans- 
missible agent of scrapie in the serum of affected 
mice and rats. Vet Rec 80:504, 1967. 

14. Field EJ, Caspary EA, Joyce G: Scrapie 
agent in blood. Vet Rec 83:109-110, 1968. 

15. Dickinson AG, Meikle VMH, Fraser H: 
Genetical control of the concentration of MET 
scrapie agent in the brain of mice. J Comp Pathol 
79:15-20, 1969. 

16. Manuelidis EE, Gorgaez EJ, Manuelidis L: 
Viremia in experimental Creutzfeldt-Jakob dis- 
ease. Science 200:1069-1071, 1978. 

17. Kimberlin RH, Walker CA: Pathogenesis 
of mouse scrapie: Effect of route of inoculation 
on infectivity titres and dose-response curves. 
J Comp Pathol 88:39-47, 1978. 

18. Duffy P, Wolf J, Collins G, et al: Possible 
person-to-person transmission of Creutzfeldt- 
Jakob disease. N Engl J Med 290:692-693, 1974. 

19. Bernoulli C, Siegfried J, Baumgartner G, 
et al: Danger of accidental person-to-person 
transmission of Creutzfeldt-Jakob disease by 
surgery. Lancet 1:478-479, 1977. 


Familial Transmissible Dementia—Cook & Austin 





DPUUCDOEE See ee ey oe ee UB 


Original Contributions 


Ic 


TUCDGM um nme TOT 3X 
f . ay , M 


Neuropsychologic Correlates of Depth 


Spike Activity in Epileptic Patients 


Rebecca Rausch, PhD; Jeffrey P. Lieb, PhD; Paul H. Crandall, MD 


e The statistical properties of depth 
spiking in the  interictal EEG were 
assessed in 12 patients with intractable 
temporal lobe epilepsy in whom elec- 
trodes had been stereotactically im- 
planted for diagnostic purposes. Prior to 
the implantation surgery each patient was 
administered a battery of neuropsycho- 
logic tests. Correlational analyses 
showed that the total amount of depth 
spike activity (TA) negatively correlated 
with measures of intelligence, while the 
laterality of the spike activity (LAT) 
appeared to be positively related to a 
memory score and the degree of psycho- 
logic independence. The results of this 
study are consistent with previous find- 
ings of a significant relationship between 
surface EEG recordings and perform- 
ance. In addition, our data suggest a 
relationship between specific neuropsy- 
chologic functions and the patterns of 
in-depth EEG epileptiform discharges. 

(Arch Neurol 35:699-776, 1978) 


poe studies have provided ex- 
tensive evidence for a relation- 
ship between neural electrical activity 
and behavior in humans.'? Patients 
with epilepsy have been of special 
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interest since they usually manifest 
interietal EEG abnormalities,? as well 
as a wide range of behavioral altera- 
tions that can be detected by neuro- 
psychologic tests.*- 

By simultaneous EEG recording 
and behavior testing of epileptic 
patients, several investigators have 
been able to relate transient EEG 
abnormalities with performance on a 
specific task.'"^ Other workers have 
attempted to relate a broad range of 
psychologic test results with charac- 
teristics of the interictal EEG. Using 
this approach to study a group of 
medically uncontrolled epileptics, Wil- 
kus and Dodrill'! found a relationship 
between the results of a battery of 
neuropsychologic tests and the topo- 
graphic distribution and rate of 
abnormal discharge in the interictal 
EEG. In addition, Mirsky et al” 
reported that patients with centrence- 
phalie epileptic discharges (nonfocal) 
performed worse than patients with 
temporal and frontal epileptic foci 
(focal) on a test of attention, but not 
on a memory test. Within the group of 
patients with temporal lobe epilepsy, 
patients with bilateral temporal lobe 
foci obtained a lower memory score 
than those with unilateral foci. 

In the present study neuropsycho- 
logic performance of patients with 
temporal lobe epilepsy was compared 
with interictal spike activity recorded 
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from electrodes implanted bilaterally 
in the mesial temporal lobe structures. 
The results indicate that specific 
patterns of electrical activity recorded 
from deep structures of the brain 
correlate with behavioral abnormali- 
ties detected prior to electrode im- 
plantation. 


PATIENTS AND METHODS 
Patient Description 


The patients in this study were five 
females and seven males with a mean age 
of 27.4 years. One subject was ambidex- 
trous, and the remainder were right- 
handed. All patients had intractable psy- 
chomotor seizures. In addition ten patients 
also had generalized convulsions. The mean 
age of onset of seizures was 9.4 years, and 
the frequency ratings of the seizures were 
one per week (two patients), several per 
week (five patients), or several per day 
(five patients). Details of the patient 
description are given in Table 1. 

All patients were voluntary participants 
in a clinical research program involving the 
stereotactic placement of depth electrodes 
for localization of epileptogenic foci.'* The 
patients in the program were without 
neuroradiologic findings of gross patholo- 
gy or other evidence of localization of 
seizure foci. The principal objective of the 
program has been the localization of 
epileptogenic foci, which aids the decision 
for more definitive treatment. All patients 
were informed about the procedure to be 
used and gave their consent after undergo- 
ing interviews and examining consent 
forms prepared by one of us (P.H.C.). The 


Table 1.—Patient Characteristics 


Patient 
No./ Age at 
Sex Studies, yr 


76/M 
79/F 
84/M 
88/F 


Age at 
Onset of 
Seizures, yr* 


Seizure 
Typology; 


Postimplant 
Surgeryi 





*Definitive cause of seizures is known in only two cases. Onset of seizures of patient 84 was 
associated with head trauma and seizure onset of patient 88 shortly followed viral encephalitis. 

TPsychomotor seizures, P; generalized convulsions, G. 

iNeuropathologic examination of resected tissue of majority of patients in this series has shown 
hippocampal sclerosis.* Right anterior temporal lobectomy, RTL; left anterior temporal lobectomy, 


LTL. 


examinations have been approved by the 
Human Subject Protection Committee of 
the UCLA Center for the Health Sciences. 
The informed consent followed the guide- 
lines of the National Institutes of Health. 
For the welfare of the patient, individuals 
with psychosis or mental defectiveness 
were routinely excluded from this pro- 
gram. The depth electrodes were im- 
planted bilaterally in the anterior, medial, 
and posterior hippocampus pes and hippo- 
campal gyrus and also in the amygdala. 
The length of time of the electrode implan- 
tation period and hospitalization ranged 
from two to six weeks. During this time, 
anticonvulsant medication was gradually 
reduced to facilitate the recording of spon- 
taneous seizures. The analyses of interictal 
EEG in the present study were conducted 
on recordings obtained during periods of 
reduced medication. 


Neuropsychologic Measurements 


All patients were given an extensive 
medical workup and a comprehensive 
psychologic evaluation within three weeks 
prior to electrode implantation surgery. At 
the time of the psychologic evaluation all 
patients were receiving therapeutic dos- 
ages of antiepileptic medications. Serum 
levels of these drugs were obtained and are 
related to psychologic measurements in the 
Results section. A description of psycho- 
logic measurements used in the present 
study is given below. 

Intelligence.—The Wechsler Adult Intelli- 
gence Scale (WAIS)'* was used as the 
standard measurement of intelligence. 
Scores derived from this test and used in 
the analyses include the full scale IQ, 
verbal IQ, performance IQ, and the factors 
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of verbal comprehension and perceptual 
organization. 

Mental Control.—Mental control was rep- 
resented by the age-corrected digit span 
subtest score of the WAIS and the mental 
control score of the Wechsler Memory Scale 
(WMS). The WMS mental control score is 
a composite score reflecting the following 
tasks: the speed and accuracy of counting 
backward from 20, counting at three-digit 
intervals, and reciting the alphabet. Addi- 
tional measurements of mental control 
included the two-timed visual-motor tasks, 
trial making A and B of the Halstead 
neuropsychologie battery. Trails A re- 
quired the sequential handling of numbers 
and Trials B required the sequential alter- 
nation of numbers and letters. The scores, 
recorded as time (in seconds) for comple- 
tion of the tasks, also reflected accuracy 
(that is, the elapsed time to correct 
errors). 

Auditory Perception.—The number of er- 
rors made on the speech perception test 
and the rhythm test were used as a 
measure of verbal and nonverbal auditory 
perception, respectively. 

Memory Function.— The memory quotient 
(MQ) derived from the WMS reflected a 
composite memory score. In this group of 
patients, MQ did not vary significantly 
with the full scale IQ. Thus, the original 
MQ score, rather than an adjusted score for 
IQ,? was used in these analyses. The 
subtest scores contributing to the MQ 
included measurements of orientation, 
mental control, digit span, and verbal (log- 
ical and rote) and nonverbal immediate 
recall. In addition to the MQ, scores of 
immediate and delayed recall of verbal and 
nonverbal material were also included in 


the memory analyses. Immediate verbal 
and nonverbal memory were tested by the 
appropriate percentage scores obtained 
from the WMS subtests of associative 
learning and visual reproduction, respec- 
tively. The delayed memory scores were 
obtained by reexamining the patient on 
these two subtests after a 45-minute inter- 
ruption. 

Psychosocial Functioning.— Preoperative 
patients were rated by a clinical psycholo- 
gist on their degree of dependency and 
their performance of work or housewife 
activities. The dependency rating" con- 
sisted of a six-point ordinal scale in which a 
rating of 1 indicated self-sufficiency and 6 
indicated an inability to care for oneself or 
to assume responsibility for personal needs 
only. The work performance rating'* was a 
five-point ordinal scale, with a rating of 1 
reflecting steady and efficient work with 
no limitations and 5 reflecting an inability 
to work. All interim rating points on both 
scales were clearly defined by similar 
descriptive statements. 


Electrophysiologic Measurements 
and Data Analysis 


Interictal spike patterns were assessed 
in the depth EEG of all patients using a 
single channel on-line automatic spike 
recognition system programmed for opera- 
tion on the PDP-12 minicomputer. The 
spike recognition system operates by 
detecting transients that are significantly 
sharper than closely preceding background 
activity. The threshold settings for spike 
detection were optimized by comparing the 
performance of the spike recognition 
system with that of experienced observers. 
Details on the operation of the system and 
the optimization of threshold settings are 
described by Lieb et al." 

One to four epochs of multichannel direct 
or telemetry-recorded EEG were analyzed 
for each patient. The analysis epochs 
varied in length from 29 to 300 minutes 
among the several patients. All epochs 
analyzed were obtained during periods of 
reduced anticonvulsant medication; this 
was clinically necessary since it was desir- 
able to obtain spontaneous seizure records. 
The epochs selected for analysis were care- 
fully inspected prior to spike detection and 
were essentially free of artifactual rapid 
transients. The behavioral state of the 
patients during the epochs selected for 
analysis varied, although, in most cases in 
which direct recordings were taken, the 
patient was known to be awake with his 
eyes closed. Behavioral observations usual- 
ly did not accompany epochs selected from 
telemetry recordings. 

Detected spikes were stored on digital 
tape records for further analyses. These 
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included the computation of mean spike 
rate for each analysis epoch. The total 
amount of spike activity in each analysis 
epoch was measured by computing the root 
mean square of mean spike rates across all 
depth sites bilaterally. The total spike 
activity for each patient (TA) was then 
computed as the mean of the total activity 
observed across analysis epochs. The 
degree of lateralization of spike activity in 
each patient for a given epoch was 
measured by computing the ratio of the 
root mean square of spike activity in the 
more active temporal lobe to the sum of the 
root mean square of spike activity between 
temporal lobes observed for that epoch. 
The degree of lateralization of spike activ- 
ity for each patient (LAT) was computed as 
the mean of the degree of lateralization 
observed across analysis epochs. Reliability 
of the measurements of TA and LAT was 
estimated in patients (N = 6) who had 
more than one recording session by corre- 
lating scores derived from the first record- 
ing session with those derived from the 
second session. The correlations of TA and 
LAT were .8465 and .9296, respectively 
(P < .05).*° 

The TA and LAT measures were corre- 
lated using the Pearson product moment 
correlation with each of the neuropsycho- 
logic measurements. The statistical signifi- 
cance of the correlation coefficients were 
determined by a t test.” Two-tailed signif- 
icance levels were used in all analyses 
except for the correlation of WMS MQ with 
LAT; in this latter case, a one-tailed test 
was applied because of an a priori predic- 
tion of a positive relationship. This predic- 
tion was based on the report of Mirsky et 
al" of a positive relationship between 
unilateral temporal lobe discharges record- 
ed from the surface EEG and an adjusted 
WMS MQ. 


RESULTS 

Comparison of Neuropsychologic 

. Test Results With Total Spike 
Activity and Lateralization of Spike 

Activity 

The TA and LAT as measured 
across patients were not significantly 
related (r = .2810; P —.10). There- 
fore, TA and LAT were correlated on 
an individual basis with each of the 
corresponding neuropsychologic 
measurements. 

A representative example of con- 
trasting patterns of depth spiking 
recorded from two patients is shown 
in Fig 1. In Fig 1 (patient 89), the 
spike activity is shown to be highly 
lateralized to the right lobe and LAT 
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measured 0.9737 for the epoch shown. 
For patient 84, the spike activity is 
shown to be more evenly distributed, 
with predominance on the right, and 
LAT measured 0.5986 for the epoch 
shown. The TA of patient 89 exceeds 
that of patient 84 (0.6372 vs 0.1596). 
The behavioral tests for the patients 
shown in these figures indicated that 
while patient 89 was superior to 
patient 84 in memory function (WMS 
MQ = 93 vs WMS MQ = 84), patient 
89 was inferior to patient 84 in intelli- 
gence (WAIS full scale IQ = 88 vs 
WAIS full scale IQ = 107). 

Correlation of Intelligence With Spike 
Activity—The TA was significantly 
related to measurements of intellec- 
tual functioning. In general, the 
extent of spike activity correlated 
inversely with the level of intellectual 
performance across subjects. The 
WAIS full scale IQ, verbal IQ, and 
performance IQ, as well as Cohen's 
factors—verbal comprehension and 
perceptual organization—were all neg- 
atively related to TA (see Fig 2 and 
Table 2; P < .05). 

As shown in Fig 2 and Table 2, LAT 
did not significantly correlate with 
any of the intelligence scores 
(P > .10). 

Correlation of Mental Control With 
Spike Activity.—Scores obtained from 
measurements of mental control (that 
is, digit span, WMS mental control 
subtest, and Trial making A and B) 
were not significantly related to ei- 
ther TA or LAT (P > .10; see Table 
2). 

Correlation of Memory Functioning 
With Spike Activity.—The total amount 
of spiking activity was not related to 
the composite memory score, WMS 
MQ, or to any of the other memory 
measurements (see Fig 3 and Ta- 
ble 2). 

As expected, LAT correlated posi- 
tively with WMS MQ, indicating that 
higher memory functioning is asso- 
ciated with a greater laterality of 
spiking. The correlation of LAT and 
verbal delayed memory tended toward 
significance (P < .10 but > .05). The 
other correlations with memory, al- 
though positive, were not significant. 

Correlation of Psychosocial Index 
With Spike Activity.—The two ratings 
of psychosocial functioning used in 


this study did not correlate signifi- 
cantly with TA. While both psychoso- 
cial measures correlated inversely 
with LAT, only the correlation coeffi- 
cient of degree of dependency with 
LAT reached significance (P < .02). 
This latter finding reflects a greater 
degree of independence with more 
lateralized spiking. 


Consideration of Side 
of Spike Activity 


Investigations of the relation of 
side of spike activity to the cognitive 
measures are limited in the present 
study because of the small sample size 
and the disproportionate number of 
patients who showed maximum spike 
activity in the right temporal lobe (8 
out of 12) Nevertheless, possible 
trends in the data were explored by 
further computations involving tasks 
selectively sensitive to hemispheric 
functions. First, the degree of spike 
activity (TA) from the left and right 
temporal lobe was computed separate- 
ly (that is, the root mean square of 
mean spike rates across all depth sites 
from one side). The left and right TA 
were then correlated with scores from 
the following measures: verbal memo- 
ry, immediate and delayed; nonverbal 
memory, immediate and delayed; 
speech perception; and rhythms test. 
Two difference scores were also ana- 
lyzed: immediate verbal score minus 
immediate nonverbal score and de- 
layed verbal score minus delayed 
nonverbal score. None of the correla- 
tions of left or right TA with these 
behavioral measures were statistically 
significant. 

Second, the side aspect of the 
degree of lateralization of spike activ- 
ity was considered. The LAT scores of 
patients who had the maximum activ- 
ity recorded from the right side were 
correlated with the above-mentioned 
behavioral measures. (Too few pa- 
tients had maximum left-sided activi- 
ty to enable statistical analyses.) The 
LAT scores of the right-sided patients 
correlated positively with two meas- 
ures, the verbal delayed memory score - 
and the delayed difference score 
(P < .05). These findings thus indi- 
cate that the more the spike activity is 
restricted to the right side, the higher 
the verbal delayed memory scores and 
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Fig 1.—Contrasting patterns of in-depth spike activity recorded from two representative patients (patients 84 and 
89) with temporal lobe epilepsy. Total spike activity (TA), lateralization of spike activity (LAT), and neuropsycho- 
logic scores were obtained as described in text. Abbreviations: Lt (left), Rt (right), Amyg (amygdala), Ant (anterior), 


Mid (middle), Post (posterior), Hip (hippocampal), and Pes (pes hippocampi). 
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Fig 2.—Scatterplots of WAIS full scale IQ and total amount of spike activity (TA) and laterality of spike activity 
(LAT): TA was measured by root mean square of spike rates across all depth sites; LAT by root mean square 
of spike activity of more active temporal lobe divided by sum of root mean square of spike activity of both 
temporal lobes. An LAT index of 1.0 indicates that spike activity recorded is restricted to one temporal lobe; 


index of 0.5 indicates equal spike activity in both lobes. 


Table 2.—Correlation Coefficients of Psychologic Indexes as Compared With 
Total Amount of Spike Activity (TA) and Degree of Lateralization (LAT) of 
Interictal Spike Activity* 


Value 


Psychologic Measurement (N) (Mean + SD) 


Intelligence scores 

Full scale IQ (11) 

Verbal IQ (11) 

Performance IQ (11) 

Verbal comprehension (11) 

Perceptual organization (11) 
Mental control 

Digit span (12) 


99.3 + 5.7 
976+ 52 
101.3 + 7.8 
96.7+ 89 
103.6 + 10.4 


—.81851 
—.70861 
—.6744§ 
—.7814|| 
—.5738 $ 


—.3372 
—.1610 
—.3925 
—.0539 
—.0462 


9.2 + 3.6 


WMS mental control (12) ta 2%. 14 


Trails A (7) 
Trails B (7) 

Auditory perception 
Speech perception (10) 
Rhythms test (10) 

Memory 
WMS MQ (12) 

Verbal, immediate (12) 
Verbal, delay (11) 
Visual, immediate (12) 
Visual, delay (12) 

Psychosocial functioning 
Work/housewife duties (12) 
Dependency (12) 


38.9+ 89 
86.1 + 36.4 


*Significance levels of correlation coefficients were determined by t test with N-2 degrees of 
freedom. Significance levels for all correlations were two-tailed except for WMS MQ and LAT, which 
used one-tailed level because of an a priori hypothesis. 

TP < .005. 

iP < .02. 

$P — .05. 

IP < .01. 

f Correlation coefficient tends toward significance, P — .05 but — .10. 


the greater the discrepancy between seizures, frequency of seizures, and 





verbal and nonverbal delayed scores. 


Evaluation of Other Variables 


To investigate the possibility that 
other factors were contributing sig- 
nificantly to the results of this study, 
age of the patient, sex, duration of 
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serum drug levels taken at the time of 
psychologie testing were analyzed to 
assess their relation to three princi- 
pal neuropsychologic measurements: 
WAIS full scale IQ, WMS MQ, and 
degree of dependency rating. Age, 
duration and frequency of seizures, 


and serum concentration of medica- 
tions were not significantly related to 
the neuropsychologic measurements 
(P > .10). In addition, the neuropsy- 
chologic performance of males was 
not significantly different from that 
of females (P > .10, t test). 


COMMENT 


The results of this study provide 
new evidence that patterns of depth 
EEG spiking activity, in patients with 
epilepsy, are related to the psychologic 
status of the patients. These observa- 
tions are consistent with previous 
findings that show a relationship 
between surface EEG recordings and 
behavioral performance.''* The pres- 
ent findings indicate that the pattern 
of the depth neural discharges varies 
with specific neuropsychologic meas- 
urements. We find that patients with 
more active temporal lobe discharges, 
as indicated by rate of firing, have 
significantly lower scores on intelli- 
gence tests, but not on tests of memo- 
ry. On the other hand, patients with 
lateralized temporal lobe discharges 
tend to have a high memory score, but 
uncorrelated intelligence scores. Thus, 
the rates and topographic characteris- 
tics of interictal spiking in the tempo- 
ral lobes may be differentially related 
to intelligence and memory function- 
ing, respectively. 

The association of memory scores 
with the topographic distribution of 
electrical activity has also been found 
in surface EEG studies. For example, 
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Fig 3.—Scatterplots of WMS MQ, total amount of spike activity (TA), and laterality of spike activity (LAT). Open 
circles denote patients in this series (n = 2) with the most focal spike activity. Latter measure was computed by 
dividing mean spike rate of most active site by root mean square of most active side. 


Mirsky et al reported that patients 
with bilateral temporal lobe foci had 
lower memory scores than that of 
patients with unilateral temporal lobe 
foci. Our results, as well as those of 
Mirsky et al are in agreement with 
independent reports showing that 
bilateral excisions of the hippocampi 
result in gross general memory disor- 
ders.??? | 

Our finding that patterns of spike 
discharges from the mesial temporal 
lobe structures are not related to any 
of the attentional measures was 
expected since patients with temporal 
lobe epilepsy do not have significant 
attentional deficits." However we 
cannot exclude the possibility that 
transient changes in electrical dis- 
charges are accompanied by lapses in 
attention. 

Recent studies by Wilkus and 
Dodrill* have suggested a signifi- 
cant relation between both the distri- 
bution and rate of epileptiform dis- 
charge recorded from the surface 
EEG and performance on a broad 
battery of neuropsychologic tests ad- 
ministered to a group of epileptic 
patients. Patients with generalized 
discharges as compared to those with 
focal or null discharges performed 
worse on the neuropsychologic tests, 
which included subtests of the WAIS. 
When rates of occurrence of dis- 
charges were considered, patients 
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with higher rates performed worse 
than those with a lower rate. 

These latter findings support the 
view that epileptiform discharges in 
epileptic patients are related to per- 
formance levels. However, these re- 
sults do not concur with the present 
finding that differential psychologic 
funetions are associated with the 
pattern characteristics of the epilepti- 
form discharges. This apparent lack of 
agreement may be attributable to one 
of several differences in methodology. 
For example, the present patient 
population is limited to temporal lobe 
epilepties, while Wilkus and Dodrill 
studied patients with a wide variety 
of seizure typologies. This latter 
difference in the constitution of the 
patient populations may have also 
accounted for variations in the design 
of the psychological test batteries (for 
example, WMS MQ and social inde- 
pendence rating were found to corre- 
late with laterality of spike activity in 
our study, but these measures were 
not included in the Wilkus and Dodrill 
battery). In addition, Wilkus and 
Dodrill recorded surface EEG utilizing 
a wider sample of anterior and poste- 
rior discharges, while our depth 
recordings were limited only to the 
temporal lobe area. Finally, the rates 
of discharge utilized in the previous 
study were categorized as either 
absent, less than 1 per minute or 


greater than 1 per minute. Our rates 
of spike discharges were computer- 
detected and all rates fell within a 
range of 0 to approximately 60 per 
minute. 

Although the data presented in this 
study suggest a statistically signifi- 
cant relationship between EEG abnor- 
malities and performance, they do not 
establish a cause and effect relation- 
ship. It has been proposed by Ste- 
vens? that interictal spike discharges 
are not indigenously disruptive of 
functions per se, but may manifest an 
adaptive response to underlying phys- 
iologie pathology. Other workers have 
purported that an active epileptie site 
is disruptive of function and that 
removal of the damaged area results 
in a general improvement in psycho- 
logie status. *"' However, since the 
mechanism of this functional disrup- 
tion is not known, the latter position 
may not be in conflict with that of 
Stevens.^ Nevertheless, the present 
results indieate that the status of the 
brain reflected in the interictal EEG 
is indicative of the intellectual adap- 
tive properties of the individual. 

The present findings must be inter- 
preted with caution. Several factors 
may contribute to minor sampling 
errors in this study. First, although 
neuropsychologie performance is con- 
sidered to be relatively stable over 
time, variations may occur during 
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undetected subclinical discharges.** 
Second, levels of anticonvulsants in 
sera differed for psychologic testing 
and recording sessions and may have 
contributed to variations in these 
measures. Third, while our measure- 
ment of spike discharges in a given 
individual during hospitalization was 
found to be relatively stable, some 
variation might be anticipated from 
the prehospitalization period at which 
time the neuropsychologic tests were 
administered. Finally, although age of 
onset of seizures, sex, and serum 
medication levels show no significant 


1. Giannitrapani D: EEG average frequency 
and intelligence. Electroencephalogr Clin Neuro- 
physiol 27:480-486, 1969. 

2. Glaser GH (ed): EEG and Behavior. New 
York, New York Basic Books Ine, 1963. 

3. Kiloh LG, McComas AJ, Osselton JW: Clini- 
cal Electroencephalography. London, Butter- 
worth, 1972. 

4. Fedio P, Mirsky AF: Selective intellectual 
deficits in children with temporal-lobe or 
eentrencephalic epilepsy. Neuropsychologia 
7:267-300, 1969. 

5. Klove H, Matthews CG: Psychometric and 
adaptive abilities in epilepsy with differential 
etiology. Epilepsia 7:330-338, 1966. 

6. Quadfasel AF, Pruyser PW: Cognitive defi- 
cits in patients with psychomotor epilepsy. 
Epilepsia 4:80-90, 1955. 

7. Goode OJ, Penry JK, Dreifuss FE: Effects 
of paroxysmal spike-wave on continuous visual- 
motor performance. Epilepsia 11:241-254, 1970. 

8. Mirsky AF, Van Buren JM: On the nature of 
the absence in centrencephalic epilepsy: A study 
of some behavioral, electroencephalographie and 
anatomie factors. Electroencephalogr Clin Neu- 
rophysiol 18:334-338, 1965. 

9. Sehwab RS: Reaction time in petit mal 
epilepsy. Res Publ Assoc Res Nerv Ment Dis 
26:339-341, 1947. 

10. Tizard B, Margerison JH: Psychological 
functions during wave spike discharge. Pr J Soc 
Clin Psychol 3:6-15, 1963. 

11. Wilkus RJ, Dodrill CB: Neuropsychological 
correlates of the electrencephalogram in epilep- 
ties: I. Topographic distribution and average rate 
of epileptiform activity. Epilepsia 17:89-100, 
1976. | 

12. Mirsky AF, Primae DW, Ajmone Marsan 


Arch Neurol—Vol 35, Nov 1978 


MCUNUPTI2T*. ‘ ss -- yz 


influence on the psychologic indexes 
measured in this study, these latter 
variables may have enhanced the 
sampling error as reported in inde- 
pendent studies in which a larger 
patient population was available.?*° 

. We are presently extending this 
research to further evaluate the 
contribution of the several factors 
discussed above. In addition, by 
increasing our sample size, we hope to 
investigate more intensively the rela- 
tion of side and site aspects of the 
most active spike discharges to differ- 
ent types of memory functions. Con- 


References 


C, et al: A comparison of the psychological test 
performance of patients with focal and nonfocal 
epilepsy. Exp Neurol 2:75-89, 1960. 

13. Crandall PH, Walter RD, Rand RW: Clini- 
cal applications of studies on stereotaxically 
implanted electrodes in temporal lobe epilepsy. 
J Neurosurg 21:827-840, 1963. 

14. Wechsler D: Wechsler Adult Intelligence 
Scale. New York, Psychological Corp, 1955. 

15. Wechsler D, Stone CP: Wechsler Memory 
Seale. New York, Psychological Corp, 1945. 

16. Halstead WC: Brain and Intelligence: A 
Quantitative Study of the Frontal Lobe. Chicago, 
University of Chicago Press, 1947. 

17. Horowitz MJ, Cohen FM: Temporal lobe 
epilepsy: Effect of lobectomy on psychosocial 
functioning. Epilepsia 9:23-41, 1968. 

18. Taylor DC, Falconer MA: Clinical, socio- 
economic and psychological adjustment after 
temporal lobectomy. Br J Psychiatry 114:1241- 
1261, 1968. 

19. Lieb JP, Woods SC, Siccardi A, et al: 
Quantitative analysis of depth spiking in relation 
to seizure foci in patients with temporal lobe 
epilepsy. Electroencephalogr Clin Neurophysiol 
44:641-663, 1978. 

20. Hays WL: Statistics for the Social Sciences 
New York, Holt Rinehart & Winston Inc, 1973. 
` 21. Scoville WB, Milner B: Loss of recent 
memory after bilateral hippocampal lesions. 
J Neurol Neurosurg Psychiatry 20:11-21, 1957. 

22. Penfield W, Milner B: Memory deficit 
produced by bilateral lesions in the hippocampal 
zone. Arch Neurol Psychiatry 79:475-497, 1958. 

23. Lansdell H, Mirsky AF: Attention in focal 
and centrencephalic epilepsy. Exp Neurol 9:463- 
469, 1964. 

24. Dodrill CB, Wilkus RJ: Relationships 


siderable research has already sug- 
gested that the dominant and non- 
dominant temporal lobes play differ- 
ential roles in memory function- 
ing.*?'5 Nevertheless, the current 
findings provide evidence of a relation 
between specific behaviors and the 
degree or distribution of depth EEG 
epileptiform discharges recorded 
from temporal lobe structures. 


This study was supported by US Public Health 
Service grant NS-02808. 

Jerome Engel, MD, PhD, provided helpful 
comments, Jeff Walker gave statistical assis- 
tance, and Joan Hopgood typed the manuscript. 


between intelligence and electroencephalograph- 
ic epileptiform activity in adult epileptics. Newro- 
rology 26:525-531, 1976. 

25. Stevens JR: Interictal clinical manifesta- 
tions of complex partial seizures: Discussion, in 
Penry JK, Daly DD (eds): Advances in Neurolo- 
gy, 11: Complex Partial Seizures and Their 
Treatment. New York, Raven Press, 1975. 

26. Hebb DO, Penfield W: Human behavior 
after extensive unilateral removal from the fron- 
tal lobes. Arch Neurol Psychiatry 44:421-438, 
1940. 

27. Milner B: Psychological aspects of focal 
epilepsy and its neurosurgical management, in 
Penry JK, Walter RD (eds): Advances in Neurol- 
ogy , 8: Neurosurgical Management of the Epilep- 
sies. New York, Raven Press, 1975, pp 299-321. 

28. Kooi KA, Hovey HB: Alterations in mental 
functions and paroxysmal cerebral activity. Arch 
Neurol Psychiatry 78:264-271, 1957. 

29. Blakemore CB, Faleoner MA: Long-term 
effects of anterior temporal lobectomy on certain 
cognitive functions. J Neurol Neurosurg Psy- 
chiatry 30:364-367, 1967. 

30. Lansdell H: A sex difference in effect of 
temporal lobe ablations on two lateralized defi- 
cits. Physiol Behav 3:27-273, 1968. 

31. Milner B: Psychological defects produced 
by temporal-lobe excision. Res Publ Assoc Res 
Nerv Ment Dis 36:244-257, 1958. 

32. Rausch R, Serafetinides EA, Crandall PH: 
Olfactory memory in patients with anterior 
temporal lobectomy. Cortex 13:445-452, 1977. 

33. Brown WJ: Structural substrates of seizure 
foci in the human temporal lobe, in Brazier MAB 
(ed): Epilepsy: Its Phenomena in Man. New York, 
Academic Press, 1973. 


Neuropsychologic Correlates—Rausch et al 705 


Short-Latency Somatosensory 


Evoked Potentials 


Mark Kritchevsky, MD, W. C. Wiederholt, MD 


€ Short-latency components of the so- 
matosensory evoked potential (SEP) were 
studied in 20 subjects who had median 
nerve stimulation using knee, forehead, 
and ear reference recordings. Six poten- 
tials were identified (P10, P12, P14, N19, 
P20, P23). Potential P10 seems to origi- 
nate in the brachial plexus, P12 most 
likely is generated in dorsal column nuclei 
and medial lemniscus, P14 is probably 
thalamic in origin but is frequently bilobed 
and may have a second generator source, 
and N19 may originate in sensory radia- 
tion or cortex. The origin of P20 is 
unclear, and P23 appears to be generated 
in the contralateral somatosensory cor- 
tex. Clinically, we recommend using right, 
left, and bilateral median nerve stimula- 
tion at 4 Hz. Intensity of stimulus should 
produce at least a small thumb twitch. It 
was only with knee reference recording 
that all early potentials were seen. 

(Arch Neurol 35:706-711, 1978) 


hort-latency somatosensory evoked 
potentials (SEPs) to median 
nerve stimulation in humans have 
been recorded by a number of investi- 
gators during the last few years.'* In 
arm and leg reference recording, 
there are at l^ ast three early positive 
components that are thought to be 
subcortical in origin.' Work done with 
rats and cats has proved the subcorti 
eal origin of surface-recorded early 
components of the SEP.** Brain stem 
auditory evoked potentials have be- 
come a diagnostic tool for evaluation 
of brain stem disorders. * Since the 
early components of the SEP reflect 
activity in a different set of brain 
stem structures, they may provide 
another method of studying brain 
stem dysfunction. We established op- 
timal techniques whereby SEPs could 
easily and reproducibly be obtained in 
the clinical setting. Then, using these 
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techniques in 20 normal subjects, a 
data base of normal human short- 
lateney SEPs was compiled. 


PATIENTS AND METHODS 


A total of 20 normal volunteers (13 men 
and seven women) ranged in age from 20 to 
45 years (mean age, 29 years). This study 
was approved by the University of Califor- 
nia and VA Hospital Committees on Inves- 
tigations-Activities Involving Human Sub- 
jects. Appropriate consent was obtained 
from all subjects. Since the direct pathway 
from the stimulating electrode to the 
spinal cord could not be measured, we used 
the distance between the site of stimula- 
tion and the spinous process of C-7 as an 
approximation. This distance was com- 
pared with latencies to onset of potential 
P14 using Pearson's correlation coefficient. 
Subjects relaxed in a chair in a quiet room. 
Stimulating needle electrodes (platinum 
alloy 12 mm in length and 0.3 mm in 
diameter) were inserted subcutaneously 
over and perpendicular to each median 
nerve just proximal to the wrist. The 
cathode was placed 1 cm proximal to the 
anode. All subjects had unilateral and bilat- 
eral stimulation. Pulses from a stimulus 
isolation unit were square waves of 0.2-ms 
duration at frequencies of 0.5 Hz, 4 Hz, and 
10 Hz. Stimulus voltage was adjusted to 
produce a small thumb twitch. A ground 
electrode was placed on the subject's left 
upper forearm. Recordings of potentials 
were made from subcutaneous needle elec- 
trodes (platinum alloy 12 mm in length and 
0.3 mm diameter) placed according to the 
international 10-20 system. Reference elec- 
trodes consisted of subcutaneous needle 
electrodes placed just distal to the left 
patella, in the center of the forehead, or 
clip-on disk electrodes on both ear lobes. 

Output from the recording electrodes 
went to a differential amplifier with 
frequency cutoff of 3 dB down at 3 Hz and 
3 kHz, and was stored on frequency-modu- 
lated magnetic tape for later computer 
analysis. A total of 4,000 sweeps were 
computer-averaged, with one sampling 
point per 0.132 ms. This sampling rate was 
compared with a faster one of .040 ms per 
point. No significant difference between 
the two sampling rates was observed (Fig 
1). Total sweep duration was 33 ms, and the 
stimulus was delayed from the syncopation 
pulse by 2 ms. Output was displayed on an 
oscilloscope screen. In all recordings, rela- 


tive positivity on grid 1 of the amplifier 
resulted in an upward deflection. All chan- 
nels were calibrated with a square wave of 
10-ms duration and 10-u V amplitude. Onset 
and peak latencies and peak-to-peak ampli- 
tudes were measured by the computer with 
the help of a cursor on the display screen. 
Means and standard errors were calcu- 
lated. The two-tailed ¢ distribution was 
employed to compare the mean amplitudes 
of potentials at different electrode loca- 
tions. 

The following runs were done on every 
subject (runs 1 through 4 employed a refer- 
ence electrode at the left knee): (1) no 
stimulation, sampling at 4 Hz, (2) 4-Hz 
bilateral stimulation, (3) 4-Hz unilateral 
stimulation on either the left or right side, 
(4) 10-Hz bilateral stimulation, (5) 4-Hz 
bilateral stimulation with clip-on disk elec- 
trodes on the ears as reference, (6) 4-Hz 
bilateral stimulation using a reference 
electrode on the forehead. For all runs, 
recordings were made from electrodes F3, 
F4, C3, C4, O1, O2, and C2. For runs 1 
through 4, activity at both knees was also 
recorded (G1 was located on the left knee, 
G2, on the right knee). For runs 5 and 6, 
respectively, activities at ears referenced 
to left knee and forehead referenced to left 
knee were recorded. 

A series of 4-Hz bilateral stimulation 
runs were done in four subjects using 
increasing stimulus voltages. A 0.5-Hz 
bilateral stimulation run was done in three 
subjects, with 1,000 responses averaged. 

The SEPs were labeled by the system 
recommended by the "Committee on Meth- 
ods at the International Symposium on 
Cerebral Evoked Potentials in Man," Brus- 
sels, 1974. Components were specified by 
polarity and average peak latency to the 
nearest millisecond (as observed in knee 
reference recordings with 4-Hz bilateral 
stimulation). 


RESULTS 


In knee reference recordings, six 
early potentials were identified: P10, 
P12, P14, N19, P20, and P23 (Fig 2 and 
3 and Tables 1 and 2). No potentials 
were seen at any electrode location in 
control runs without stimulation or in 
stimulus runs with recordings from 
left knee referenced to right knee. 

Potential P10 was well defined in all 
subjects. With 4-Hz bilateral stimula- 
tion, latencies to onset and peak were 
8.0 + 0.2 ms and 9.7 + 0.2 ms, respec- 
tively, at all electrode locations. 
Latencies with 4-Hz unilateral and 
10-Hz bilateral stimulation were not 
significantly different. Amplitude at 
C3 with 4-Hz bilateral stimulation was 
2.33 + 0.18 uV and was not signifi- 
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Fig 1.—Comparison of somatosen- 
sory evoked potentials (SEPs) of 
representative subject with aver- 
ages of 4,000 sweeps (A) and 1,000 
sweeps (B). C, Comparison of same 
SEP (4,000 sweeps) averaged at 
0.132 ms (lower trace) and 0.040 ms 
per point (upper trace). 


cantly different at the other electrode 
locations with 4-Hz and 10-Hz bilater- 
al stimulation. With unilateral stimu- 
lation, the amplitude (1.2 + 0.13 uV) 
was significantly smaller than with 
bilateral stimulation (P < .0001). 

Potential P12 was recorded from at 
least one electrode location in almost 
all subjects and had equal amplitude 
when recorded from corresponding 
locations on the two sides of the scalp. 
It sometimes appeared as a positive 
deflection on the downslope of P10 
and occasionally as a positive deflec- 
tion on the upslope of P14. With 4-Hz 
bilateral stimulation, latencies to on- 
set and peak were 11.2 + 0.2 ms and 
11.9 + 0.2 ms, respectively, at all elec- 
trode locations. Latencies with 4-Hz 
unilateral and 10-Hz bilateral stimula- 
tion were not significantly different. 
There were no differences among 
amplitudes at a given electrode loca- 
tion for 4-Hz bilateral, 4-Hz unilateral, 
or 10-Hz bilateral stimulation. Ampli- 
tude at electrode C3 with 4-Hz bilater- 
al stimulation was 0.22 + 0.04 uV; this 
was not significantly different at P3 
or Cz but was significantly less at 01 
(P <.02). Amplitude at 01 with 10-Hz 
bilateral stimulation was also signifi- 
cantly less than that at the other scalp 
locations (P <.04). 

Potential P14 was well defined and 
fairly symmetric on the two sides of 
the scalp in all subjects. It was bilobed 
at at least one electrode location in 
nine subjects. With 4-Hz unilateral 
and bilateral stimulation and with 10- 
Hz bilateral stimulation, latencies to 
onset and peak were 12.6 + 0.2 ms and 


Arch Neurol—Vol 35, Nov 1978 





"eT T 





Fig 2.—Scalp distribution of short-latency somatosensory evoked potentials (SEPs) with 
unilateral right (left) and bilateral (right) 4-Hz median nerve stimulation. Duplicate 
averages of consecutive 2,000 sweeps. Left knee reference. Traces labeled knee are left 
knee referenced to right knee. In this subject, P12 was not well defined and P23 was 


unusually large. 





Fig 3.—Somatosensory evoked potentials of all 20 subjects recorded from C3 referenced 
to left knee. Duplicate averages of consecutive 2,000 sweeps; 4-Hz bilateral median 
nerve stimulation. Potentials P10, P14, and N19 were present in all subjects; P14 was 
often bilobed; and P12 was seen in most subjects. Potential P23 varied considerably in 
amplitude among subjects. 


14.2 + 0.2 ms, respectively, at all elec- 
trode locations. There was no signifi- 
cant difference between amplitudes 
at a given electrode location with 4-Hz 
bilateral and 10-Hz bilateral stimula- 
tion. The amplitude at a given elec- 
trode location was less with unilateral 
than bilateral stimulation (P —.04 at 
01; P —.01 at F3, C3, and Cz). The 
amplitude at C3 with 4-Hz bilateral 


stimulation was 1.23 + 0.11 uV and 
was not significantly different at F3 
or Cz but was significantly less at 01 
(P —.00001) Amplitude of P14 was 
also smaller at the occipital electrodes 
compared with other locations for 10- 
Hz bilateral stimulation (P <.0001) 
and for 4-Hz unilateral stimulation 
(P< .01). 

Potential N19 was readily identi- 
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Table 1.—Latencies of Early Components of SEP* | 


Mean Latencies + SE, ms 






Ru MEE mp MESES A A SOE DAT A TE, A NOS EE eae RIE MRT Latency Range, ms 
4-Hz Unilateral (N = 17) 4-Hz Bilateral (N = 20) 10-Hz Bilateral (N = 19) 4-Hz Bilateral 

Se ae ES SRE MM Á 
Peak Peak 
9.7 + 02 8.5-11.1 
11.9 + 0.2(18) 10.6-13.3 
12.6-15.7 
16.5-21.5 
18.0-20.8 
21.3-24.6 










Peak Onset 
8.0 + 02 
11.2 + 0.2(18) 


12.6 + 0.2 


Onset 
8.1 + 0.2 
11.4 + 0.3(12) 
13.0 + 0.2 
148+ 0.3 
18.1 + 0.3(15) 
20.0 + 0.3(14) 


Potentials Onset 
6.0-8.2 
10.1-12.9 
11.1-14.2 
12.6-15.7 
16.5-18.9 


17.4-21.6 






















































0.2(12) 























































0.3(15) 
22.6 + 0.2(14) 


0.2(15) 
19.5 + 0.3(15) 


0.2(15) 0.2(14) 


0.3(14) 


0.3(14) 
0.3(14) 











*SEP indicates somatosensory evoked potential. Stimulation occurred at wrist; reference was left knee. There were no significant differences among 
latencies at different electrode locations. No. in parentheses are number of subjects in which potential was identified if less than the total. 

tLatencies to onset are significantly longer with 10 Hz compared with 4 Hz bilateral stimulation (P — .01). 

tLatencies to onset are significantly longer with 10 Hz compared with 4 Hz bilateral stimulation (P — .01). 

§Latencies to onset are significantly longer with 10 Hz compared with 4 Hz bilateral stimulation (P < .05). 


Table 2.—Amplitude of Short-Latency SEPs at Different Scalp Locations* 


Mean Amplitude + SE, „V 


and F4. Sometimes P20 appeared to 
extend posteriorly to Cz. With 4-Hz 
bilateral stimulation, latencies to on- 
set and peak were 17.6 + 0.2 ms and 













Stim- Elec- 
ulation trodes P10 P12 P14 N19 19.7 + 0.2 ms, respectively. Amplitude 
4-Hz at F3 was 0.67 + 0.18 nV with 4-Hz 











Unilateral 
(N = 17) 

















bilateral stimulation and was not 
significantly different with 4-Hz uni- 
lateral or 10-Hz bilateral stimulation. 
Potential P23 was well defined in 15 
subjects. With unilateral stimulation, 
it was present only on the contralater- 
al scalp in the central and sometimes 
occipital areas. With bilateral stimula- 
tion, it was often asymmetric. With 
4-Hz bilateral stimulation, the laten- 
cies to onset and peak were 19.5 + 0.3 
ms and 22.7 + 0.8 ms, respectively. 
Amplitude at C3 with 4-Hz bilateral 
stimulation was 1.50 + 0.32 uV and 
did not change significantly with ei- 
ther 4-Hz unilateral or 10-Hz bilateral 
stimulation. The amplitude varied 
greatly among subjects (Fig 3). Poten- 


1.12 0.16 
1.20 +0.13 
1.05 - 0.14 
1.21 € 0.17 
1.16 +0.14 
1.13+0.15 
1.06+0.15 


0.14+0.04 
0.14+0.03 
0.07+0.03 
0.14+0.04 
0.15+0.05 
0.15+0.05 
0.09+ 0.03 


0.77+0.10 
0.80+0.10 
0.36+0.05 
0.77+0.08 
0.81+0.10 
0.67 + 0.08 
0.29 + 0.06 


1.50+0.19 
2.02 + 0.23 
1.23+ 0.14 
1.83 +0.19 
1.59+0.14 
1.73+0.16 
1.10+0.12 


0.46+9.09 




















1.56 + 0.30 
































0.48+0.08 


















4-Hz 
bilateral 
(N = 20) 



















2.35+0.17 
2.33+0.18 
2.02+0.18 
2.37+0.21 


1.40+0.12 
1.23+0.11 
0.55+0.07 
1.46+0.12 


0.25 + 0.06 
0.22+0.04 
0.07+0.03 
0.24+0.06 


3.16+0.27 
3.52+0.28 
2.08 + 0.23 
3.79 + 0.33 


0.67 — 0.18 





















1.50 + 0.32 

















10-Hz 
bilateral 
(N — 19) F3 2.27+0.23 


2.36 + 0.24 
1.89 —- 0.18 
2.40 + 0.23 





0.25 + 0.06 
0.24 +0.05 
0.10 +0.04 
0.31 +0.09 


1.21+0.14 
1.14+0.12 
0.47+0.09 
1.33 - 0.14 


2.45 + 0.26 
2.96 + 0.28 
1:73 0.21 
3.18 +0.29 


0.46 +0.15 


























1.04 +0.24 















*SEP indicates somatosensory evoked potential. Stimulation occurred at wrist; reference was left 


knee. tials P20 and P23 were both present in 
tPotential consistently identified only at locations indicated. 11 subjects; P20 alone was seen in only 


Only 19 subjects had potentials measured at this location. P 
"ns i " four subjects, and P23 was observed 


alone in four subjects. In one subject, 


fied in all subjects. With unilateral given electrode location, the ampli- ^ unilateral recordings were inadequate 
stimulation, it was largest when tude with 4-Hz unilateral stimulation to identify these potentials. 

recorded from the contralateral cen- was less than that with 4-Hz bilateral Latencies were related to the length 
tral electrode, although the amplitude or 10-Hz bilateral stimulation (P< ^ of the peripheral conduction path (Fig 
difference between ipsilateral and .01). With 4-Hz unilateral stimulation, ^ 4). Pearson’s correlation coefficient 
contralateral central electrodes was the amplitudes at 01 and 02 were less ^ between latency to onset of P14 and 
not significant. With 4-Hz bilateral than those at most other electrode loca- ^ distance measured from proximal 
stimulation, latencies to onset and tions(P —.05).Similarly, with 10- Hz bi- electrode site to the C-7 spinous 


peak were 14.2+0.2 ms and  lateralstimulation, the amplitude at 01 process was 0.83 (df = 18; P <.001). In 
18.6 + 0.3 ms, respectively. Latencies was less than that at F3 (P —.04), C3 the four subjects in whom stimulus 
to onset were longer with 10-Hz bilat- (P —.01), and Cz (P <.01). intensity was varied, the peaks 
eral stimulation than with 4-Hz bilat- Following N19, there appeared to be became better defined and of larger 
eral and unilateral stimulation two positive potentials (P20 and P23) ^ amplitude with increasing stimulus 
.(P —.01. The amplitude at C3 with ^ with different latencies and distribu- ^ intensity (Fig 5). The greatest differ- 
4-Hz bilateral stimulation was tions. Potential P20 was well defined ence was seen when the stimulus 
3.52 + 0.28 uV; this was not signifi- in 15 subjects. With unilateral stimu- voltage was inereased from one pro- 
cantly different at. F3 or Cz but was lation, it was present with equal ducing no twitch of the thumb to one 
significantly less at 01 (P —.001). Ata amplitudes when recorded from F3 producing a slight twitch. 
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There was no qualitative difference 
between the SEP obtained by averag- 
ing 4,000 sweeps with that obtained 
from averaging only 1,000 sweeps 
(Fig 1). When 0.05-Hz bilateral stimu- 
lation with recording referenced to 
left knee was compared with 4-Hz 
stimulation, no qualitative difference 
was observed in the early SEPs for the 
three subjects studied. 

Using bilateral ear electrodes as 
reference produced SEPs different 
from those with knee reference 
recordings (Fig 6). Potential P10 was 
never seen, P12 was not as well 
defined, and P23 decreased posterior- 
ly and was sometimes negative at 01. 
The remaining potentials were very 
similar in latencies and amplitudes 
when comparing ear and knee refer- 
ence recordings. 

Using a forehead reference pro- 
duced very different SEPs from those 
with knee or ear reference recordings 
(Fig 6). No potentials were seen at F3, 
P10 and P12 were not seen at any 
electrode location, and at 01 but not 
C3, there was sometimes a small posi- 
tive potential corresponding in laten- 
cies to onset and peak of the negativi- 
ty between P12 and P14 with knee 
reference recording. This was fol- 
lowed by a negative potential that was 
sometimes poorly defined at C3 but 
always well defined at 01, which 
corresponded to P14. The next posi- 
tive potential was larger and had a 
longer latency to peak at 01 than C3. 
It seemed to correspond to the first 
part of N19. This was followed by a 
negative potential often larger at 01 
than C3, which probably corresponded 
to the peaks of N19 and P20. There 
was then a positive potential that 
probably corresponded to P23. 


COMMENT 


In knee reference recordings, the 
SEP consisted of six early potentials 
(P10, P12, P14, N19, P20, and P23). 
The variation among subjects of 
latencies to onset and peak of these 
early potentials correlated with the 
length of the peripheral conduction 
pathway. Latency to onset of P14 
(range, 11.1 to 14.2 ms) was chosen for 
this correlation because it could readi- 
ly be identified in all subjects and was 
felt to be the most accurate latency 
measurement. The positive correla- 
tion agrees well with similar results 
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Fig 4.—Relationship of onset latency of potential P14 to arm length measured from site of 
stimulation at wrist to C-7 spinous process. Pearson's correlation coefficient isr = 0.83 
(df = 18; P < .001). Regression line was described by equation latency — 0.16 x (arm 


length) + 2.24. 


obtained by Matthews et al” for the 
cervical SEPs. 


Potential P10 

Potential P10 was seen only in our 
knee reference recordings; this agrees 
with observations by Cracco and Crac- 
co. Following unilateral stimulation, 
it was recorded from both sides of the 
head and was of equal amplitude at all 
scalp locations. Bilateral stimulation 
doubled the amplitude. Assuming an 
average conduction velocity of 65 m/s 
in the peripheral nerve of man, the 
nerve impulse that produced P10 
(onset latency, 8.1 ms) must have trav- 
eled 53 cm. This suggests that P10 
reflects activity in the brachial plexus, 
because the distance from the wrist to 
Erb's point ranges from 50 to 60 em. 
Similar conclusions were reached by 
Cracco and Cracco' and Jones and 
Small.'' Since peripheral stimulus in- 


tensity is such that a muscle twitch is 
produced, antidromically conducted 
potentials in motor nerve fibers prob- 
ably contribute to P10. 


Potential P12 


Potential P12 was best seen in knee 
reference recordings. It was also fair- 
ly well seen with an ear reference. It 
was observed by Craeco and Cracco' 
with hand and knee references, but 
they could not identify it for certain in 
their ear reference recordings. Onset 
and peak latency differences between 
P10 and P12 were 3.2 ms and 2.2 ms, 
respectively. Assuming that the early 
components of the SEP reflect se- 
quential activation of somatosensory 
structures, these latency differences 
suggest that P12 reflects activity in 
dorsal column nuclei or medial lemnis- 
cus. 
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Fig 5.—Effect of increased stimulus inten- 
sity on somatosensory evoked potential of 
one representative subject. Stimulus volt- 
ages were A, 14.2 V; B, 12.5 V; C, 10.7 V; 
and D, 9.8 V. A produced large twitch; B, 
moderate one; C, small one; and D, 
none. 


Potential P14 


Potential P14 was seen in all refer- 
ence recordings and was frequently 
bilobed. With unilateral stimulation, 
amplitudes were equal when mea- 
sured at corresponding locations on 
the left and right. The amplitude was 
less at 01 and 02 compared with other 
locations. Amplitude doubled with 
bilateral stimulation. Goff et al,’ who 
used contralateral ear reference re- 
cording, observed a potential with 
similar distribution to our P14. The 
same distribution was seen by Cracco 
and Craeco' in ear, hand, and knee 
reference recordings, and they also 
found it to be frequently bilobed. In 
an earlier study, Cracco'* reported P14 
to be more prominent at contralateral 
than at ipsilateral sites with ear refer- 
ence recording. Broughton" recorded 
a potential of identical latency from 
widespread scalp locations with ear 
reference, but did not find a potential 
of similar latency when recording 
from the cortex referenced to the 
skull. He concluded that this compo- 
nent was subcortical in origin. Tamu- 
ra™ studied a patient later proved to 
have a metastatic tumor in the left 
thalamus extending into hypothala- 
mus, internal capsule, pallidum, and 
midbrain. In this patient, P14 was 
present with left median nerve stimu- 
lation in ear reference recordings 
from ipsilateral and contralateral 
scalp, but was absent with right 
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Fig 6.—Scalp distribution of somatosensory evoked potentials referenced to knee 
(left), bilateral ears (middle), and forehead (right). Duplicate averages of consec- 
utive 2,000 sweeps; 4-Hz bilateral median nerve stimulation. Bottom trace on left is 
left knee referenced to right knee. Other bottom traces are ears and forehead 


referenced to left knee. 


median nerve stimulation. 
Recordings with depth electrodes in 
surgical patients have shown a con- 
tralateral thalamie SEP, with the 
initial positive peak having compara- 
ble latency to P14.'^^" In our studies, 
P14 latencies were similar to those 
reported with depth electrodes. This 
strongly suggests that P14 originates 
in the thalamus. Craeco and Craeco' 
attributed the bilobed nature of the 
potential to two different sources. 


Potential N19, P20, and P23 


Potential N19 was seen in all refer- 
ence recordings, was of maximal 
amplitude over the contralateral cen- 
tral area with unilateral stimulation, 
and had greater amplitude with bilat- 
eral than unilateral stimulation. Po- 
tential P20 was seen best anteriorly, 
where it had equal amplitudes on the 
right and left with unilateral stimula- 
tion. The amplitude did not increase 
with bilateral stimulation. With uni- 
lateral stimulation, P23 was seen only 
over the contralateral central and 
sometimes occipital regions. The am- 
plitude did not increase with bilateral 
stimulation. With similar median 
nerve stimulation, Broughton" ob- 
served potentials probably  corre- 
sponding to N19 and P23 when record- 
ing directly from the postcentral 
gyrus. These potentials consistently 
underwent polarity reversal when the 
recording electrode was moved anteri- 





orly. In ear reference scalp recordings, 
this reversal of N19 and P23 was seen 
in only 30% of patients. With right 
median nerve stimulation at 0.25 Hz, 
using contralateral ear reference re- 
cording, Goff et al^ described N19 to 
be maximal over the contralateral 
parietal area and interpreted P20 to 
be a reversed N19. 

With unilateral median nerve stim- 
ulation at 0.5 Hz and 1 Hz and ipsilat- 
eral ear reference recording, Cracco*’ 
observed what were probably N19 and 
P23 to be of largest amplitude over 
the contralateral parietal area. He 
attributed the apparent polarity re- 
versal across the central suleus to an 
inerease in peak latencies going from 
anterior to posterior locations pro- 
duced by apparent traveling waves on 
the cortex. Domino et al” performed 
cryogenic thalamic lesions in patients. 
Using median nerve stimulation and 
epidural recording electrodes over the 
premotor area referenced to nasion, 
they identified what were probably 
N19 and P23. With thalamic lesions in 
ventralis lateralis and part of ventral- 
is posterior lateralis, there was a 
substantial decrease in the amplitudes 
of these potentials. In Tamura's" 
patient with a left thalamie tumor, 
P14, N19, and P23 were all absent. The 
N19, P20, and P23 complex has also 
been studied by other authors. °- 

With unilateral stimulation, N19 
was of maximal amplitude at the 
contralateral C3 or C4 electrodes, but 
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this difference was not statistically 
significant. As discussed previously, 
direct cortical recording shows a nega- 
tive potential with comparable latency 
to N19. Onset latency of N19 was 1.6 
ms later than that of P14. Since P14 
probably reflects thalamic activity, 
N19 probably originates in the senso- 
ry radiation or cortex. Potential P23 
has been recorded directly from soma- 
tosensory cortex. In this study, P23 
was only recorded from contralateral 
scalp electrodes following unilateral 
stimulation and did not increase in 
amplitude with bilateral stimulation. 
This observation suggests that the 
generator of P23 is close to the record- 
ing electrode and that it has a very 
restricted electrical field. Based on the 
evidence discussed, we conclude that 
P23 originates in the somatosensory 
cortex. In our study, P20, unlike N19 
and P23, was found with unilateral 
stimulation to have equal amplitudes 
at corresponding contralateral and 
ipsilateral locations. Therefore, this 
potential cannot be a reversed N19 or 
an early P23 and its origin remains 
uncertain. 


CONCLUSION 


The subcortical origin of the earliest 
components of the SEP was confirmed 
in rats and cats by means of experi- 
mental lesioning and depth record- 
ing.‘ Four major subcortical compo- 
nents were described after forepaw 
stimulation. The first originated in 
the cervical posterior columns and 
nucleus cuneatus. The second was 
generated in the postsynaptic struc- 
tures of nucleus cuneatus, medial 
lemniscus, and inferior cerebellar pe- 
duncle. The third consisted of two 
superimposed potentials: one was seen 
widely over the skull and reflected 
cerebellar or cerebellar pathway activ- 
ity, the other potential was seen over 
the somatosensory cortex and resulted 
from activity in the ventral posterior 
nucleus of the thalamus and sensory 
radiation. The fourth component (the 
only one not seen in the rat) came 
primarily from the sensory radiation. 

Evidence in the literature and in 
this study indicates that short-latency 
SEPs in man reflect activities in 
somatosensory pathways from brach- 
ial plexus to cortex. Potentials P10, 
P14, and N19 were the most reliable 
potentials, present in all 20 subjects. 
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We believe that short-latency SEPs 
can be used in the diagnosis and eval- 
uation of patients with overt or 
subclinical involvement of somatosen- 
sory structures. 

Based on our experience, we recom- 
mend the following. Each side should 
be stimulated independently in order 
to detect unilateral abnormalities. 
Bilateral stimulation should be em- 
ployed because it yields better defini- 
tion of potentials. The stimulus should 
be of such magnitude that it produces 
a moderate muscle twitch. Stimuli of 
low intensity evoke only low-ampli- 
tude potentials. Rate of stimulus 
should be approximately 4 Hz. Slower 
rates take more time and do not yield 
better potentials. Faster rates are 
poorly tolerated. Recording from elec- 
trodes F3, F4, C3, and C4 should be 
used to see all potentials. Knee refer- 
ence recording should be employed 
because P10 and P12 are not well 
defined with other references. Sys- 
tem-band pass must extend to 3 kHz 
to avoid latency distortions." Dupli- 
cate averages of 1,000 sweeps each 
should generally produce acceptable 
potentials. 
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Clinical and Anatomic Findings 


in a Case of Auditory Agnosia 


David R. Oppenheimer, DM, Freda Newcombe, PhD 


| * A case is reported of severe agnosia 
for verbal and nonverbal sounds in a 
setting of well-preserved intelligence and 
transient dysphasic symptoms. The le- 
sions responsible for this disorder were 
bilateral cerebral infarcts, one of which 
had virtually destroyed the areas of 
Wernicke and Broca. The relation be- 
tween lesions and disabilities is dis- 
cussed and comparisons made with other 
published cases. 

(Arch Neurol 35:712-719, 1978) 


Ear agnosia, the inability to 
interpret the meaning of sounds 
unaccompanied by other major dis- 
abilities is uncommon. (Some authors' 
restrict the meaning of the term "au- 
ditory agnosia" to the interpretation 
of nonverbal sounds. In this article, we 
use the term to include word deaf- 
ness. Even less common are cases 
with a well-documented disorder of 
sound recognition and in which the 
brains have shown clearly defined 
lesions, undisturbed by recent vascu- 
lar disasters. During the past century, 
a number of case reports have been 
published, with and without anatomic 
findings. These have been the subject 
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of comprehensive reviews by Vignolo,’ 
Lhermitte and colleagues," Gazzaniga 
et al,’ and others. 

We describe a patient who, having 
previously recovered from an episode 
of right-sided hemiplegia with dys- 
phasia, suddenly lost the ability to 
interpret sounds of all kinds, although 
he could still hear noises and could still 
talk, read, and write. He survived in 
this state for nearly six months and 
died of extracerebral causes. 


REPORT OF A CASE 


The patient was born in 1907, served as a 
regular soldier, and was later a welder in 
the motor industry. He was fully right- 
handed. Slight left-handed tendencies 
were noted only in one of his three chil- 
dren. He had enjoyed good health and was 
not hypertensive. On July 10, 1971, he 
collapsed suddenly, having felt unwell for 
the previous two weeks. On admission to 
the Radcliffe Infirmary, Oxford, England, 
he was fully conscious but almost speech- 
less, with a right-sided hemiparesis and a 
right-sided homonymous  hemianopia. 
Hearing and common sensation were 
intact. A lumbar puncture yielded normal 
fluid at normal pressure. 

During the next two days, power in the 
right arm and leg was regained, though the 
right plantar response remained extensor; 
the visual fields were full. On July 15, 
language functions were assessed. Sponta- 
neous speech was very slow and hesitant; 
he responded to spoken instructions, 
although there was some perseveration. He 
could tell the time, and reading aloud was 
good. Writing was poor: he could only print 


and could hardly write his own name. He 
had diffieulty in reciting the alphabet, 
repeating words, and naming objects. The 
salient feature of his condition was a 
severe expressive dysphasia, with mild 
receptive loss for spoken language. 

He was discharged home after 13 days in 
the hospital, and on examination seven 
weeks after discharge, his speech had 
improved. His wife, however, reported that 
he sometimes did not understand what she 
had said to him. Within a few months, he 
could speak normally and read a newspa- 
per. 

The second episode was on April 28, 1972. 
During the afternoon, he had pain in the 
chest after exertion. During the night, he 
became confused and very agitated and he 
was admitted to hospital, where he was 
found to have a right-sided hemiparesis 
and hemianopia, with expressive dyspha- 
sia. These symptoms rapidly improved, and 
a few hours later, when seen by a neurolo- 
gist, the patient was able to converse 
normally and give a clear account of the 
previous day's events. The only positive 
sign was a minimal right-sided hemipare- 
sis, present since the first episode. Cardiac 
muscle enzymes were found to be 
increased; the diagnosis of a myocardial 
infaret, followed by transient cerebral 
ischemia was made. 

Nine days after admission, on May 8, 
there was a third episode. He had awak- 
ened that morning feeling confused "as if 
there was something wrong in (his) head." 
He was oriented in place, but could not 
understand why the time on his watch 
seemed to have changed. He did not 
respond to speech, but obeyed gesture and 
read print well. His speech was garrulous 
but rational. Past and recent memory was 
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good. Two days later, it was noted that 
very few spoken words were recognized; he 
sometimes caught a word or guessed the 
purpose of a question from vision, gesture, 
or context, but complained that his visitors 
were not speaking clearly enough. There 
was a minimal nominal dysphasia, calcula- 
tion was fair, and right-left orientation 
was not grossly impaired. He could read 
with comprehension and responded appro- 
priately to written instructions and mime. 
He recognized the buzzing of a tuning fork 
but not the ticking of a watch or a hand 
clap. On May 16, he was seen by an ear, 
nose, and throat registrar who reported 
that clinical examination of the ears was 
normal. He considered that quantitative 
audiometric assessment was impracticable, 
but added that the patient had no difficul- 
ty in hearing the spoken word: “the prob- 
lem...is more central.” A brain scan on 
May 13, showed an abnormal uptake in the 
right posterior temporal region. 

No improvement in word or sound recog- 
nition was noted during his stay in hospital 
and he was discharged home on May 18. A 
month later, he was still unable to under- 
stand the spoken word, but his wife 
thought that lip reading had improved. 
Bone conduction was better than air 
conduction on the right side, whereas air 
conduction was better on the left. Weber 
was referred to the right. From then until 
his death, on Oct 26, 1972, his condition 
remained much the same except for an 
improvement in speech, reading, and writ- 
ing. According to his wife, his spontaneous 
speech seemed normal to outsiders, but she 
noticed slurring when he was excited. He 
read newspapers and discussed their 
content with his wife in the evening when 
she returned home from work. He spent 
most of the day on his own, reading, walk- 
ing, and shopping. 

On occasion, he could hear the telephone 
ringing; he usually told callers that he could 
not hear what was being said and that they 
should telephone his daughter. He thought 
of himself as deaf, but his wife noted that 
he disliked the noise of their television set 
and compelled her to turn the volume so 
low that she herself could not hear what 
was being said. He did not, however, react 
to noises outside the room; he did not 
respond to people knocking on the front 
door or ringing the door bell, or to the 
sound of his grandchild crying in the next 
room. 

His remote memory remained remarka- 
bly good and he had no difficulty in recall- 
ing the events of daily life. Two or three 
days before his death, he negotiated the 
sale of a watch for an appropriate sum of 
money, and a few hours before his death, 
reminded his wife of the transaction and 
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Fig 1.—Specimen of patient's handwriting a few days after onset of auditory 
agnosia. Children's names are Kathleen, Susan, and John. 


the fact that the buyer was due to call to 
collect it. Topographical memory and 
orientation were unimpaired; he traveled 
alone by bus for his errands or to visit the 
hospital. He usually had a small shopping 
list and had no difficulties with change, 
either at local shops or at the neighboring 
supermarket. He was thought to have 
become childish and irritable, giving away 
small but valueless trinkets to visitors, and 
occasionally shouting at his wife. But she 
considered this behavior to be an exagger- 
ation of previous personality traits; he had 
always been quick-tempered and some- 
what extravagant. An ex-regular guards- 
man, he was well-groomed until the day of 
his death. 


PSYCHOLOGICAL 
AND AUDITORY TESTS 


These tests were carried out be- 
tween May 8 and May 18, 1972. The 
salient feature was the disorder of 
word and sound recognition to be 
described. This disorder occurred in a 
setting of mild dysphasia. Speech was 
fluent but included repetitions and 
paraphasias. Words were clearly artic- 
ulated, but the amplitude of his voice 
varied unpredictably and tended to be 
loud. He had no difficulty in reading 
single words, but his attempts to read 
aloud paragraphs of a modern novel 
were distorted by repetition, omis- 
sion, and a very occasional neologism. 
Comprehension of written instruc- 
tions was fairly good, but test instruc- 
tions sometimes had to be para- 
phrased before he fully understood 
them. The gist of his own written 
messages was usually clear, but they 
included a number of perseverative 
and spelling errors (Fig 1). 

For example, the following is a 
typed copy of a letter written by the 





patient to his wife within 24 hours of 
the onset of auditory agnosia and 
word deafness: 


you would had 

brought too to the Sister 

my suit too the Sister 

my Suit and Brought my 

CLOWES too the HOSPITAL 

NOT without asking the 

Doctor without asking 

the Doctor IF the Doctor 

then I bring them If the 

Docter Ill I WILL WHAT 

the doctor TELLS ME WHAT 

The Doctor I WILL NOT The 

Doctor tells me Ill I WILL 

DOO WHOT the Doctor tells 

me want me too Doo. 

[8 : v : 1972] 

In contrast, some nonverbal abilities 
were well preserved, eg, block design, 
cube counting, and nonverbal span 
(see Milner‘ for a description of the 
latter task). 

The patient was rarely able to 
understand speech, although he con- 
sistently maintained that some voices 
were easier to understand (eg, one of 
the examiners who spoke slowly); he 
sometimes complained if speakers 
raised their voices. His ability to 
repeat single words was tested on 
May 16. Fifty-five short words were 
presented in three different condi- 
tions: (1) on tape through earphones 
(condition T), (2) spoken by the exam- 
iner whose lip movements were visible 
(condition Sp + V), and (3) spoken by 
the examiner whose lip movements 
were concealed (condition Sp). The 
patient usually attempted a response 
to the auditory signal, but there were 
a few, relatively long sequences (in 
conditions T and Sp) during which he 
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Condition 
T 
Sp + V 
Sp 


J 


Table 1.—Correct Responses to Consonants and Vowels in a List of 55 Words 


Initial Consonant, 
N = 55 (%) Vowel, N = 55 (%) 
5 (9.3) 18 (30.9) 
24 (42.6) 32 (56.4) 


7 (13.0) 15 (27.3) 


Final Consonant, 
N = 53 (%) 
9 (17.0) 
9 (17.0) 
2 (3.8) 


Table 2.—Correct Responses to Distinctive Features of Consonants in a List 


Condition CA, N = 17 (%) Labial, N = 16 (%) Labial, N = 37 (%) 
Sp + V 14 (82.4) 14 (87.5) 22 (59.5) 


Sp 5 (29.1) 6 (37.5) 11 (29.7) 


of 55 Words 


Initial Consonant 


Table 3.—Confusion Matrix for Initial Stop 


and Nasal Consonants in Sp + V Condition 


Response 


Fricative 





Final Consonant: 


Omission 








Fig 2.—Coronal slice at level of geniculate bodies, passing through transverse (Heschl's) 


gyri. On left, gyrus is completely destroyed; on right, only partially so. 
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produced only a puzzled, stereotyped 
"what?" or "please?" 

There were 20, 47, and 25 scorable 
responses in conditions T, Sp + V, and 
Sp, respectively (Table 1). He was 
more successful at repeating vowels 
than initial or final consonants; his 
errors were often drawn from the 
same phonetic category. Table 2 gives 
his ability to reproduce features of the 
initial and final consonants, in the 
case of labials and coronal obstruents 
(Smith? gives a description of these 
categories). His performance was no- 
tably better in the Sp-- V condition; 
place of articulation of the initial 
consonant was incorrect in only two of 
the 47 responses. In this condition 
also, the pattern of response to the 
initial stop and nasal consonants 
(Table 3) showed consistent trends 
(p— b; b— m) rather than random 
error. 

His ability to recognize familiar, 
nonverbal sounds was examined on 
May 18. A tape (O. Spreen and A. L. 
Benton, oral communication, 1963) 
comprising 26 environmental sounds 
(eg, coughing, miaowing, gunfire, and 
bird song) was relayed binaurally in 
three conditions. First, the subject 
was asked to describe what he had 
heard. In the two subsequent condi- 
tions, he was asked to match each 
sound with a picture selected from an 
array of three pictures for the 13 
sounds in set A and an array of two 
pietures for the 13 sounds in set B 
(The pictures were drawn by one of 
the examiners, since the recognition 
test cards of Spreen and Benton were 
not available at the time. The same 
technique and drawings were used to 
examine a 10-year-old child with a 
severe disorder of speech sound pro- 
duction who made no errors in this 
version of the test). Before using the 
recognition procedures, the patient 
was asked to name and describe all the 
pictures used in the array; he had no 
difficulty in doing so. 

From tape alone, the subject failed 
to identify any of the sounds but 
always interpreted them as speech, 
saying repetitively "please," "where," 
"yes," and occasionally a neologism 
"nar." When asked to match sound 
with picture, his performance was no 
better than chance: four and nine 
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correct choices in sets A and B, respec- 
tively. When the matching task was 
repeated with arrays of three pictures 
on June 12, there had been no 
improvement. He made four and six 
correct choices for sets A and B, 
respectively. He did, however, respond 
whenever an auditory stimulus was 
relayed on the tape. Since his capacity 
to discriminate speech and nonspeech 
sounds was in doubt, the melodies 
(without words) of 14 songs, very 
familiar to his generation, were 
played binaurally and he was asked 
what he had heard. On one occasion 
only did he describe an orchestra; he 
otherwise interpreted the sound as 
speech. 
NECROPSY FINDINGS 

The heart showed fibrosis and focal 
thinning of the left ventricular wall. 
There was adherent antemortem 
thrombus near the apex of the left 
ventricle. All the main coronary arte- 
ries were narrowed, and the circum- 
flex branch of the left coronary was 
completely occluded by atheroma. The 
aortic arch, common and internal ca- 
rotids, and vertebral arteries were 
healthy. The liver showed changes of 
chronic venous congestion, and there 
was a large old infarct in the right 
kidney. Other viscera were unremark- 
able. 

The brain (1,480 g) showed external- 
ly two areas of old cortical infarction 
with shriveling. These involved the 
left inferior frontal gyrus and inferior 
parietal lobule, and the right superior 
temporal gyrus. The pattern of the 
basal vessels was normal, and the 
arteries were healthy except for a few 
plaques of atheroma. In coronal slices 
(Fig 2 and 3), the lesion on the left side 
extended from near the frontal pole, 
some 10 em back to behind the sple- 
nium of the corpus callosum, destroy- 
ing part of the inferior frontal gyrus, 
the whole of the frontal and parietal 
opereulum, insula, and the superior 
surface of the posterior half of the 
temporal lobe. On the right, the lesion 
lay more posteriorly, starting at the 
level of the mamillary bodies, where it 
involved the superior temporal gyrus 
and temporal operculum, and extend- 
ing 8 em backward to end in the 
inferior parietal lobule. The insula 
was not involved. 
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Fig 3.—Tracings from coronal slices. Areas of destruction shown in black. Convention: 
A1 indicate level of mamillary bodies; A2, A3, and A4 lie 1, 2, and 3 cm, respectively in 
front of A1; and P1, P2, P3, and P4 lie 1, 2, 3 and 4 cm, respectively behind A1. Lateral 
ends of Heschl's gyri lie at level A1, their medial ends at level P3. 
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Fig 4.—Upper surfaces of temporal lobes; left and right. Temporal lobes have been 
reassembled from centimeter-thick coronal slices and skewered together. 





Fig 5.—Tracings from photographs, showing areas of destruction of superior temporal 
cortex. 


The left and right temporal lobes 
were cut out and reassembled as 
shown in Fig 4 and 5. On the left, the 
posterior two thirds of the upper 
surface of the temporal lobe was 
destroyed; on the right, there was a 
band of infarction, crossing and 
partially destroying the transverse 
(Heschl’s) gyrus and also destroying 
the posterior part of the planum 
temporale. The rest of the cerebral 
hemispheres seemed normal apart 
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from a mild (probably compensatory) 
dilation of the ventricles. There 
were no lesions in the central gray 
matter or in the brain stem and cere- 
bellum. 


Histology 


Sections of the softened areas (left 
frontal and temporal: right temporal 
and parietal) showed the usual late 
features of anemic cortical infarction. 
The affected cortex consisted of an 


outer shell of solid glial tissue and an 
inner zone composed of small blood 
vessels and phagocytes. Deep to this 
was degenerate white matter, with 
variable loss of myelin and axis cylin- 
ders, and conspicuous swollen-bodied 
astrocytes. There was no obvious 
difference between the appearance on 
the left side, where the presumed age 
of the lesion was 15 months, and that 
on the right, with a presumed age of 
five months. On both sides, there were 
local variations, as easily attributable 
to variations in the intensity of the 
insult as to differences of timing. 

The thalamus and tegmentum of 
both sides were examined in serial 
sections. Here, there was a noticeable 
difference between the two sides. On 
the right, there was a small patch of 
nerve cell loss in the medial geniculate 
body, with slight glial proliferation 
among the fibers approaching it from 
above and laterally. On the left, there 
was severe (though not complete) cell 
loss in the medial geniculate body, 
with heavy gliosis in a band lying 
between the lateral geniculate body 
and the reticular nucleus of the thala- 
mus (Fig 6); also gliosis, less conspic- 
uous, in Forel’s field and in the fronto- 
pontine part of the cerebral peduncle. 
The splenium of the corpus callosum 
showed some diffuse loss of myelin, 
with gliosis. No acute lesions, of any 
kind, were observed. 


COMMENT 
The Nature of the 
Psychological Disturbance 


Patients with auditory agnosia, 
including the present case, can distin- 
guish noise from silence; they have 
described it as “rattles and squeaks,’ 
“a continuous humming,” or an 
uncomprehending "ca crie." A well- 
studied patient of Lhermitte and his 
co-workers’ reported: "Lorsqu'on me 
parle, c'est comme si c'était loin... . et 
trop prés en méme temps; comme si il 
y avait un léger voile tout pres de mes 
oreilles, j'entends aoua...aoua... 
aou...ca roule; la musique, ca fait 
tout un brouhaha, un boucan." In 
contrast, our patient was not able to 
distinguish between speech and mu- 
g]e.' 5? 

The question arises as to how 
patients with this disorder occasional- 
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Fig 6.—Left geniculate bodies. Severe loss of nerve cells in medial geniculate body, and 
glial proliferation here and in auditory radiation (arrows [Nisel stain, x 10]). 


ly recognize a word or an environmen- 
tal sound. They have been described as 
hearing doors opening and shutting, 
a softly rung bell,^ or the telephone. 
Wohlfart et al* noted of their patient 
that "he could tell the difference 
between the jingle of a bunch of keys 
and knocks against the wall, provided 
he had been told the noise must be one 
of those two"; the patient described by 
Jones and Dinolt" heard the word 
"glasses" when his attention was 
focussed on reading. It is possible that 
context and the narrow range of 
probabilities against recognition in 
the way that patients with visual 
agnosia may recognize beds, tables, 
chairs, and eating utensils in an 
appropriate setting. 

The recognition disorder in our 
patient cannot be attributed to gross 
sensory loss. In addition to the clinical 
examination, the patient's attempts 
at repetition showed that some pho- 
netic features were detected and 
correctly reproduced, especially the 
vowel sounds; the trend to regularity 
in the pattern of error (Table 3) is not 
characteristic of deaf subjects,” but 
resembles in some respects the per- 
formance of dysphasic patients.'^' 
Our patient's errors, including some 
interesting cluster responses (p— 
brid — tr;/$ /—tr) suggested that 
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he may have had a specific deficit in 
the discrimination of voicing and 
nasality (Smith, personal communica- 
tion, 1977). This capacity to detect 
some features of an auditory signal is 


implied by the errors of other 


patients, eg, elevator — vibration of a 
tuning fork* and tinkling glass — 
jingling keys.'* These recognition dis- 
orders may occur without peripheral 
hearing loss’ or with only a slight 
diminution of acuity.*'^'* Other pa- 
tients, like ours, have been difficult to 
test^ or they may show such puzzling 
variation in standard audiometry and 
Bekesy tests" as to make a single 
chart of dubious importance. The role 
of auditory inattention, noted by 
Lichtheim'^ and several other work- 
ers, notably Hemphill and Stengel," 
has yet to be explored; the need for 
more refined tests of central auditory 
processing is too patent to require 
discussion. 

The severe auditory recognition 
disorder of our patient was initially 
accompanied by milder disturbances 
of speech, reading, and writing; most 
cases of auditory agnosia, where 
language has been more than cursori- 
ly examined, show at least mild diffi- 
culties in. reading,^'* writing,’ and 
spelling. Our patient's spontaneous 
speech was fluent after the vascular 


accidents, but there were occasional 
paraphasias and stereotyped, repeti- 
tive phrases. This perseveration, more 
noticeable in his writing during the 
acute phase (see aforementioned writ- 
ing sample), has often been described 
in patients with auditory agnosia.*** 
Klein and Harper’ commented on 
their patient with word deafness that 
the most striking feature of his speech 
was the constant repetition of words 
and whole phrases, almost as if he was 
not sure what he said. Other patients 
find their own voices unclear or slight- 
ly noisy; their speech, however, may 
be unaffected by delayed auditory 
feedback.* 

Our patient's dysphasic symptoms 
resolved during the few months 
preceding death, during which (as 
Lichtheim'" noted of such patients) he 
resembled a deaf person, whereas 
patients with aphasic comprehension 
difficulties for both spoken and writ- 
ten language may be misdiagnosed as 
confused or demented. His speech was 
by then normal, but his voice was 
louder than before; we note that 
changes in voice quality have some- 
times been associated with auditory 
agnosia: raised tone”; a "rather loud 
and monotonous tone"; rising inflec- 
tions'*^; and high pitch, even where 
there was little if any evidence of 
sensory loss.” In turn, our patient 
complained that some of his visitors 
spoke too loudly; there are similar 
reports in the literature: "it was easier 
to follow quiet talk"; children made 
too much noise singing in the same 
room'5 and the breaking of an egg 
shell was heard as a loud crash.* These 
phenomena suggest changes in the 
normally sharply tuned properties of 
the cochlear nerve.” 


Anatomic Correlations 


Cases such as the one we are report- 
ing have attracted interest because of 
their relevance to problems of localiza- 
tion of function within the cerebrum. 
These problems have been debated, 
with particular reference to the condi- 
tion of word deafness, since the last 
century; Freud’s** monograph on 
aphasia being an outstanding exam- 
ple of critical reasoning on this 
subject. Recent reviews include 
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ga et al,’ and Goldstein.” 

There seems to be general agree- 
ment that the auditory fibers from 
the medial geniculate bodies end in 
Brodmann’s areas 41 and 42, that is, in 
the transverse (Heschl’s) gyri, lying 
across the upper, buried, surfaces of 
the temporal lobes.*°*’ In theory, 
bilateral destruction or undercutting 
of these areas should result in total 
deafness. In a massive review of 
. the existing literature Henschen^ 
claimed to have found nine cases of 
so-called cortical deafness due to bilat- 
eral lesions of Heschl's gyrus. Com- 
paring these nine cases with 14 of 
pure word deafness (ie, loss of compre- 
hension.of the spoken word without 
loss of hearing and without gross 
disturbance of other language func- 
tions) Henschen concluded that the 
second group was able to hear because 
at least a part of one or other Heschl's 
gyrus had been preserved. On this 
view, our own patient owed his residu- 
al hearing to the small intact remnant 
of his right Heschl's gyrus. It is now 
suspected' that many published cases 
of cortical deafness were inadequately 
tested and were suffering from audi- 
tory inattention rather than deafness. 
Perhaps the most convincing case 
report is that by Clark et al, in which 
the insulae and temporal opercula 
were "disconnected" by bilateral 
hemorrhages in the external capsules 
(Lhermitte et al? question the proprie- 
ty of the term "cortical deafness" in 
this ease. They suggest that the 
patient's deafness was caused by 
bilateral retrograde degeneration of 
the medial geniculate bodies). 

In auditory agnosia, two main 
ingredients are commonly recognized; 
word deafness and the inability to 
interpret nonverbal sounds. The two 
usually go together, as in our case, and 
in nearly all cases with necropsy there 
have been bilateral temporal lobe 
lesions, almost always involving the 
planum temporale, which lies immedi- 
ately behind Heschl’s gyrus. Apart 
from the cases listed by Henschen^ 
and his own case, reports on autopsy 
cases of word deafness include those 
of Liepmann and Storch,” Barrett," 
Schuster and  Taterka,^ Misch,” 
Pótzl,?** Wohlfart et al? Mahoudeau 
et al? Lhermitte et al? and Kanshe- 
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Date Anatomic Changes 
June-July 


with thrombus in left 
ventricle 
Embolism of thrombus to a 
branch of the left middle 
cerebral artery 
Subsidence of edema 
surrounding infarct 


July 10, 1971 


July 1971 


Further episode of myocardial 
infarction, causing transient 


arterial hypotension 


Embolism of thrombus from 
heart to branches of the 
right and (?) left middle 
cerebral arteries 


Retrograde degeneration in 
medial geniculate bodies 


May-October 
1972 


October 26, 
1972 


polsky et al.** In all these cases there 
was a lesion of the left temporal lobe, 
and in all but two, a lesion on the right 
as well. The exceptions are the cases 
of Liepmann and Storch” and of 
Schuster and Taterka. In the latter, 
there was total inability to compre- 
hend the spoken word, with exception- 
ally good preservation of all the other 
language functions, along with a 
severe but incomplete loss of compre- 
hension of nonverbal sounds. The 
lesions lay on the left, involving claus- 
trum, external capsule, and white 
matter deep to the temporal opercu- 
lum. The cortex itself was intact. 

In nearly all cases of word deafness, 
there is also a severe or mild nonver- 
bal auditory agnosia as well; as far as 
we know, there is only one report of 
nonverbal auditory agnosia with good 
understanding of the spoken word. In 
this case, there was a single, unilat- 
eral lesion affecting the right insula, 
inferior parietal lobule, and the me- 
dial part of the temporal operculum. 

Turning to our own case, the corre- 
lation of clinieal disturbances with 
observed lesions is fairly clear in some 
respects, obscure in others (Table 4). 
The episode of July 10, 1971, is attrib- 
utable to an embolus coming from the 
left side of the heart and infarcting an 
area supplied by the left middle cere- 
bral artery. The episode of April 28, 
1972, with symptoms lasting only a 
few hours, was probably due to tran- 


Table 4.—Suggested Correlations 


Coronary atheroma leading to 
1971 myocardial ischemia; infarct 


Further myocardial infarction 


Clinical Effects 
Patient felt unwell 


"Stroke," with right-sided hemiparesis, 
dysphasia, and homonymous 
hemianopia 


Rapid recovery from hemiparesis and 
hemianopia; slower and incomplete 
recovery from dysphasia 


Recurrence of right-sided hemiparesis, 
hemianopia and dysphasia, with 
recovery to previous state within a few 
hours 


Patient felt confused; unresponsive to 
speech, but rational and able to talk and 
read; not deaf, but failed to understand 
nonverbal sounds 


Auditory agnosia and word-deafness 
persisted unchanged 


Patient died 


sient ischemia of an area in the left 
frontal and temporal lobes that had 
escaped infarction but suffered from 
reactive edema after the first episode. 
This could have been caused by a short 
spell of arterial hypotension conse- 
quent on a myocardial infarct. 

What happened in the final episode 
of May 8 is harder to envisage. If it 
was simply an embolism to the right 
middle cerebral artery, it is difficult 
to see why this produced word deaf- 
ness, of which there was no trace on 
the previous day. It may well be that 
emboli lodged in both left and right 
middle cerebral branches at about the 
same time, the one on the left enlarg- 
ing the already-existing infarct. 

Still harder to explain is the fact 
that the patient, with most of 
Wernicke's area and the whole of 
Broca’s area having been infarcted, 
could still talk, read, and write, 
although the left hemisphere was 
dominant for speech, as it seems from 
the details of the first episode of 
dysphasia with right-sided hemiple- 
gia. A similar problem faced Boller,” 
who described a right-handed patient 
with no aphasic disturbances at the 
time of death, in whom necropsy 
showed an old softening of the poste- 
rior third of the left superior temporal 
gyrus, including the planum tempo- 
rale. Boller argues that the patient’s 
“speech area” must have been on the 
right side, and regards the case as 
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providing negative evidence of 
crossed aphasia in a dextral patient. 
This view would not easily account for 
the preservation of speech and writ- 
ing in our own patient, and we think 
that in both cases alternative ex- 
planations can be found, for instance, 
individual variations both in the 
organization of language within the 
left hemisphere and in the capacity 
for reorganization and recovery of 
funetion after damage to the lan- 
guage areas. 

There are good reasons for suppos- 
ing that such variability exists. The 
fact that after left-sided hemispherec- 
tomy in early life a child learns (or 
relearns) to talk shows that areas 
other than Wernicke's area are poten- 
tial "speech centers.'**^' It seems that 
whereas the motor cortex and the 
primary visual cortex can be accurate- 
ly defined and are constant in their 
location, areas concerned with speech 
are less precisely localized.** This, if 
true, need not cause surprise. 

Vision and the cerebral control of 
movement, are as old as or older than 
the mammalian class itself, and the 
anatomic bases for these have become 
stereotyped. Speech is a recent acqui- 
sition, and it is reasonable to suppose 
that its neural basis may vary from 
subjeet to subject. Very little is known 
at present about such individual varia- 
tions.” Although it may be legitimate 
to say that lesions of Broca's area tend 
to interfere with expressive speech, 
lesions of the left posterior and 
superior temporal area interfere with 
understanding of the spoken word, 
and lesions of the left supramarginal 
and angular gyri interfere with 
disturbances of reading and writing, 
it is unwise to suggest a constant 
correlation of bits of cortex with 
isolated language functions. (Recent 
evidence on the broad localization of 
language functions is found in Ker- 
tesz et al." There is still a need for 
detailed mapping of lesions in pa- 


Arch Neurol—Vol 35, Nov 1978 


CORINRSCTSPRCORRNRENICGIUE Un XP TENUES E] s 


3 


tients with language disorders; but if 
we are to learn more about variations 
between individuals, these need to be 
supplemented by studies of brains 
with lesions in the "speech areas" 
from patients whose language func- 
tions were intact or nearly so. 


The clinicians at the Radcliffe Infirmary and 
Churchill Hospital made their case notes avail- 
able. Dr Mark Haggard, Dr Neil Smith, and Dr 
Philip Smith commented on the patient's 
performance on auditory tests. 
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Behavioral Sequelae 


of Closed Head Injury 


A Quantitative Study 


Harvey S. Levin, PhD, Robert G. Grossman, MD 


e We determined the profile of behav- 
ioral disturbance in relation to closed 
head injury of graded severity. Patients 
with severe injuries, as defined by dura- 
tion of coma and the presence of neuro- 
logic deficit, were differentiated from a 
group of mildly injured patients by behav- 
ioral ratings that reflected cognitive disor- 
ganization, emotional withdrawal, and 
motor retardation. Neurologic measure- 
ments of injury related to the severity of 
behavioral disturbance included hemipar- 
esis, aphasia, and abnormalities on com- 
puterized axial tomography. Agitation dur- 
ing the acute phase of injury was also 
predictive of residual behavioral distur- 
bance. Hemispheric lateralization of the 
site of greatest injury had no discernible 
effect on behavioral sequelae. 

(Arch Neurol 35:720-727, 1978) 


wide spectrum of psychiatric 

disorders has been described 
following closed head injury (CHI), 
though their relationship to neural 
injury continues to be uncertain and 
controversial.” Mechanisms that may 
be responsible for the behavioral 
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effects of CHI include altered central 
neurotransmitter metabolism," neu- 
roendocrine disturbance related to 
pituitary involvement,'* reduced cere- 
bral blood flow,'* and disruption of the 
arousal effects of the mesencephalic 
reticular formation." In an ongoing 
study of the neuropsychological, neu- 
rological, and social sequelae of CHI, 
we have been impressed with a 
distinetive pattern of emotional and 
behavioral disturbance following inju- 
ry and its contribution to prolonged 
funetional disability, even in cases in 
which there is no noteworthy neuro- 
logical or intellectual deficit. 

Previous studies of the psychiatric 
sequelae of head trauma have often 
neglected to differentiate patients 
with CHI from patients with missile 
wounds of the brain and have 
employed nosological categories of 
psychiatric disorder to characterize 
the behavioral effects.'? In this inves- 
tigation, the Brief Psychiatric Rating 
Seale (BPRS) of Overall and Gorham” 
was used to quantitate observations of 
manifest psychopathology in CHI pa- 
tients and thereby obtain a profile of 
behavioral disturbance. Sensitivity of 
the BPRS to psychopathology in 
neuropsychiatric populations with di- 
verse disorders has been amply 
proved.''* Duration of coma, neuro- 


logical findings, EEG tracings, and 
neuroradiological findings (including 
the presence of intracranial hemato- 
mas shown by computerized axial 
tomography (CT) of the head and 
arteriography) were used as measures 
of severity of injury. 


SUBJECTS AND METHODS 
Subjects 


A total of 50 patients who had sustained 
nonmissile trauma to the head were stud- 
ied while hospitalized on the neurosurgery 
and neurology services, University of 
Texas Medical Branch. Twenty previously 
hospitalized patients were studied as 
outpatients during the course of their 
recovery from CHI. A total of 62 men and 
eight women comprised the sample. The 
patients were categorized as having had 
CHI in a broad sense, meaning that their 
primary mechanism of injury at the time 
of impact was one of blunt trauma, rather 
than a penetrating injury. Vehicular acci- 
dent was the predominant cause of injury. 
Patients were included in the study if their 
age did not exceed 50 years and they had 
not suffered from alcoholism, previous 
cerebral disease or injury, or psychiatric 
illness. An age limit was employed to 
minimize the possibility of confounding 
the effects of CHI with age-related degen- 
erative changes. 

The neurological data base consisted of 
serial neurological examinations, skull 
films, EEG, angiography, and surgical 
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Table 1.—Data for Patients 
Recovering From Closed Head 


Injury 
Severity of Injury 


Grade Grade Grade 
| il Il 
(N 225) (N = 24) (N = 21) 
Age at injury, yr 
X 29.4 23.3 24.3 


SD 11.5 7.1 8.6 


Education, yr 
X 10.2 10.7 10.1 


SD 3.2 1.9 2.6 


Interval, days* 
X 27.8 55.0 


SD 65.2 115.7 


205.7 
292.3 


*Between date of injury and date of testing. 


findings. The CT scans were available for 
cases studied within the past two years. 
Severity of acute CHI was graded accord- 
ing to a three-point scale based on duration 
of coma and the presence of acute neuro- 
logie deficits. The term "coma" as used 
here refers to failure of the patient to 
respond verbally or with purposeful motor 
response to vocal or somatic stimulation by 
the examiner. The criteria for classifying 
an injury as grade I (n = 25) were 
consciousness on admission and throughout 
the period of hospitalization and absence of 
neurologic deficits. Transient loss of con- 
sciousness for several minutes following 
impact did not exclude assignment of 
grade I. Grade II patients (n = 24) were 
comatose for not more than 24 hours 
although they had been stuporous for a 
longer interval and may have had neuro- 
logie deficits. Patients whose injury was 
rated as Grade III (n = 21) had a duration 
of coma exceeding 24 hours and may have 
manifested focal neurologic deficits. Hemi- 
paresis was present in five grade II inju- 
ries (21%) and in 11 grade III patients 
(52%); 11 grade II patients (46%) were 
acutely aphasie as compared with ten 
grade III patients (48%). Aphasie distur- 
bance was inferred from clinical observa- 
tions and scores below the second percen- 
tile on at least two subtests of a standard- 
ized aphasia examination." 
Supplementary analysis considered the 
effects of mesencephalic brain stem injury 
in patients with grade III injury (n = 6). 
The presence of injury to the mesenceph- 
alic brain stem was inferred from the 
presence of at least one of the following 
signs of disturbance of oculovestibular 
systems: bilateral pupillary abnormalities 
and bilateral oculomotor pareses, not due 
to intraorbital injury; skew deviation; 
severely abnormal responses to ice water 
caloric stimulation of the vestibular sys- 


Arch Neurol—Vol 35, Nov 1978 





tem. Within the context of the study of 
severely head-injured patients, we believe 
that it is reasonable to use the presence of 
bilateral oculomotor palsies as an indicator 
of the occurrence of traumatic forces in the 
area of the brain stem. The treatment 
regimen for patients with severe CHI at 
our hospital includes the use of corticoste- 
roids for one week after injury and pheny- 
toin, 100 mg thrice daily, for three months 
as a prophylaxis against seizures. Behav- 
ioral ratings were unrelated to whether the 
anticonvulsant was in use at the time of 
assessment. 

The mean age of the total sample was 
25.8 years (SD = 9.6); the mean age of the 
subgroups of patients with grade I, II, and 
III injuries is given in Table 1. Preliminary 
analysis of variance confirmed the impres- 
sion of an overall difference in age for the 
three grades of injury (F[2,67] = 3.06; 
P < .05), whereas the other comparisons 
were not significant. Nonequivalence of 
age was not considered to invalidate fur- 
ther comparisons insofar as behavioral 
ratings on the scales employed do not vary 
within the age range studied here. As 
suggested in Table 1, the subgroups of 
patients did not appreciably differ in 
educational level. The interval between the 
date of injury and the date of behavioral 
assessment varied significantly (F[2,67] — 
6.44; P — .003). Pair-wise comparison of 
the injury-test interval disclosed a signifi- 
cantly longer interval in grade III patients 
than in grade I patients (t = 2.73; P < .01) 
and Grade II patients (t — 2.22; P — .04), 
though the latter groups did not differ. In 
light of the possibility that the duration of 
convalescence would affect the degree of 
residual psychiatric disturbance, behavior- 
al ratings were adjusted for variation in 
the injury-test interval in an analysis of 
covariance. 


Procedure 


The BPRS was used because it covers a 
broad spectrum of psychopathology and is 
practical and reliable for widespread 
application by clinicians and re- 
searchers.' Moreover, many of our 
severely injured patients were unable to 
cooperate with a written self-assessment 
procedure (eg, MMPI). Originally consist- 
ing of 16 scales, the BPRS was elaborated 
in 1966 to include scales for rating excite- 
ment and disorientation. The revised 
BPRS consists of 18 scales (Figure), each of 
which is rated by the examiner on a scale 
ranging from 1 (absence of symptom) to 7 
(most severe manifestation). Clinical stud- 
ies have established that two trained 
examiners generally differ in their ratings 
by no more than a single point.'* The total 
score (ie, sum of the scores on the 18 scales) 


ranges between 18 and 126 and provides a 
global index of psychopathology. 

The BPRS ratings were based on a 
semistructured interview, unobtrusive be- 
havioral observations, and the patient's 
behavior during neuropsychological test- 
ing. Rating of hospitalized patients was 
deferred until the phase of acute confusion 
and disorientation had subsided or at least 
stabilized without indication of improve- 
ment. This precaution was observed 
because of our focus on residual behavioral 
disturbance. Aphasic defects such as dys- 
fluency and difficulty in naming on 
confrontation were disregarded in the 
BPRS evaluation. We have recently re- 
ported* that jargon aphasia is rare among 
the sequelae of CHI; no patient in this 
study was verbally noncommunicative. The 
ratings were obtained by one of us (H.S.L.) 
and two behavioral research technicians. 
Consensual validation was achieved 
through training sessions in which the 
raters viewed and independently evaluated 
videotaped interviews of psychiatric pa- 
tients. 

Preliminary comparison of independent, 
concurrent BPRS ratings for 19 CHI 
patients by one of us (H.S.L.) and one of 
the technicians disclosed a mean absolute 
deviation of .38 points (SD = .21) for the 18 
individual scales. The percentage of pa- 
tients in whom the interexaminer discrep- 
ancy was within a single point was 
computed and averaged for the 18 scales. 
On the average, the ratings by the two 
examiners were within a single point in 
95% of the patients. The Spearman rank 
order correlation coefficient for the Total 
BPRS score was .86 (P — .001). 


RESULTS 
Profile of BPRS Scores 


The profile of mean scores on each 
BPRS scale and the grand mean 
appear for each grade of injury in the 
Figure. The grand mean for each of 
the grades of injury represents the 
average score for all 18 scales. The 
level of statistical significance for the 
main effect of grade is given in the 
upper row of probability values for 
scales that differentiated the three 
groups of patients by analysis of 
covariance. Significant differences 
obtained in pair-wise contrasts of the 
three grades of injury are also shown 
above the corresponding scales. In- 
spection of the Figure suggests that 
maximal differentiation of the three 
grades of injury emerged on the scales 
measuring emotional withdrawal (eg, 
lack of spontaneous interaction, isola- 
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Mean score by each grade of injury on individual scales of Brief Psychiatric Rating Scale (BPRS), with 
grand mean and results of analysis of covariance. Scale scores were adjusted for effects of variation in 
the injury-rating interval. Order of scales corresponds to that of published BPRS. Open circles connected 
by solid line indicate grade |; open squares connected by dashed line, grade II; solid triangles connected 


by solid line, grade Ill. 


tion), conceptual disorganization (eg, 
disconnected thought processes), mo- 
tor retardation (eg, slowed move- 
ments and speech), unusual thought 
content, blunted affect (eg, reduced 
intensity of feelings), excitement (eg, 
agitation, inereased reactivity), and 
disorientation (eg, confusion, disori- 
entation for person, place, or time). It 
may be seen that the profile for grade 
I injury generally provided no impres- 
sive evidence of behavioral distur- 
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bance other than somatic concern and 
anxiety. Contrary to the possibility 
that a diffuse injury might produce a 
generalized behavioral disturbance, 
no effect of injury severity emerged 
on more than half of the BPRS vari- 
ables. Comparison of the grade III 
group with grade I patients on scales 
of emotional withdrawal, conceptual 
disorganization, motor retardation, 
unusual thought content, blunted af- 
fect, and  disorientation disclosed 


highly signifieant differences (Fig- 
ure) The significant deviation of 
grade III patients from the grade I 
group on excitement suggests that 
there was considerable variation in 
the form of affective disturbance 
after severe CHI. Whereas grade III 
patients significantly deviated on sev- 
eral variables from patients with 
essentially no coma and normal neuro- 
logical findings, they differed signifi- 
cantly from the grade II group only 
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with respect to conceptual disorgani- 
zation. Grade II injury produced 
significantly greater behavioral dis- 
turbance than grade I injury on scales 
of emotional withdrawal, conceptual 
disorganization, motor retardation, 
blunted affect, excitement, and disori- 
entation. The Figure suggests that 
patients with grade II injury were 
particularly uncooperative (eg, 
guarded and resistive towards the 
examiner) and significantly differed 
from grade I patients on this vari- 
able. 

Further analysis of CHI severity 
was facilitated by considering the 
four clusters of interrelated items 
that have been previously derived by 
factor analysis.'^ Each cluster is com- 
prised of three scales and can range in 
score from 3 (normal) to 21 (maximal- 
ly pathological) The first factor, 
thinking disturbance, is a composite 
of scales measuring conceptual disor- 
ganization, hallucination, and unusual 
thought content. Scales pertaining to 
hostility, suspiciousness, and uncoop- 
erativeness comprise the second fac- 
tor, hostile-suspiciousness. The third 
factor, withdrawal-retardation, con- 
sists of scales measuring emotional 
withdrawal, motor retardation, and 
blunted affect. Anxiety-depression is 
the fourth factor and is derived from 
the scales which assess anxiety, guilt 
feelings, and depression. 


Severity of Injury 
and BPRS Scores 


The mean score for each factor is 
presented with the total score for all 
scales for each grade of injury and 
other measurements of CHI severity 
in Table 2. Analysis of covariance was 
performed on the BPRS factor scores 
in which the interval between the date 
of injury and rating served as the 
covariate. Consistent with the results 
for individual scales, analysis of the 
total score yielded a highly significant 
main effect for Grade of injury; 
follow-up contrasts disclosed that to- 
tal BPRS scores were higher in grade 
III (t = 4.47; P < .0001) and grade II 
patients (t = 3.80; P < .001) than in 
grade I patients, though the former 
two groups did not differ. Analysis of 
the thinking disturbance factor scores 
disclosed a highly significant effect 
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Table 2.—Analysis of Covariance (ANCOVA F): Head Injury Characteristics 
and BPRS Scores* 


No. of 


Injury Variable Patients Total 


BPRS Score 


TD HS WR AD 


Grade | 25 23.08 3.54 3.80 3.58 4.13 
Grade Il 24 33.20 5.13 5.18 6.85 4.89 


Grade III 21 37.78 


7.15 4.69 7.61 5.72 


ANCOVA F = 11.06§ 10.488 1.43 10.538 3.657 
No hemiparesis 54 29.28 4.49 4.38 5.23 4.70 


Hemiparesis 16 37.36 


7.45 5.08 8.22 5.44 


ANCOVA F 4.791 13.058 0.45 8.13 1.49 


No aphasia 48 29.20 4.58 4.48 5.05 4.98 


Aphasia 22 35.34 


6.46 4.68 7.79 4.64 


ANCOVA F ks, 4.127 7.421 0.07 10.561 0.45 
No Hematoma 58 31.80 5.32 4.41 5.68 4.97 


Hematoma 12 33.56 


5.88 5.17 7.02 4.38 


ANCOVA F TF 0.57 0.93 0.67 1.46 0.93 
No skull fracture 29 33.28 5.51 4.78 6.50 5.09 


Skull fracture 41 29.61 


4.93 4.37 5.59 4.72 


ANCOVA F Li. 1.62 0.74 0.33 1.49 0.63 
EEG normal 13 26.94 4.10 3.60 4.60 4.80 


EEG abnormal 47 33.26 


ANCOVA F REE 4.747 


5.59 5.06 6.90 4.85 
4.217 2.41 4.057 0.06 





*BPRS indicates Brief Psychiatric Rating Scale. Scores adjusted for effects of variation in rating 
interval. TD indicates thinking disturbance; HS, hostile suspiciousness; WR, withdrawal retardation; 


AD, anxiety depression. 
TP < .05. 
IP < .01. 
§P < .001. 


for grade of injury (Table 2), largely 
attributable to greater cognitive im- 
pairment resulting from grade III 
injury as compared with patients with 
grade I (t = 4.94; P < .001) or grade II 
(t = 2.98; P < .01) injuries. There was 
also greater thinking disturbance af- 
ter injury of moderate severity (grade 
II) as compared with grade I (t = 2.26; 
P< .05). Analysis of the withdrawal- 
retardation factor scores showed a 
significant main effect for grade of 
injury (Table 2); patients with grade 
III injury evidenced more withdrawal 
and motor retardation than grade I 
patients (t = 4.43; P < .001), as did 
grade II patients (t — 3.37; P — .001). 
The two subgroups with more severe 
injuries did not differ with respect to 
withdrawal and motor retardation. 
The effect of grade of injury on anxi- 
ety-depression was less impressive 
and largely attributable to higher 
scores in grade III patients than in 
grade I patients (t = 2.9; P — .01). In 
contrast, Table 2 shows that grade of 
injury had no discernible effect on 
ratings of hostile-suspiciousness. Of 
the acute neurologic deficits that 
served to differentiate those with 


more severe injuries from grade I 
patients, the presence of a hemipare- 
sis and aphasic disturbance predomi- 
nated and were related to more severe 
thinking disturbance, withdrawal- 
retardation, and the total score as 
compared with head-injured patients 
free of either deficit (Table 2). The 
median total score was 29 in both men 
and women. 

Insofar as duration of coma was a 
major determinant of grade of injury 
and is generally regarded as an index 
of diffuse cerebral injury," it was also 
analyzed as a continuous variable in 
relation to BPRS factor scores and the 
total score. Consistent with the fore- 
going findings concerning grade of 
injury, the Spearman rank-order cor- 
relation coefficient between coma 
duration and factor score was highly 
significant for thinking disturbance 
(r, = .62; P< .001) and withdrawal- 
retardation (7, = .50; P — .001). Total 
score was also closely related to dura- 
tion of coma (r, = .52; P — .001). In 
contrast, duration of coma was not 
closely related to manifestations of 
hostile-suspiciousness (r, = .12) or 
anxiety-depression (r, = .10). 
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Mesencephalic Injury 
and BPRS Scores 


Behavioral ratings of six patients 
with grade III injuries involving the 
mesencephalie brain stem were com- 
pared with those of the other 15 
patients with grade III injuries. It 
may be seen in Table 3 that analysis 
by the Mann-Whitney U-test dis- 
closed that there was evidence of less 
anxiety and depression in patients 
with mesencephalic injury. The trend 
towards greater thinking disturbance 
in patients with mesencephalic injury 
failed to reach statistical signifi- 
cance. 

Hematoma was present in three 
(12%) of the grade I patients, includ- 
ing a single case each of epidural, 
subdural, and intracerebral hemato- 
ma. By contrast, five grade II patients 
(219) had intracerebral hematomas 
and a single patient had an epidural 
hematoma. Three grade III patients 
(14%) had hematomas, including a 
single epidural and two subdural 
hematomas. Overall analysis com- 
bined the types of hematoma into a 
single dichotomous variable (present 
vs absent) and showed no significant 
differences in BPRS factor scores 
(Table 2). In view of the dispropor- 
tionate representation of intracere- 
bral hematoma in Grade II injuries, 
the scores of these patients were 
compared with those of the 18 grade II 
patients who had no hematoma. The 
total score of the patients with intra- 
cerebral hematoma (median, 35; 
range, 18 to 46) did not differ signifi- 
cantly from the other grade II 
patients (median, 30; range, 19 to 74), 
nor did differences emerge on the 
factor scores. 

Notwithstanding the negative find- 
ings yielded by an overall analysis of 
skull fracture (Table 2), particular 
consideration was given to those 
patients with depressed fractures that 
occurred in ten grade I injuries (40%), 
three grade II injuries (18%), and a 
single grade III injury (5%). Compari- 
son of these patients with cases who 
had nondepressed skull fractures 
(n = 27) and patients without a skull 
fracture (n — 29) again provided no 
substantiation of a difference in 
behavioral disturbance. 
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Table 3.—Median and Total BPRS Scores According to Presence of 
Mesencephalic Injury* 


Median RR amin dois cose MU: BPRS Score 


BEAR HRS TS Rer TU so tao E Pt 


Mesencephalic Injury 


BPRS Variable? (N = 15) 
Total score 31.3 (23-65) 
TD 5.4 ( 3-13) 


Mesencephalic Injury 
(N = 6) 

30.5 (23-48) 45.0 

9.0( 3-12) 30.5 


Mann-Whitney 
U 


HS 3.4 ( 3-11) 3.3( 3-8 ) 37.5 


6.1 ( 3-14) 
AD 5.3 ( 4-10) 





5.5( 4-19) 39.5 
3.3( 3-5 ) 7.51 


*In patients with grade III injuries. BPRS indicates Brief Psychiatric Rating Scale. 
1TD indicates thinking disturbance; HS, hostile suspiciousness; WR, withdrawal retardation; AD, 


anxiety depression. 
iP — .01 





BPRS Variable? 
Coma, days 
Total score 


Normal (N = 12) 
0.27 ( 0-5 ) 
25.50 (18-65) 


AD 4.75 ( 3-10) 





Table 4.—CT Results, Duration of Coma, and BPRS Scores* 


CT Results, Median (Range) 


TD 3.36 ( 3-12) 7.00 ( 3-14) 42.51 


HS 3.25 ( 3-11) 3.41 ( 3-13) 104.0 
WR 3.50( 3-5 ) 5.83 ( 3-19) 66.58 








dap. b 





Abnormal (N = 20) 
10.00 ( 0-28) T. 5i 
33.50 (18-74) 72.0 








5.07 ( 3-9 ) 111.0 





*CT indicates computerized axial tomography; BPRS, Brief Psychiatric Rating Scale. 
1TD indicates thinking disturbance; HS, hostile suspiciousness; WR, withdrawal retardation; AD, 


anxiety depression. 
IP 01. 
§P < .05. 


Computerized Tomography, 
EEG, and BPRS Scores 


The EEG examinations were ob- 
tained during the period of hospital- 
ization in most cases; analysis was 
based on the EEG obtained contig- 
uously to the behavioral ratings in 
patients with serial tracings. The 
patients with abnormal EEG tracings 
(Table 2) included 7 of the 13 (54%) 
with grade I injuries who had an EEG, 
13 of the 17 (77%) grade II patients 
with an EEG, and 14 of the 17 (82%) 
grade III patients who had an EEG. 
Slow-wave activity, both focal and 
diffuse, was the predominant EEG 
abnormality. Analysis of the EEG as a 
dichotomous variable disclosed signif- 
icantly greater thinking disturbance, 
withdrawal retardation, and total 
scores in patients with abnormal trac- 
ings as compared with patients who 
had a normal EEG. 

Computerized axial tomography 
was performed on 32 patients, includ- 
ing seven grade I patients, an equal 
number of grade II patients, and 18 
grade III patients. Initial analysis 


dichotomized the CT findings as 
normal vs abnormal. Table 4 shows 
that patients with abnormal CT find- 
ings manifested thinking disturbance 
and withdrawal-retardation as com- 
pared with patients with normal CT 
findings. It should be noted that seven 
of the patients with normal CT scans 
(70%) had grade I injuries. 
Breakdown of the CT findings 
according to type of abnormality and 
the injury-CT interval resulted in 
subgroups containing small numbers 
of patients; however, the purpose of 
this analysis was to identify relation- 
ships of potential clinical importance 
that merited further study. Subgroups 
of patients are depicted in Table 5 
according to whether CT was per- 
formed within 30 days of injury (early 
CT). Late CT was confined to grade 
III patients who were injured before 
availability of CT in this institution 
and who were later referred for this 
procedure. The BPRS ratings were 
also generally delayed in this sub- 
group of patients. Inspection of Table 
5 suggests that characteristic CT 
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Table 5.—CT Results, Grade of Injury, and Behavioral Disturbances* 


WNL  Hematoma 


Edema-— Small Ventricles 


Early CT Results? 


Contusion 


Large Ventricles 


Late CT Resultsi 


Porencephaly Atrophy WNL 


No. of Patients 
Grade | 


Grade Il 


7 0 0 0 0 0 0 0 
1 3 1 2 0 0 0 0 
2 3 1 5 2 1 1 


Grade Ill 3 


BPRS scores, median 
Interval, days 


Total 
TD 3.0 5.0 
H 


13.0 47.0 


31.0 30.0 


8.5 5.0 


403.0 
25.0 35.0 40.0 30.0 30.0 31.0 58.0 38.0 
8.0 7.0 7.0 5.0 


325.0 52.0 60.0 


A 4.0 5.0 


5.5 6.0 


S 3.0 3.0 4.0 3.0 4.0 4.0 9.0 3.0 
WR 4.0 5.0 7.5 6.0 5.0 7.0 14.0 3.0 
D 


4.0 5.0 9.0 9.0 





*CT indicates computerized axial tomography; WNL, within normal limits; BPRS, Brief Psychiatric Rating Scale; TD, thinking disturbance; HS, hostile 
suspiciousness; WR, withdrawal retardation; AD, anxiety depression. Early CT was within 30 days of injury; late CT was after 30 days postinjury. 


abnormalities are associated with spe- 
cific stages of recovery from severe 
CHI; ventricular enlargement appears 
to emerge only after several weeks, 
whereas small ventricles compatible 
with compression by contused brain 
are prominent in the acute phase of 
injury. The data in Table 5 generally 
suggest more severe behavioral dis- 
turbance associated with the various 
CT abnormalities as compared to the 
subgroups with normal CT findings 
(n = 11). Statistical comparison of 
BPRS factor scores was performed for 
each subgroup with at least three 
patients; the results of the analysis 
must be regarded as tentative in view 
of the small number of cases. Pair- 
wise comparison of the CT abnormali- 
ty subgroups with the normal CT 
group yielded a significant effect for 
greater thinking disturbance in pa- 
tients who had had small ventricles 
suggesting compression by edema- 
tous, contused brain (n = 5) as com- 
pared with patients with normal 
CT scans (Mann-Whitney U = 7; 
P < .025). The trend towards thinking 
disturbance in patients with ventricu- 
lar enlargement only approached sig- 
nificance (U = 12.5; P < .10). 


Location of Injury and BPRS Scores 


Hemispheric lateralization of 
greatest injury was considered in rela- 
tion to behavioral disturbance, though 
the contribution of diffuse cerebral 
injury was appreciated." Within the 
context of severe CHI, it would be 
hazardous to presume that any pa- 
tient in this series had an injury 
confined to a single cerebral hemi- 
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sphere. Notwithstanding this con- 
straint, hemispheric asymmetry with 
respect to the degree of injury was 
inferred from the presence of a hemi- 
paresis, unilateral hematoma, unilat- 
eral depressed skull fracture, and 
other focal abnormalities (eg, contu- 
sion) found on CT or arteriography. 
According to these criteria, nine 
patients were considered to have inju- 
ries primarily involving the left hemi- 
sphere, and 14 patients were classified 
as having predominantly the right 
hemisphere injured. Preliminary com- 
parison indicated that the two hemi- 
spheric groups were comparable in 
terms of demographic variables. Com- 
parison by the Mann-Whitney test 
disclosed that the total BPRS scores in 
the left hemisphere patients (median, 
29; range, 23 to 58) did not significant- 
ly differ from those of the right hemi- 
sphere group (median, 31; range, 18 to 
46) nor were differences confirmed on 
the factor scores. 

Differential effects of injury in the 
temporal, orbitofrontal, or frontotem- 
poral regions were investigated be- 
cause of the particular vulnerability of 
these areas to CHI and their pre- 
sumed role in posttraumatic psychiat- 
ric disorder. Focal injury to the 
frontal or temporal lobes was inferred 
on the basis of CT, arteriography, and 
surgical findings in cases of depressed 
skull fracture or hematoma. Accord- 
ing to these criteria, five patients had 
frontal injury, six patients had fronto- 
temporal injury, and three patients 
had temporal lesions. The BPRS 
scores of these patients were pooled 
(n = 19) and compared to other CHI 
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patients (n = 51), although it was 
recognized that both groups included 
patients with varying degree of 
diffuse cerebral involvement. Prelimi- 
nary comparison indicated that the 
combined group (frontal, temporal, 
frontotemporal) was comparable in 
age, duration of coma, distribution of 
grade of injury, and the injury-rating 
interval with patients without evi- 
dence of focal injury in this region. 
Total BPRS scores in the combined 
group (X = 33.16; SD = 9.08) did not 
significantly differ from other CHI 
patients [x = 3037; SD = 12.72; 
F(1,68) = .76], nor did differences 
emerge on the factor scores. 


Agitation and Residual 
Behavior Disturbance 


During the acute stage of recovery 
from CHI, disinhibited or agitated 
behavior is a frequent manifestation, 
although its prognostic importance 
for residual behavioral disturbance 
has not heretofore been systematical- 
ly investigated. Combativeness, arm 
thrashing, truncal rocking, screaming, 
and signs of sympathetic activation 
may be present when these patients 
arrive in the emergency room, during 
various stages of coma, or during 
transition to alertness. Patients show- 
ing any or all of these behaviors were 
designated as “agitated” (n = 22), 
whereas patients in whom observa- 
tions disclosed no evidence of these 
behaviors were considered "nonagi- 
tated” (n = 43). Five patients who 
were transferred from community 
hospitals were excluded from this 
analysis because the accompanying 
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Table 6.—Effects of Acute Agitation on Residual Behavioral Disturbances* 


Caa Pina) (N = 22) 


Age, yr 21.96 5.54 
Coma, days 2.70 5.46 
Interval, days 24.59 17.59 
BPRS scoret 
cL 38.30 14.39 
6.25 3.24 
5.38 3.57 
7.34 3.63 


Not Agitated (N = 43) 


26.77 10.11 4.271 
3.76 7.23 37 

94.63 191.66 2.90 

27.27 8.59 13.86]! 
4.54 2.41 5.521 
4.20 2.56 14 
5.39 3.32 2.45 


1.36 





8.86§ 


*Presence of agitation could not be established in five patients transferred from other hospitals. 

Mean BPRS scores are corrected for variation in injury-test interval in analysis of covariance. 
BPRS indicates Brief Psychiatric Rating Scale; TD, thinking disturbance; HS, hostile suspiciousness; 
WR, withdrawal retardation; AD, anxiety depression. 

IP < .05. 

§P — .01. 

||P < .001. 


records were inconclusive concerning 
the presence of agitation. 

It may be seen in Table 6 that 
agitated patients were younger than 
nonagitated patients, whereas there 
was a trend towards more prolonged 
coma in the latter subgroup. Of the 
agitated patients, there was a single 
grade I injury (4.5%), 14 grade II 
injuries (63.6%), and seven grade III 
injuries (31.8%); within the nonagi- 
tated group there were 22 grade I 
injuries (51.2%), 10 grade II injuries 
(23.38%), and 11 grade III injuries 
(25.6%). The impression of a dispro- 
portionate distribution of grade I and 
grade II injuries in the two groups 
was confirmed (x? = 15.57; P < .0004). 
Further analysis disclosed no evidence 
of an association between the pres- 
ence of agitation and hemiparesis, 
hematoma, mesencephalic brain stem 
involvement, or focal injury to the 
frontal-temporal area. However, 12 
agitated patients (54.5%) were acutely 
aphasic as compared with nine (20.9%) 
nonagitated patients, a difference 
that was significant (x^ = 6.06; 
P < .02). Behavioral ratings were ob- 
tained after the period of acute agita- 
tion and were subjected to an analysis 
of covariance in which the BPRS 
scores were adjusted for variation in 
the injury-test interval. The results, 
which are summarized in Table 6, indi- 
cate that the legacy of agitation was 
excessive anxiety and depression, 
greater thinking disturbance, and 
generally increased psychopathology 
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as compared with patients who were 
relatively inactive and unaroused dur- 
ing the stages of coma and stupor. 

The relationship between behavior- 
al ratings and general level of recov- 
ery was considered in patients evalu- 
ated at least three months (median, 
403 days) after injury (n = 9) as part 
of an ongoing longitudinal study. Of 
this group, two patients (grades II 
and III, respectively) manifested par- 
ticularly severe behavioral distur- 
bance (total scores of 45 and 48) and 
both were severely disabled according 
to the Glasgow Outcome Scale.” Five 
patients in this group were moderate- 
ly disabled, and two patients realized 
a good recovery although there was 
considerable overlap in their BPRS 
scores. Since eight of the nine patients 
were unemployed three months or 
later after injury, it was not possible 
to ascertain the effects of variation in 
behavioral disturbance on resumption 
of employment. 


COMMENT 


We studied behavioral sequelae that 
reliably distinguished CHI patients 
according to a graded level of severity 
of injury. Although a negative psy- 
chiatric history was among the crite- 
ria for selection of patients, the 
frequency of premorbid personality 
deviations in head-injured patients 
has been noted to exceed the number 
predicted by the population base 
rate. However, mildly injured (grade 
I) patients presumably shared in the 


presumed personal-social risk fac- 
tors** though their behavioral sequelae 
were essentially confined to somatic 
concern and anxiety. A profile of 
behavioral disturbance predominated 
by cognitive disorganization, motor 
retardation, emotional withdrawal, 
and affective disturbance was identi- 
fied and was positively related to the 
severity of initial injury. The degree 
of behavioral disturbance was posi- 
tively related to specific neurological 
deficits and to duration of coma, 
which is regarded as an index of 
diffuse cerebral injury.'*? Moreover, 
the degree of cognitive impairment, 
interpersonal isolation, and motor 
slowing was also directly related to 
the presence of EEG abnormalities 
predominated by excessive slow-wave 
activity and to abnormal CT findings. 
Although the functional importance 
of the CT abnormalities for outcome 
of CHI awaits confirmation by other 
studies and technical refinements of 
the diagnostie procedure, our findings 
suggest that early compression of the 
ventricular system by edematous 
brain is predictive of substantial 
behavioral disturbance and that per- 
sistent CT abnormalities such as 
ventricular enlargement without 
signs of obstructive hydrocephalus are 
accompanied by prolonged psychiatric 
manifestations. 

The quantitative findings are in 
accord with previous reports of psy- 
chiatric disorder after CHI,'* which 
were largely based on clinical observa- 
tions and were lacking in quantitative 
analysis of behavioral disturbance in 
relation to neurological parameters of 
injury. Our findings implicating con- 
ceptual disorganization as a major 
dimension of behavioral disturbance 
after nonmissile injury agree with 
Gronwall’s demonstration*^* of a re- 
duced rate of information processing 
in CHI patients whose findings on 
conventional neurological examina- 
tion otherwise suggest full recovery. 
While interviewing grade III and 
certain grade II patients, we have 
been impressed with their failure to 
monitor or sereen out irrelevant mate- 
rial; ie, their filtering of information 
is impaired. Retardation of motor 
behavior was also a prominent mani- 
festation in these patients. The rat- 


Closed Head Injury—Levin & Grossman 


EPET TEE EBTET 
v4 v 


ings of emotional withdrawal and 
interpersonal isolation agree with fre- 
quent reports by our patients, who are 
overwhelmed by social interactions 
characterized by several conversa- 
tions. Consistent with previous obser- 
vations,^ we have also noticed that 
certain grade III patients manifest a 
blunting of affect and a lack of appre- 
ciation of the severity of their cogni- 
tive impairment. Other patients with 
injuries of similar severity have 
shown persistent signs of excite- 
ment. 

Agitated behavior during coma or 
the transition to alertness was present 
in about one third of the patients and 
was predietive of residual behavioral 
disturbance. Early agitation was fre- 
quently associated with florid symp- 
toms such as visual or auditory halluci- 
nations, delusions, and aggressive and 
sexually explicit behavior. Activated 
display of motor or vocal behavior 
apparently released from normal in- 
hibitory control was manifested by 
patients who were heterogeneous 
with respect to age, sex, socioeconomic 
status, and premorbid personality. 
The preponderance of acutely agi- 
tated patients had grade II injuries; 
ie, were comatose for periods less than 
24 hours. 

Investigation of the physiological 
bases of coma and of the complica- 
tions of injury that trigger florid 
psychiatric sequelae would be facili- 
tated by serial monitoring of coma 


Arch Neurol—Vol 35, Nov 1978 


"OIN Ven s 


using a multidimensional scale, in a 
large series of injuries, and long-term 
neurological and neuropsychological 
examination. We believe that longitu- 
dinal study will be necessary to deter- 
mine the degree of persistence of 
behavioral disturbance after closed 
head injury. 
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Huntington’s Disease 


Cerebrospinal Fluid GABA Levels in At-risk Individuals 


N. V. Bala Manyam, MD; Theodore A. Hare, PhD; Leonard Katz, MD; Bruce S. Glaeser, PhD 


e Gamma-aminobutyric acid (GABA) 
was measured by the ion-exchange fluo- 
rometric method in CSF from 22 individu- 
als at risk for Huntington’s disease (HD), 
six individuals with HD, and five neurolog- 
ically normal controls. The mean (+ SD) 
GABA level in the specimens from 
patients with HD was 142 + 27 pmoles/ 
ml, whereas that of the normal control 
specimens was 297 + 87 pmoles/ml. The 
mean GABA level of the specimens from 
the individuals at risk for HD was 
209 + 79 pmoles/ml; however, nine of 
these were in the normal range with a 
mean value of 281 + 72 pmoles/ml, while 
the other 13 were below the normal range 
with a mean value of 159 + 27 pmoles/ 
ml. The data indicate that low GABA levels 
in CSF are evident prior to the onset of 
symptoms of HD but a predictive value 
can only be determined by continued 
observation of the clinical course of these 
at-risk individuals. 

(Arch Neurol 35:728-730, 1978) 
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Horners disease (HD) is an 
autosomal dominant disease of 
unknown origin. Signs and symptoms 
do not usually become evident until 
adult life. A reduced level of gamma- 
aminobutyric acid (GABA)'? as well 
as a decreased level of activity of the 
enzyme glutamic acid decarboxylase 
(GADP has been shown in brains 
taken at autopsy from patients who 
died with HD as compared with the 
level in brains from control individu- 
als. The deficiency of GAD activity is 
consistent with the reduced GABA 
level in brain tissue since GAD is the 
enzyme that catalyzes the conversion 
of glutamic acid to GABA. A 
decreased level of GABA in the CSF 
of individuals with HD has also been 
reported*' compared with that from 
control individuals. The object of this 
study was to determine if GABA 
levels in CSF are altered in individu- 
als at risk for HD. 


MATERIALS AND METHODS 


Twenty-two individuals at risk for HD, 
seven males and 15 females, ranging in age 
from 11 to 35 years and belonging to ten 
families, participated in the study. The 
individuals were considered to be at risk if 
they had no symptoms of HD and had a 
positive family history in at least two 
generations. Five men ranging in age from 
24 to 26 years and having no evidence of 
organic neurological disease, after clinical 
and laboratory investigations; participated 
as normal controls. Six patients with HD, 


four men and two women ranging in age 
from 19 to 56 years and with duration of 
illness ranging from one to 20 years, acted 
as disease controls. At the time of lumbar 
puncture, four patients with HD were not 
receiving any medication, one patient was 
receiving diazepam, 5 mg three times a 
day, and the other patient was receiving 
diazepam, 5 mg three times a day, and 
fluphenazine hydrochloride, 2 mg, three 
times a day. 

All those at risk for HD, one of the 
normal controls and four of the patients 
with HD participated on a voluntary basis; 
informed consent was obtained after fully 
explaining the purposes of the study and 
the procedure to be undertaken. From the 
other participants, spinal fluid was drawn 
when lumbar puncture was carried out as 
part of diagnostic procedure after in- 
formed consent had been obtained to use 
excess fluid for investigative purposes. 

Cerebrospinal fluid was drawn by stan- 
dard lumbar puncture. From each partici- 
pant, about 10 ml of CSF was drawn into a 
single tube. Each specimen was thoroughly 
mixed and then divided into 1-ml aliquots. 
Some of these aliquots were used for 
routine laboratory examinations and the 
rest were immediately frozen in dry ice 
and stored at —80 °C. The frozen aliquots 
were thawed and deproteinized immedi- 
ately before analysis by adding one-third 
volume of 20% aqueous sulfosalicylie acid. 
Aliquots of 0.1 ml from the supernatants of 
the deproteinized specimens were analyzed 
for their GABA content by the ion- 
exchange/fluorometric method. In that 
procedure, GABA is automatically sepa- 
rated from interfering components by high 


resolution ion-exchange liquid chromato- =. 
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graphy and then measured in the flow 
stream after reaction with the fluorogenic 
reagent O-phthalaldehyde. For the cur- 
rent studies, a microbore column and a 
fluoromonitor were used, resulting in a 
50-fold increase of sensitivity over the 
previously described procedure. 

The significance of the differences 
between GABA values in CSF obtained 
from the examined population samples 
were statistically tested using Student's t 
test, after log transformation of the data 
to equalize the variances, and the two- 
sample rank test. The latter nonparamet- 
rie method has the advantage in that it 
makes no assumption about the normality 
of the population distribution or the equal- 
ity of variances in the groups compared. 


RESULTS 


All the participants were clinically 
examined by two of the investigators 
(N.V.B.M. and L.K.). No systemic or 
neurological abnormalities were 
found in the individuals at risk for HD 
except in one who had mild scoliosis. 
Findings of a routine laboratory 
examination of blood, urine, and CSF 
levels were within normal limits. 

The results of the analyses (Figure) 
showed that in the specimens from the 
neurologically normal individuals 
GABA was present over a range of 
213 to 397 pmoles/ml (mean 
-SD = 297 + 87 pmoles/ml) whereas 
in the specimens from the patients 
with HD, GABA was present over the 
range of 115 to 176 pmoles/ml (mean 
-SD = 142 + 27 pmoles/ml). The 
analyses of the specimens from those 
at risk for HD showed GABA to be 
present over the range of 101 to 460 
pmoles/ml (mean+SD = 209 + 79 
pmoles/ml) The GABA concentra- 
tions in the specimens from nine of 
these individuals (designated sub- 
group-Hi) were within the range of 
the normal controls and varied from 
232 to 315 pmoles/ml (mean 
+SD = 281 + 72). The GABA concen- 
trations from the other 18 at-risk indi- 
viduals (designated subgroup-Lo) 
ranged from 101 to 201 pmoles/ml 
(mean +SD = 159 + 27), which was 
similar to that for the specimens from 
the patients with HD. 

Both Student's t test and the two- 
sample rank test showed significant 
differences (P < .001) between the 
following: (1) the HD and neurologi- 


=” cally normal groups, (2) the HD group 
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Normal 
Control 





At Risk HD 


Levels of GABA in CSF in individuals with Huntington's disease (HD), those 
at-risk for HD, and controls without organic neurological disease. X 


indicates mean; bracket, SD. 


and subgroup-Hi, (3) the neurological- 


. ly normal group and subgroup-Lo, and 


(4) the subgroup-Hi and subgroup-Lo. 
It should be noted, however, that 
statistical comparison involving the 
at-risk subgroups can only be illustra- 
tive since the subgroups were sepa- 
rated solely on the basis of whether 
the GABA levels in CSF of the at-risk 
individuals were within or below the 
range of the neurologically normal 
controls. 





COMMENT 


There has been controversy in the 
literature concerning the measure- 
ment of GABA in CSF. Because of 
limited sensitivity in the ninhydrin 
detection procedure, it has not been 
possible to detect GABA in CSF by 
conventional amino acid analysis. Re- 
cently, Perry and Hansen," during 
amino acid analysis of samples from 
50 to 60 ml of pooled, human CSF, 
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detected a peak that corresponded to 
GABA, but after dansylation and elec- 
trophoresis they were unable to con- 
firm the identity of the peak and 
concluded it was not GABA. On the 
other hand, the detection of GABA in 
CSF using the ion-exchange/fluoro- 
metric procedure has been confirmed 
through comparison with amino acid 
analysis using fluorometric detection‘ 
and by the radioreceptor GABA assay 
procedure." The same level of GABA 
has also been detected in CSF by gas 
chromatography/mass spectrometric 
procedures.’ 

Despite the recent biochemical ob- 
servations of reduced GABA levels 
and altered GAD activity in patients 
with HD, there has been little 
advancement of knowledge about the 
cause of HD. For example, it is not 
known whether the low GABA level is 
the underlying genetic defect in HD 
or the consequence of the disease. 
Studies to date *' have not shown a 
correlation between GABA in CSF 
and several drugs used in the treat- 
ment of HD. In agreement with 
previous observation, no obvious cor- 
relation was found between GABA 
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levels in CSF and age, sex, or duration 
of illness in the patients with HD in 
our series. Thus, it appears that reduc- 
tion of GABA level in CSF may be 
independent of neuronal degenera- 
tion. Furthermore, if the low GABA 
level were a consequence of the 
disease, it would be expected that the 
level would not vary significantly in 
the brain of presymptomatic individu- 
als; therefore, the distribution of 
GABA levels in the brains of at-risk 
individuals would be around a single 
mean value. On the other hand, if 
GABA were altered before symptoms 
of HD appeared, the expected distri- 
bution would be bimodal since approx- 
imately half of these would be 
presymptomatic individuals and the 
others normal. The at-risk population 
sample of this study was composed of 
individuals each of whom had a parent 
with diagnosed HD and, therefore, it 
can be expected that HD will develop 
in about half of these individuals. Our 
data show an apparent bimodal distri- 
bution of GABA levels in CSF in the 
at-risk population sample with 13 of 
22 participants having GABA levels in 
CSF similar to that measured in the 
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patients with HD and the remaining 
nine individuals having values within 
the range seen in CSF of the neurolog- 
ically normal controls. Since existing 
data have shown patients with HD to 
have reduced GABA levels in the 
brain and in CSF, it may be hypothe- 
sized that the 13 individuals who 
showed low GABA levels in CSF in the 
current study are likely to be 
presymptomatic for HD. Of course, 
this hypothesis cannot be evaluated 
until it is known in which individuals 
HD symptoms actually develop; how- 
ever, the data indicate that the low 
GABA levels are evident prior to the 
onset of HD symptoms. 
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Malignant Optie Gliomas in Adults 


Clive G. Harper, MB, FRCPA, Edward G. Stewart-W ynne, MB, FCP(SA), MRCP 


® Malignant gliomas of the optic path- 
ways are uncommon in adults and are 
rarely diagnosed in life. In three cases of 
such tumors, the diagnosis was not 
suspected during life. Neuropathological 
examination showed involvement of the 
optic nerves, chiasm, and tracts with 
extensive involvement of contiguous 
structures in all of the cases. In view of the 
consistent clinical features, it is stressed 
that in adults with progressive visual fail- 
ure, malignant gliomas of the optic path- 
ways be included in the differential diag- 
nosis. 

(Arch Neurol 35:731-735, 1978) 


liomas of the optic pathways are 
uncommon in adults, 85% to 90% 
occurring before the age of 20 years.’ 
In adults, the tumors tend to be malig- 
nant’ and are rarely diagnosed during 
life? The symptoms may mimic optic 
neuritis, vascular occlusion, temporal 
arteritis, or compressive lesions of the 
optic pathways. In this report, three 
adult patients with malignant optic 
gliomas are described. The similarity 
of the clinical features and the nature 
and extent of the tumors is empha- 
sized. 


REPORT OF CASES 


Case 1.—A 63-year-old woman gave a 
five-week history of progressive deteriora- 
tion of vision and said that when reading it 
was like looking through mist. Later, she 
was unable to see objects clearly in the 


center of her visual fields and had difficul- 
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ty discerning colors. She had no other 
symptoms and no remarkable history. 

On examination, she was alert and 
cooperative with no disturbance of memo- 
ry. Visual acuity was 6/36 on the right and 
6/24 on the left. The peripheral visual 
fields were normal, but paracentral scoto- 
mas of left homonymous distribution were 
present. The ophthalmoscopic appearances, 
pupillary reactions, and eye movements 
were normal as was the remainder of the 
neurological and general examination. A 
compressive optic chiasm lesion was con- 
sidered to be the diagnosis. 

An EEC, skull roentgenogram, and bilat- 
eral carotid angiograms were normal. A 
pneumoencephalogram showed no air 
between the chiasm and the anterior end of 
the third ventricle, the ventricular system 
seemed normal. After this procedure, 
visual acuity rapidly deteriorated so that 
she was able only to count fingers. A left 
frontotemporal craniotomy was per- 
formed. It was thought that there was 
compression of the left optic nerve by the 
dilated internal carotid artery. No biopsy 
specimen was taken. Postoperatively, an 
episode of 2:1 heart block developed, then 
continuous generalized seizures. She re- 
ceived ventilator treatment in the inten- 
sive care unit and showed steady improve- 
ment during the following three weeks. 
She then suddenly collapsed and died, prob- 
ably of a pulmonary embolus. The duration 
of her illness was 2% months. 

Neuropathology.-The brain weighed 
1,320 g. The cerebral hemispheres were 
symmetrical and seemed normal. The optic 
tracts, chiasm, and adjacent proximal parts 
of the optic nerves were uniformly 
expanded (Fig 1). The distal parts of the 
intraorbital portions of the optic nerves 
were of normal thickness and color. One- 
centimeter serial coronal sections of the 
cerebral hemispheres showed hemorrhagic, 
gray tumor tissue diffusely infiltrating the 
optic pathways as aforementioned and 
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extending into the adjacent hypothalamic 
and medial temporal lobe structures bilat- 
erally. The posterior limit of the tumor was 
the pulvinar of the right thalamus. The 
lateral geniculate bodies were macroscopi- 
cally normal. 

Histologically, the tumor was composed 
of fibrous and gemistocytic astrocytes 
displaying a moderate degree of pleo- 
morphism. The tumor in the infiltrated 
temporal lobes seemed more malignant 
than the tumor in the optic nerves. There 
was focal necrosis, endothelial hyperplasia, 
and hypertrophy, and mitoses were promi- 
nent. This was an astrocytoma grade III to 
IV. The extent of the optic pathway inva- 
sion is shown in Fig 2. The distal segments 
of the optic nerves were normal. The tumor 
infiltration stopped short of each lateral 
geniculate body. There was extension of 
the tumor from the optic tracts laterally 
into each temporal lobe, more extensive on 
the right side. The optic radiations and 
calearine cortices were normal. 

CasE 2.—A 75-year-old man was active 
and well until two months before admis- 
sion when bilateral blurring of vision 
developed. One month later, an ophthal- 
mologist found that the patient had a left 
homonymous hemianopia. His vision con- 
tinued to deteriorate and weakness of the 
left leg developed. In the past, his health 
had been good. 

On examination, he was noted to have 
atrial fibrillation and mild mitral incompe- 
tence. He was right-handed. He was 
conscious and able to follow instructions 
but was unable to perceive light and was 
unaware of this. Ophthalmoscopy was 
normal. Convergence and vertical gaze 
were absent, and pursuit movement to the 
left side was impaired. The pupils were 5 
mm in diameter with no reaction to light. 
Bilateral ptosis, more noticeable on the left 
side, was present. He had left central facial 
weakness and a left-sided hemiparesis, but 
full palatal and tongue movements. The 
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Fig 1.—Case 1. Diagrammatic representation of optic pathways 
and surrounding structures when viewed from basal surface of 
brain. Horizontal hatching indicates extent of tumor. 
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Fig 3.—Case 2. Diagrammatic representation of optic pathways 
and surrounding structures when viewed from basal surface of 
brain. Horizontal hatching indicates extent of tumor. 
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Fig 2.—Case 1. Coronal section through cerebral hemispheres at 
level of optic chiasm shows expansion of chiasm (c) and tumor 
infiltration into medial parts of both temporal lobes. « 
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Fig 4.—Case 2. Coronal section through cerebral hemispheres at 
level of optic chiasm shows expansion of chiasm (c) and large 
tumor mass in right temporal lobe. 


Fig 5.—Case 2. Cross section of right optic nerve shows preser- 
vation of normal connective tissue septa (s) dividing nerve into 
fascicles. There is expansion of fascicles due to diffuse infiltrate 
of fibrillary astrocytes between axons (hematoxylin-eosin, original 
magnification x 32). 
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Fig 7.—Case 3. Tumor in temporal lobe and hypothalamus 
showed areas of necrosis (n) with pseudopalisading of tumor 
cells. Note endothelial hyperplasia and hypertrophy (e) (hematox- 
ylin-eosin, original magnification X 50). 





Fig 6.—Case 3. Diagrammatic representation of optic pathways 
and surrounding structures when viewed from basal surface of 
brain. Horizontal hatching indicates extent of tumor. 
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| Fig 8.—Case 3. Coronal section through cerebral hemispheres Fig 9.—Case 3. Longitudinal section of intraorbital portion of optic 
shows uniform expansion of optic chiasm (c) and tumor infiltra- nerve showing diffuse infiltration of optic nerve by fibrillary 
tion into right temporal lobe and anterior hypothalamus (h). astrocytes (hematoxylin-eosin, original magnification X 32). 
Duration 
of 
Case/Age, lliness, initial 
yr /Sex mo Diagnosis 
1/63/F Blurring of vision, im- Visual acuity 6/36 right Compressive 
paired color vision and 6/24 left; bilateral chiasmatic 
paracentral scotomas lesion 
2/75/M Blurring of vision; left- Blind, bilateral ptosis; ab- Cerebral 
sided hemiparesis sent convergence and tumor 
vertical gaze; left-sided 
hemiparesis 
3/79/F Blurring of vision; per- Blind; left-sided hemipar- Cerebral 
M aa sonality change esis tumor 
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tendon reflexes were brisk on the left side 
and the left plantar response was extensor. 
Pin-prick sensation was impaired in the 
left arm and leg, and he showed left-right 
disorientation and neglect of the left side. 
The clinical diagnosis was thought to be 
cerebral infarction in both occipital re- 
gions. 

An EEC showed diffuse left-sided delta 
activity. Skull and chest x-ray films were 
normal. Computerized axial tomography 
showed an extensive contrast enhancing 
tumor occupying two thirds of the right 
cerebral hemisphere. The ventricular sys- 
tem was shifted to the left, and the left 
lateral ventricle was dilated. 

After treatment with dexamethasone, 
temporary improvement occurred in that 
he was able to see blue and white spots on a 
tie. Visual field testing showed that he had 
vision in the right upper temporal quad- 
rant only. He became comatose and died 
three months after the onset of symp- 
toms. 

Neuropathology.-The brain weighed 
1,470 g. The right temporal lobe was wider 
and firmer to palpation than the left, and 
gray tumor was visible on the inferolateral 
surface of that lobe. The optic nerves, 
chiasm, and optic tracts were expanded to 
approximately four times their normal 
diameter (Fig 3). A large right and small 
left tentorial hernia were noted. Coronal 
sections of the hemispheres confirmed the 
presence of a large tumor in the right 
temporal lobe that measured 
5.0 x 5.0 x 8.0 cm. The tumor mass was 
necrotic with areas of cavitation and 
hemorrhage. The chiasm was 2 cm in diam- 
eter and the tumor extended backward 
along both optic tracts as illustrated in Fig 
4. The left lateral geniculate body was 
intact, but the right could not be identified 
macroscopically. The uniform expansion of 
the optic nerves diminished rapidly to 
normal thickness 1.5 em from the chiasm. 
The distal intraorbital portions of the optic 
nerves were of normal thickness and 
color. 

Histologically, the tumor within the 
hypothalamus and temporal lobe was 
composed of sheets of pleomorphic astro- 
cytes with abnormal mitoses and extensive 
hemorrhage, necrosis, and endothelial hy- 
perplasia. The features were characteristic 
of a glioblastoma multiforme. Subpial 
spread of the tumor was a prominent 
feature. However, the tumor in the optic 
nerves showed better differentiation, and 
there was expansion of the fascicles due to 
a diffuse infiltrate of fibrillary astrocytes 
between the axons (Fig 5). 

Case 3.—A 79-year-old woman was well 
until the death of her husband. During the 
next two months she became vague and 
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forgetful and her vision deteriorated. 
Because of increasing confusion, she was 
admitted to hospital, initially to the 
psychiatric department. In the past, her 
health had been good. 

On examination, she was found to be 
confused, disorientated, and uncoopera- 
tive. She was virtually blind, but visual 
acuity and fields could not be tested accu- 
rately. Ophthalmoscopy showed bilateral 
cataracts. Eye movements were full, the 
pupils were 4 mm in diameter and equal 
and reacted sluggishly to light. She had 
slight weakness of the left hand. The 
remainder of the examination was normal. 
She was thought to have a brain tumor. 

Roentgenograms of the skull and chest 
were normal. The brain scan showed a 
large, deep-seated area of high radioiso- 
tope uptake in the right cerebral hemi- 
sphere. Her condition rapidly deteriorated 
over two weeks, with the development of 
hyponatremia (serum sodium level, 119 
mmole/liter; normal 124 to 146 mmole/ 
liter), a left-sided hemiplegia, and coma. 
She died three months after the onset of 
symptoms. 

Neuropathology.-The brain weighed 
1,135 g. At the base of the brain, there was 
expansion of the right medial temporal 
lobe with prominent uncal grooving. The 
visible portions of both optic tracts, the 
optic chiasm, and the proximal 1 em of each 
optic nerve were uniformly expanded. 
There was recent hemorrhagic infarction 
in the distribution of the right posterior 
cerebral artery. The intraorbital portions 
of the optic nerves were of normal thick- 
ness and appearance. Coronal sections of 
the hemispheres showed that the tumor 
from the optic chiasm and right optic tract 
had infiltrated into the hypothalamus and 
adjacent medial parts of the right temporal 
lobe (Fig 6). 

The tumor extended posteriorly into the 
pulvinar, posterior part of the body of the 
corpus callosum and along the medial wall 
of the occipital horn of the right lateral 
ventricle. The calcarine cortices and lateral 
geniculate bodies seemed normal. There 
were areas of cystic necrosis and hemor- 
rhage within the temporal lobe tumor. 
Histologically, the tumor was composed of 
pleomorphic astrocytes with occasional 
abnormal mitoses. There were small foci of 
necrosis with pseudopalisading (Fig 7). 
Blood vessels showed prominent endothe- 
lial hypertrophy and hyperplasia and there 
were focal areas of hemorrhage. This was a 
glioblastoma multiforme. A striking fea- 
ture was the extent of subpial spread of the 
tumor around the optic nerves, chiasm, and 
tracts and over the surface of the medial 
temporal lobe. The extent of the tumor is 
illustrated in Fig 8. The tumor infiltration 


in the right temporal lobe was more exten- 
sive than was appreciated macroscopically. 
In addition, the tumor had spread upward 
to involve the internal eapsule, thalamic 
nuclei, and inferior segment of the globus 
pallidus. The tumor in the right temporal 
lobe was more malignant, histologically, 
than that in the optic nerves and chiasm. 
An isolated biopsy specimen of the tumor 
in the optic nerve could have been classif- 
ied as a fibrillary astrocytoma grade I to II 
(Fig 9). 


COMMENT 


There are two distinct types of glio- 
mas arising from the optic pathways: 
benign and malignant. Miller et al* 
stated that these two categories of 
gliomas can be separated in terms of 
their biological behavior and histologi- 
cal appearances. The most common 
type usually occurs in childhood, tends 
to be localized or to originate in the 
optic nerves, and behaves in a benign 
fashion. They described this group as 
"anterior" optic pathway tumors that 
usually present with uniocular visual 
loss and proptosis. Histologically, 
these tumors are generally confined to 
the optic nerve. Their incidence, 
biological behavior, histology, treat- 
ment, and prognosis have been dis- 
cussed extensively in the literature.** 
These tumors should be classified as 
optic nerve gliomas. 

The three cases reported here are 
representative of the less common 
group of optic pathway gliomas. These 
tend to occur in adults, are aggressive- 
ly invasive, and lead to death in a 
relatively short period of time. Hoyt 
et al? defined such a clinical syndrome. 
They stated that the malignant glio- 
ma of adulthood usually affected 
middle-aged males, initially mimicked 
optic neuritis, and progressed rapidly 
to blindness, resulting in death sev- 
eral months later. This group, defined 
by Miller et al* as the “posterior” 
tumor group, is centered on the optic 
chiasma or optic tracts with infiltra- 
tion of surrounding structures, partic- 
ularly the hypothalamus. Histological- 
ly, these tumors are malignant glio- 
mas. They should be differentiated 
from the optic nerve gliomas and 
should be classified as malignant optic 
gliomas or malignant optic pathway 
gliomas. | 

Table 1 gives the clinical features of 
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our three cases that included two 
women and one man, their ages rang- 
ing from 63 to 79 years. They all had 
bilateral visual impairment without 
ophthalmoscopic abnormalities and 
died within three months of the onset 
of their symptoms. This condition is 
not exclusively confined to males, 
although Hoyt et al? stated that males 
are more commonly affected. Infiltra- 
tion of structures adjacent to the optic 
pathways was seen in the three cases. 
In particular, the hypothalamus and 
medial temporal lobe structures were 
involved. In previously recorded cases 
of malignant optic gliomas, the hypo- 
thalamus was commonly infiltrated 
by tumor^**'* and in several in- 
stances this was associated with hypo- 
thalamic symptoms. Case 4, described 
by Hoyt et al? had terminal hyper- 
thermia. Foerster and Gagel”? cited a 
case of polydipsia and Mattson and 
Peterson" reported a case with poly- 
uria. In our case 3, terminal hypona- 
tremia developed that was resistant to 
treatment. The clinical symptoms 
referrable to destruction of hypothal- 
amic structures generally occur termi- 
nally or late in the disease process. 

Proptosis is a common sign in cases 
of optic nerve glioma. This is in 
contradistinction to the presenting 
signs of chiasmal gliomas or those 
arising from the posterior parts of the 
optic pathway that rarely present 
with proptosis. It should be noted, 
however, that the absence of proptosis 
does not indicate sparing of the 
intraorbital segments of the optic 
nerves. The proximal intraorbital seg- 
ments of the optic nerves in the three 
cases were involved microscopically by 
tumor, but the patients did not have 
proptosis. 

Because of the invasive nature of 
these gliomas, the question of the site 
of origin of the tumor is often raised. 
In 1972, Russell and Rubinstein‘ 
stated that only one example of malig- 
nant glioma of the optic nerve had 
been reported, that of Saebg.* Hoyt et 
al* stated that some of the reports in 
the literature of fatal optic gliomas 
encountered in adults were examples 
of gliomas invading the optic path- 
ways from adjacent parts of the brain, 
such as the hypothalamus. Clinically, 
the first symptom, visual impairment, 
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in each of our cases was referrable to 
the optic pathways, and symptoms 
related to invasion of hypothalamic 
and more distant structures, such as 
the internal capsule, occurred late in 
the course of the disease. 

Histologically, the tumor in the 
optic nerves was better differentiated 
than that in the areas of invasion in 
the hypothalamus and medial tempo- 
ral lobes. This suggests that the optic 
pathways were the sites of origin of 
these gliomas and emphasizes the 
difficulty of making an operative 
diagnosis of malignant optic glioma. 
Had an operative biopsy specimen 
been taken from the optic nerves in 
these cases, it would have been diag- 
nosed as an optic glioma, grade 1 to 2 
according to the standard grading of 
gliomas." 

Interestingly, case 1, described by 
Hoyt et al, had a biopsy diagnosis of 
“astrocytoma, grade II.” After post- 
mortem examination of the brain, the 
final diagnosis was glioblastoma mul- 
tiforme. Myles and Murphy," in a 
study of 20 gliomas of the optic nerve 
and chiasm, mention that several had 
extensions of the tumor into the 
middle and anterior cranial fossae. 
However, on the basis of microscopic 
appearances, they stated that there 
was no way of predicting which 
tumors would be invasive. 

Subpial spread of the tumor was a 
feature in two of our cases. Hoyt et al’ 
stated that this was a common 
feature. Subpial spread around the 
optic nerve could cause local obstruc- 
tion to CSF flow and thereby cause an 
increase in pressure at the optic nerve 
head. Despite the subpial spread of 
the tumor, there was no evidence of 
seeding of tumor along the CSF path- 
ways as is often seen in tumors such 
as medulloblastoma." 

There are many other tumors and 
diseases that can give rise to progres- 
sive visual impairment. Garfield and 
Neil-Dwyer’® discussed 29 patients 
who had failing vision in one eye due 
to optic nerve or chiasmal compres- 
sion. The diagnosis was made initially 
in only five cases. This led to long 
delays in diagnosis and treatment. In 
some patients, there was serious dete- 
rioration in their visual acuity. The 
chief causes of error were lack of 


charting of visual fields, too ready 
acceptance of the diagnosis of optic 
neuritis, and the infrequent use of 
skull roentgenograms. The diagnoses 
included pituitary adenomas, supra- 
sellar meningiomas, an internal carot- 
id artery aneurysm, and a craniopha- 
ryngioma. When the visual failure is 
bilateral, optic pathway glioma be- 
comes a strong possibility, requiring 
appropriate investigations. 

Many of the aforementioned dis- 
eases are surgically treatable, and, 
therefore, it is important to ascertain 
the cause of the progressive visual 
failure and, if possible, make a histo- 
logical diagnosis. Despite the surgical 
exploration of one of our cases, the 
diagnosis of optic pathway glioma was 
not made prior to death in any of the 
three cases. 
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Pineal Tumors 


A 53-Year Experience 


Jane F. Donat, MD; Haruo Okazaki, MD; Manuel R. Gomez, MD; 
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è Thirty-four patients with pathological- 
ly confirmed primary pineal tumors were 
evaluated at the Mayo Clinic from 1923 
through 1976. AH tumors were of germ cell 
or pineal cell origin. Most patients were 
adolescent boys with subacute increased 
intracranial pressure and Parinaud’s syn- 
drome. Hypothalamic symptoms were sur- 
prisingly infrequent. Direct surgical inter- 
vention was associated with high mortali- 
ty, but has been more successful in recent 
years. 

(Arch Neurol 35:736-740, 1978) 


rimary tumors of the pineal gland 

are rare; they constitute less than 
2% of primary brain tumors." Few 
series report the clinical characteris- 
tics and pathology of large numbers of 
these tumors.** 

We have reviewed the records of 34 
patients with primary pineal tumors 
evaluated at the Mayo Clinic from 
1923 through 1976 to gain some 
perspective regarding tumors in this 
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area of the brain. Three of these 
patients were reported previously.’ 


MATERIALS AND METHODS 


All pathologic specimens were reviewed 
by one of us (H.O. or T.J.R.), and diagnoses 
were revised when necessary according to 
the generally accepted modern classifica- 
tion.* In all instances, pathologic material 
from the region of the pineal gland had 
been obtained by biopsy (four cases) or 
autopsy (23 cases) or both (seven cases). 

We excluded all tumors that appeared 
not to have originated in the pineal gland 
or that were so widespread at the time of 
pathologie examination that their origin 
could not be determined. Such cases 
included, among others, thalamic and 
quadrigeminal plate gliomas, third-ventri- 
cle germinomas or “ectopic pinealomas,” 
ependymomas, and disseminated malig- 
nant teratomas. Also excluded were tumors 
with pathologic material obtained only 
from remote sites such as the spinal 
canal. 

We reviewed the roentgenograms, look- 
ing for abnormal pineal calcifications and 
evidence of increased intracranial pres- 
sure, and the contrast radiologic studies, 
for hydrocephalus and the presence of 
tumor. 


RESULTS 
Clinical Observations 


The patients comprised 30 males 
and four females. Their ages at the 
time of diagnosis of a brain tumor 


ranged from 19 months to 50 years, 
with a mean of 17 years. Only four 
patients were older than 30 years. 

In 17 patients, symptoms had been 
present for two months or less before 
the diagnosis was made, and only 
three patients had had symptoms for 
more than 12 months but none for 
longer than 18 months. Twenty-nine 
patients had symptoms of increased 
intracranial pressure such as head- 
ache, vomiting, and drowsiness or 
vague symptoms such as dizziness, 
light-headedness, fatigue, irritability, 
and decreased cognition. Twenty-four 
patients had visual symptoms, includ- 
ing blurred vision, diplopia, and dim- 
inished visual acuity. Thirteen pa- 
tients had incoordination; seven pa- 


Table 1.—Neuro-ophthalmologic 
Findings in 32 Patients With 
Primary Pineal Tumors 


No. of 


Findings Patients 


Papilledema 

Impaired pupillary light 
reflex 

Impaired pupillary 
accommodation reflex 

Paresis of upward gaze 

Paresis of downward gaze 

Retractory nystagmus 

Sixth nerve paresis 

Vertical or lateral 
nystagmus 

Collier's sign 
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Fig 1.—Pineal germinoma. Moderate dilation of lateral and anterior regions of third ventricle. Left, Note irregular, 
nodular outline of tumor edge (arrowheads), which resulted from tumor implants scattered through ventricular wall. 
Right, Calcium within mass is well seen and is eccentrically placed lateral to midline. 


tients had diminished hearing or 
experienced tinnitus. Seven patients 
had symptoms of hypothalamic dys- 
function, including three with obesity, 
two with diabetes insipidus, one with 
precocious puberty, and one with 
emaciation. 

Neurologic examination disclosed 
gait or limb ataxia in 18 patients, 
bilateral signs of corticospinal deficit 
in nine, and hemiparesis in eight. 
Bitemporal hemianopsia, homony- 
mous hemianopsia, and hemisensory 
deficit were found in one case each. 

Thirty-one of the 32 patients who 
had a complete ophthalmologic exami- 
nation were found to have some 
abnormality (Table 1). Papilledema, 
diminished pupillary reflexes, and 
paralysis of upward gaze (Parinaud’s 
syndrome’) were the most common 
abnormalities. 


Radiologic Findings 


Radiologic methods used to investi- 
gate these patients reflected the 
development and application of neuro- 
radiologic special procedures in the 
past five decades. All patients had 
plain roentgenographic examinations 
of the head, 29 had cerebral pneumo- 
grams (introduced in the 1920s), five 
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had angiograms (perfected in the 
1960s), and two were examined by 
computed tomography (a discovery of 
the mid-1970s). 

Calcification in the pineal region 
was noted in one half (17) of the cases, 
but was thought to be abnormally 
large in only seven of these. The 
calcifications were judged to be 
displaced (usually posteroinferiorly) 
from their normal position in nine 
cases. Plain skull roentgenograms also 
showed signs of increased intracranial 
pressure in 16 cases; there were de- 
mineralization and erosion of the sella 
in eight, separation of the sutures in 
two, and both of these changes in 
six. 

Cerebral pneumography, which was 
unsuccessful in one case, disclosed 
obstructive hydrocephalus in the re- 
maining 28. The lateral and anterior 
regions of the third ventricle were 
moderately to markedly dilated. In 
two patients (one with germinoma 
and one with malignant teratoma), 
the third ventricle was not visualized, 
presumably because of tumor infiltra- 
tion of the walls. In 23 patients, one 
edge of the mass was defined by air 
in the third ventricle, but the appear- 
ance—whether smooth or irregular, 


rounded or lobulated—was not helpful 
in discerning the type of tumor 
(Fig 1). 

Vertebral angiography demon- 
strated the presence of a vascular 
mass in all five cases so studied; de- 
formity and upward displacement of 
the internal cerebral vein, hydroce- 
phalus, and enlargement of the poste- 
rior medial and lateral choroidal arter- 
ies were also noted (Fig 2). Angio- 
graphic signs were not sufficiently 
characteristic to permit differentia- 
tion of tumor cell types or to exclude 
the possibility of other tumors arising 
in the same region (that is, thalamic 
and quadrigeminal plate gliomas). All 
tumors examined by this method were 
malignant. 

Computerized tomography disclosed 
the presence of a mass in both cases in 
which it was applied (pinealoblastoma 
and benign teratoma). Contrast en- 
hancement was obvious in both cases. 
The benign teratoma (Fig 3) was 
sharply circumscribed, whereas the 
malignant mass invaded adjacent tis- 
sues. More experience is needed to 
determine whether such a distinction 
will be valid in future cases, because 
decisions concerning the mode of 
treatment (surgical vs radiation ther- 


Pineal Tumors—Donat etal 737 





Fig 2.—Embryonal carcinoma. Vertebral angiogram. Left, Arterial phase demonstrating enlargement of posterior 
medial and lateral choroidal arteries and abnormal tumor vascularity (arrows). Right, Venous phase showing 
diffuse, widespread tumor blush (arrows) and elevation of internal cerebral vein (upper arrows). 





Fig 3.—Benign teratoma. Computerized to- 
mography with contrast. Lobulated, well- 
circumscribed, midline mass compressing 
adjacent third ventricle and quadrigeminal 
cistern. Before contrast injection, tumor 
showed only slightly increased attenuation 
coefficients. 


Table 2.—Pathologic Findings in 
34 Patients With Pineal Tumors 


No. of 


Types of Tumors Patients 


Germ cell tumors 
Germinoma 
Teratoma 

Benign 
Malignant 
Germinoma/ 
malignant 
teratoma 
Embryonal 
carcinoma 

Pineal cell tumors 
Pinealocytoma 
Pinealoblastoma 
Pinealocytoma/ 

blastoma 
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apy) could depend on such results. 

Our present neuroradiologie diag- 
nostic approach includes only head 
roentgenograms and computed to- 
mography. Angiography or pneumo- 
graphy (or both) is reserved for those 
cases in which a direct surgical 
approach is contemplated. 


Treatment and Survival 


Seventeen patients died within a 
month after an operative procedure. 
This included all 11 patients who 
underwent a suboccipital craniotomy, 
all performed before the year 1950. 
One patient died after a Torkildson 
shunt procedure was done in 1946, and 
another died after ventriculography 
was performed in 1958. 

Four patients died after an attempt 
at direct tumor removal. This opera- 
tion was performed in nine patients 
by a right parieto-occipital approach 
with splitting of the splenium of the 
corpus callosum: three of four patients 
operated on before 1950 died postoper- 
atively; four of five patients operated 
on after 1950 survived the immediate 
postoperative period. 

Twelve patients died within a year 
after the diagnosis was made: seven 
of these patients had been managed 
with a ventricular shunt, six had 
received radiation treatment, and two 
had undergone an attempt to remove 
the tumor. All patients had neurologic 
signs until the time of death; the signs 
were either secondary to increased 


intracranial pressure or they were 
primary eye findings. In one patient, 
diabetes insipidus and panhypopitui- 
tarism developed after the diagnosis 
of pineal tumor had been made, and in 
another patient bilateral facial nerve 
pareses and multiple spinal root 
lesions developed as a result of 
neoplastie seeding. 

All five long-term survivors were 
first examined after the year 1955. 
Three patients died one to four years 
after the diagnosis had been made. 
One patient was alive nine and anoth- 
er 20 years after diagnosis. Three of 
these five patients had ventricular 
shunts; all patients received radio- 
therapy to the tumor site and one to 
the spinal axis also; and three patients 
had operations to remove the tumor. 
Four patients had persisting neuro- 
logie deficit, but no signs of progres- 
sion developed after the diagnosis had 
been made. 


Pathology 


All tumors were of germ cell or 
pineal cell origin (Table 2). Tumor 
type was unrelated to duration or type 
of symptoms, abnormalities on neuro- 
logic examination, including ophthal- 
mologic findings, or pineal calcifica- 
tion. The three oldest patients had 
pinealocytomas. The four female pa- 
tients had either a pinealoblastoma or 
a malignant teratoma. 

All tumor types except germinomas 
formed bulky tumor masses, often 
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more than 3 cm in diameter, that 
compressed the midbrain and im- 
pinged on the posterior region of the 
third ventricle. Diffuse ventricular 
spread or invasion of the midbrain or 
superior vermis occurred with germi- 
nomas (Fig 4), pinealoblastomas, and 


malignant teratomas. Parinaud’s syn- 
drome resulted from either compres- 
sion or invasion of the midbrain (Fig 
5). Ataxia occurred in patients both 
with and without invasion or compres- 
sion of the cerebellum by tumor; in 
many cases, ataxia probably resulted 


Fig 4.—Diffuse ventricular spread of a primary pineal germinoma. Same tumor as in 
Fig 1. 








Fig 5.—Compression and invasion of midbrain by an embryonal 
carcinoma. Same tumor as in Fig 2. 


Fig 6.—Well-circumscribed benign teratoma that manifested itself 
as diabetes insipidus. Same tumor as in Fig 3. 
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from increased intracranial pressure. 

Hypothalamic symptoms occurred 
with all tumor types. The three obese 
patients had a germinoma, a pinealo- 
cytoma, or a pinealocytoma/blastoma. 
The two patients with diabetes insip- 
idus had either a germinoma or a 
benign teratoma (Fig 6). The boy with 
precocious puberty had a malignant 
teratoma. The emaciated infant had a 
pinealocytoma/blastoma. These tu- 
mors were either large enough to 
compress the floor of the third ventri- 
cle or they diffusely infiltrated it. 

Spinal cord seeding occurred in two 
patients with malignant teratomas. 

Three of the five long-term survi- 
vors had pineal cell tumors. The two 
longest-living patients, who were still 
alive at the time of this study, had 
undergone successful operations to 
remove a germinoma or a benign tera- 
toma. 


COMMENT 


This study confirms that the typical 
patient with a pineal tumor is an 
adolescent boy with symptoms of 
increased intracranial pressure and 
Parinaud's syndrome.**^'* The dura- 
tion of symptoms before diagnosis 
was very brief. Papilledema and 
hydrocephalus was almost universal. 
Focal, unilateral neurologic abnormal- 
ities were unusual. Symptoms were 
not different among the pathologic 
tumor types. 
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Diminished pupillary reflexes and 
paralysis of upward gaze were fre- 
quent in our patients. These ophthal- 
mologic abnormalities are referred to 
as Parinaud’s syndrome.’ A dissocia- 
tion between the pupillary reflex to 
light and to accommodation was also 
frequent. All of these signs plus 
retractory nystagmus and lid retrac- 
tion (Collier’s sign’) are known as the 
Sylvian aqueduct syndrome and result 
from destruction or compression of 
the rostral periaqueductal region.'*"* 

Precocious puberty is also consid- 
ered to be a frequent sign of a pineal 
tumor, most often a teratoma.^ How- 
ever, only one of our 11 preadolescent 
patients with a pineal tumor and one 
of seven preadolescent patients with a 
pineal teratoma had precocious puber- 
ty. 

Our exclusion of tumors that ap- 
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peared to invade the pineal gland only 
secondarily undoubtedly altered the 
symptoms and pathology we recorded 
as compared with other series. The 
low incidence of hypothalamic symp- 
toms and spinal seeding in our 
patients may have been caused by the 
exclusion of germinomas and terato- 
mas originating in the third ventricle. 
The low incidence of focal neurologic 
deficit is probably related to the exclu- 
sion of thalamic and midbrain glio- 
mas. Primary astrocytomas are rare, 
and we had no examples in our 
series. 

Because this series includes only 
proved cases, the data concerning 
survival, management, and results of 
surgical therapy are distorted in favor 
of those unsuccessful cases that came 
to autopsy. In the past, high mortality 
has made a direct surgical approach to 
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the pineal tumor seem inadvisable.*-* 
Today, direct surgery carries a lower 
morbidity and mortality than pre- 
viously and may result in long-term 
survival.'*'* It is noteworthy that the 
two longest-surviving patients in this 
series were managed by the direct 
surgical approach. 

Because some pineal tumors such as 
germinomas are highly radiosensitive, 
current recommendations for the ini- 
tial management of clinically diag- 
nosed pineal tumors consist of radio- 
therapy and cerebrospinal fluid shunt 
procedures to relieve hydrocephalus. 
All our patients who survived more 
than one year had been given radio- 
therapy. Surgery is reserved for those 
tumors, such as teratomas, that are 
radioresistant and that progress after 
radiotherapy." 
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in Myotonic Dystrophy 


Relation to Glucose Intolerance 
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e Motor nerve conduction velocity 
(MNCV) was measured in three peripheral 
nerves in each of 24 patients with 
myotonic dystrophy having various de- 
grees of associated glucose intolerance 
and was compared with results in a 
control group. Both groups had similar 
glucose tolerance and were matched for 
age and adiposity. The mean MNCV in the 
ulnar, median, and peroneal nerves in the 
myotonic dystrophy group were all signifi- 
cantly slowed (P < .01). This peripheral 
nerve dysfunction, usually subclinical, is 
yet another manifestation of this multisys- 
tem disease and is unrelated to the asso- 
ciated glucose intolerance. 

(Arch Neurol 35:741-745, 1978) 


yotonic dystrophy is a multisys- 

tem disease inherited with 
varying expressivity as an autosomal 
dominant trait. The seemingly unre- 
lated manifestations of this disorder 
in addition to the well-known skeletal 
muscle weakness, myotonia, and atro- 
phy include such diverse abnormali- 
ties as early cataracts and peculiar 
lenticular opacities, frontal balding, 
testicular atrophy, cardiac conduction 
abnormalities, hyperostosis frontalis, 
hypercatabolism of IgG, and mental 
deterioration! as well as hyperinsulin- 
ism.* Despite normal or supranormal 
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insulin secretion, the incidence of 
glucose intolerance is reported to be as 
high as 29% to 77% in the four largest 
series of patients so studied.** Char- 
acteristically, the glucose curve fol- 
lowing an oral glucose load in these 
patients is usually "flat" or even 
biphasie, with the early postabsorp- 
tive values unusually low and the two- 
and three-hour values in the border- 
line or diabetic range. This phenome- 
non is not readily explained on the 
basis of the impaired gastrointestinal 
motility that is known to be associated 
with this disease or on the basis of 
malabsorption.* | 

To our knowledge, the common 
complications of diabetes other than 
cataracts? are not found in any 
frequency in myotonic dystrophy. The 
recent reports of impaired motor 
nerve conduction velocity (MNCV) in 
this disease"? as well as preliminary 
clinical and electrophysiological find- 
ings of our own prompted us to study 
MNCV in a large series of myotonic 
dystrophy patients who were partici- 
pating in metabolic investigations. 
We know of no study examining the 
possible relationship of glucose intol- 
erance to MNCV slowing in this 
disease in which both appear to be so 
common even though of mild degree. 


SUBJECTS AND METHODS 


Twenty-four unselected patients with 
myotonic dystrophy representing 18 unre- 
lated families and an equal number of 
control subjects matched for age, adiposity, 
and glucose tolerance were studied in a 
clinical research ward. All participants 
signed an informed consent designed 
according to the Helsinki agreement on 
human experimentation. One subject in 
each group was known to have abnormal 


glucose tolerance prior to the year of the 
study. Using the criteria established by the 
University Group Diabetic Program," the 
World Health Organization,’® the British 
Diabetic Association,’® the Public Health 
Service," Fajans and Conn,'* and the 
Wilkerson point system, there were six 
patients and six controls who could be 
designated diabetic by at least one of these 
standards and five patients and four 
controls who could be by at least two of 
these standards. Six patients and four 
controls had a family history of diabetes in 
a first-degree relative that was not asso- 
ciated with any sign of myotonic dystro- 
phy. The mean age and the mean percent- 
age ideal weight (Metropolitan Life Insur- 
ance Tables, 1959) of the two groups were 
comparable (Table 1). None of the subjects 
had been treated for diabetes mellitus or 
was taking any drug known to affect 
carbohydrate tolerance. 

Oral glucose tolerance testing was per- 
formed in accordance with the recommen- 
dations of the American Diabetes Associa- 
tion, using oral glucose in a dose of 40 g/sq 
m of body surface area. Blood samples 
from indwelling venous catheters were 
analyzed for glucose by a neocupramine 
method* adapted to use with automated 
equipment and for insulin by radioimmu- 
noassay.' An integrated "glucose re- 
sponse," the index of glucose intolerance, 
was determined for each subject by cutting 
out and weighing the area circumscribed 
by the three-hour glucose curve above the 
fasting level; this value is expressed in 
arbitrary units. Similarly, an integrated 
"insulin response," a quantitative index of 
insulin secretion, was determined for each 
subject. 

The MNCV was determined using an 
electromyograph with 10-mm disk elec- 
trodes. The right median, ulnar, and pero- 
neal nerves were studied on each subject, 
using the method of Johnson and Olsen.*? 
In each case the distal stimulation point 
was 8 em proximal to the active electrode. 
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Proximal stimulation was at the antecubi- 
tal space for the median nerve, distal to the 
ulnar groove for the ulnar nerve, and at the 
head of the fibula for the peroneal nerve. 
All of the studies were done at room 
temperature. 

Statistical evaluation was done using 
Student’s two-tailed ¢ test for independent 
variables, with a P value less than .05 
indicating statistical significance. 


RESULTS 


The oral glucose tolerance test 
results are shown in Fig 1. The results 
in the control and myotonic groups 
were similar until the third hour, 
when six of the patients but only two 
of the controls had plasma glucose 
levels greater than 140 mg/dl. Peak 
values greater than 185 mg/dl were 


seen in five myotonic patients and six 
controls. The integrated glucose re- 
sponse was slightly greater in the 
controls than in the myotonics but this 
was not significant. The insulin 
response, however, was significantly 
greater (P< .02) in the myotonic 
group (Table 1). 

The mean MNCV in the myotonic 
dystrophy patients for each of the 
three nerves tested was significantly 
slowed when compared with the 
control values (Table 1). Using the 
control mean + 2 SD as the “normal” 
range for each of the three nerves, 
only one of the control subjects had a 
value below this range (ie, was more 
notably slowed) for any one nerve or 
for the mean of the three nerves. In 


Table 1.—Clinical, Metabolic, and Electrophysiologic Features of Subjects 












Motor Nerve 
Conduction Velocity, 
% m/sec 
Age, Ideal Glucose net eee 
yr Weight Response Response Ulnar Median Peroneal Mean 

Myotonics (N = 24) 

Mean 41 116 540 1154 51 50 42 48 

SD 13.2 22.0 297.6 1138.8 5.7 4.5 5.0 4.2 

SE 2.7 4.5 60.8 232.5 1.2 0.9 1.1 0.9 
Controls (N = 24) 

Mean 44 120 550 516 59 55 46 53 

SD 17.2 19.1 298.0 328.0 5.6 4.4 4.1 4.0 

SE 3.5 3.9 60.8 68.4 1.1 0.9 0.8 0.8 





P NS* NS NS <.02 <.001 <.001 <01  «.001 








*NS indicates not significant. 


NO 
© 


e 
e 


Myotonic Dystrophy e——e 


Controls o 


Time (min.) 


Fig 1.—Results of oral glucose tolerance testing in myotonic dystrophy patients and 
controls matched for degree of glucose intolerance. Vertical lines indicate 1 SE from 
mean. 
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contrast, there were 13 patients witha 
MNCV value for at least one of the 
three nerves (open circles in Fig 2 
with boldfaced values in Table 2) more 
than 2 SD less than the mean of the 
control group. Among these were 
three with two values and one with all 
three values more notably slowed. 
There were three patients with severe 
muscle wasting in whom an extensor 
digitorum brevis muscle response 
could not be obtained, making the 
peroneal nerve value unobtainable. 
The MNCV slowing was not, however, 
restricted to those patients with 
significant disability; the ten patients 
without such disability also showed 
significant ulnar, median, peroneal, 
and mean MNCV slowing (P = < .01, 
.05, .05, and .01, respectively) when 
compared with age-matched controls 
(mean age, 28 years). 

Table 2 summarizes the clinical data 
and MNCV values for individual 
myotonic dystrophy patients; Table 1 
compares the means of these data as 
well as the means of the glucose and 
insulin responses with those of the 
control group. Among the myotonic 
group were five patients with varying 
degrees of stocking pinprick hypes- 
thesia, including one with impaired 
vibration and position sense in the 
distal lower extremities for which no 
cause could be found. Two of these 


Glucose response 








40 42 44 46 48 50 52 54 56 
Mean nerve conduction velocity (meters/sec. ) 


Fig 2.—Relationship between degree of 
glucose intolerance (expressed in arbi- 
trary units as "glucose response") and 
mean conduction velocity in 24 myotonic 
dystrophy patients. 
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Table 2.—Individual Clinical Features and Motor Nerve Conduction Velocities of Myotonic Dystrophy Patients 











Duration Reflexesi Motor Nerve Conduction 
96 of MM. Velocity. m/sec 
Patient/ Ideal Symptoms,* Significant Upper Lower Glucose 
age, yr Weight " Disability? Extremities Extremities Intolerance we meman peronea, Mean 












5/27 To 

6/52 115 : DEDI 1+ 1+ - = * ss is 
cane 

7/56 125 11 Unemployed, 0 0 Yes 49 53 37 46 
cane 

8/53 115 32 Unemployed, 0 0 49 49 44 47 
prosthetic 














14/57 E Walker- 0 
Wheelchair 

15/39 163 21 Walker- 3+ 0 44 41 43 43 
Wheelchair 






16/50 Wheelchair 
17/22 x 
18/54 "Wheeictisir 








19/39 Foot drop 

20/26 

21/48 1 ns | z peere 

22/35 : + 2 






23/61 Wheelchair 
24/42 Wheelchair 


*Duration of symptoms that were bothersome to patient. This did not coincide with duration of mild myotonia, the onset of which was always difficult to 
date. 

TUnemployed indicates unemployed secondary to disability from myotonic dystrophy; prosthetic, lower extremity prosthetic brace used; wheelchair, use 
of wheelchair either permanently or for ambulation outside the home. 

10 indicates complete areflexia all reflexes; 1+ , half hypoactive or absent reflexes; 2 + , mostly hypoactive with some trace or absent reflexes; 3 + , mostly 
hypoactive but all reflexes easily elicitable; 4+ , mostly within normal limits. 

§Boldfaced numerals indicate values more than 2 SD less than the mean of the control group. 


Table 3.—Correlation Coefficients (r) of Mean Motor Nerve Conduction Velocity 





were young with only mild weakness 
and atrophy and had normal MNCV 



























values. The three others were aware Glucose Insulin 
of some numbness in their feet, had Response Response Age Duration 

. : Myotonic group —.081 (NS)* —.153 (NS) —0.399 —0.398 
disabling muscle weakness, and had at (NS;P = <1)  (NS;P-—.1) 
















least one more notably slowed MNCV 
value as well as absent Achilles 
reflexes. As might be expected, 
patients with complete deep tendon 


Control group —.148 (NS) —.054 (NS) 





*NS indicates not significant. 


areflexia were generally older and had 
had symptomatic muscle weakness for 
a longer time. Varying degrees of 
partial areflexia and _ hyporeflexia 
found in the other patients did not 
appear to reflect their age, duration of 
symptoms, or degree of disability. The 
degree of hyporeflexia also was unre- 
lated to MNCV slowing. 

Linear regression analysis in the 
patient group showed no significant 
relationship between the mean MNCV 
and either the integrated glucose (Fig 
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2) or the integrated insulin responses 
during oral glucose tolerance testing. 
Although the mean MNCV tended to 
decrease with both age and duration 
of symptomatic disease in the patient 
group, these relationships did not 
reach statistical significance. Howev- 
er, of the eight patients 30 years of 
age or younger, none had significant 
disability and only two had borderline 
or notable (2 SD from control mean) 
MNCV slowing. Of those 11 patients 
who admitted to "bothersome" symp- 


toms for at least 20 years, only four 
had all MNCV values above this 
borderline limit. Of those 13 patients 
with notable MNCV slowing (open 
circles in Fig 2), seven were unem- 
ployed because of physical disability 
from their disease. Correlation coeffi- 
cients for the above relationships in 
both patient and control groups are 
given in Table 3. 


COMMENT 


Despite a degree of glucose intoler- 
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ance that was, if anything, of lesser 
degree in the patient group, the 
means of the MNCV values in all three 
nerves were significantly slowed in 
this group, quite clearly so in half the 
group. In addition, it is quite clear 
that this nerve conduction impair- 
ment is not related to any genetic 
predisposition toward diabetes melli- 
tus and, unlike the high incidence of 
cataract in the disease,’ it is indepen- 
dent of glucose intolerance. Even 
what little relationship is found 
between the conduction velocity and 
glucose intolerance is less apparent in 
the myotonic group than in the 
controls. Similarly, the usual minimal 
decline of conduction velocity with 
advancing age? seen in the control 
group is less apparent in the myotonic 
group, suggesting the influence of a 
strong extraneous neuropathic factor 
in the latter group. 

Although an occasional subject with 
“chemical diabetes” is found to have 
obvious neuropathy,” clinically signif- 
icant diabetic neuropathy is nearly 
always associated with the frank 
diabetic state.” The typical segmental 
demyelination as found in frankly 
diabetic patients with fasting hyper- 
glycemia and associated clinical neu- 
ropathy?^ has not been obvious or 
notable in myotonic dystrophy pa- 
tients. However, the histopathologic 
changes, if any, that underlie the 
more mild neuronal dysfunction re- 
ported in borderline diabetics remains 
to be elucidated, for it has been shown 
that MNCV in these patients is signif- 
icantly slowed compared with controls 
having normal glucose tolerance.’ 

In the case of myotonic dystrophy, 
only Kito et al’ have reported MNCV 
slowing in patients who underwent 
nerve biopsy for histologic and ultra- 
structural examination. Their find- 
ings were for the most part nonspe- 
cific although they described lipid 
inclusions in Schwann cell cytoplasm 
that were observed as frequently as in 
diabetes mellitus.^ A careful mor- 
phometric study of peripheral nerve 
biopsy specimens from four patients 
with myotonic dystrophy reported 
recently?" disclosed no abnormalities, 
but the study subjects were selected 
on the basis of unequivocally normal 
nerve conduction velocities and cannot 
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be assumed to represent a random 
sample of patients with this disease. 
Several other reports, however, sug- 
gest a pathologie basis for MNCV 
slowing. At least early in the disease, 
the commonly observed muscle 
changes are in many ways similar to 
those observed in primary neurogenic 
atrophy, the central migration of 
nuclei being prominent.*’ Atrophy, hy- 
pertrophy, degenerative changes, fi- 
brosis, and fatty infiltration appear to 
be progressively more advanced le- 
sions.*' The subterminal nerve sprout- 
ing described could be due to reinner- 
vation of denervated muscle fibers, 
and the unduly large and complex 
motor endplates found also can be 
found in chronic (including metabolic) 
progressive degeneration of the lower 
motor neuron.” Histochemically, mo- 
tor endplates can be found that 
appear small and abortive, frequently 
without visible connection to nerve 
fibers.” Ultrastructurally, sarcolem- 
mal indentations can be found that 
appear to be these denervated motor 
endplates, and no axons or Schwann 
cells are associated with them.?* Swell- 
ings and irregularities of the axons 
and myelin, as well as marked reduc- 
tion of caliber and even complete 
breakdown of nerve fiber substance, 
are found within the intramuscular 
nerve trunks." | Ultrastructurally, 
damage is more prominent in the axon 
than in the myelin, with predominant 
features being an increase in the 
neurofilaments and a decrease in the 
neurotubules, and the lipid inclusions 
in the Schwann cell cytoplasm have 
already been mentioned.’ Direct cor- 
relation of the aforementioned abnor- 
malities with the individual patient's 
clinieal and electrophysiological data 
has not been performed in any patient 
series of substantial size, and the 
import of these abnormalities in the 
genesis of MNCV slowing can be only 
speculative. 

We are not partisans of the "neu- 
rogenic hypothesis" of muscular dys- 
trophies in general or myotonic dys- 
trophy specifically and do not think 
that minimal MNCV slowing is an 
adequate explanation for either the 
denervation-like changes described 
above or the weakness and atrophy 
that affliets these patients. Panayio- 


topoulos and Scarpalezos** recently 
published a brief review of the perti- 
nent myopathie and neurogenic fea- 
tures of myotonic dystrophy; they 
argue for an independent expression 
of myopathie and neuropathic distur- 
bances. Engel" postulates the absence 
of an "inhibitory factor" in myotonic 
dystrophy with subsequent sponta- 
neous muscle discharges or myotonia, 
acknowledging that MNCV in these 
patients is within normal limits. 
Undoubtedly there may be various 
trophic and inhibitory factors me- 
diated by specialized axonal transport 
systems that are subject to minimal 
dysfunction with clinically detectable 
impairments. 

The muscle spindle abnormalities in 
myotonic dystrophy deserve special 
comment since they have represented 
a possible explanation for the pres- 
ence of myotonia and absence of deep 
tendon reflexes in these patients. A 
large number of abnormally thin 
intrafusal muscle fibers, an excess of 
intraluminal and capsular fibrosis, 
and an abnormality of the pattern of 
innervation paralleling the abnormali- 
ties in the extrafusal muscles have 
been described.**** Messina et al," 
however, have offered convincing evi- 
dence that pathologic changes in the 
muscle spindles do not account for the 
absence of deep tendon reflexes 
because electrical stimulation of the 
Ia afferents (the H reflex) elicited no 
reflex response in their patients. 
Since sensory nerve conduction veloci- 
ty was within normal limits, they 
discounted the possibility of neuropa- 
thy in Ia nerve fibers. They proposed 
that the selective atrophy of type I 
muscle fibers in this disease" might 
be responsible because monosynaptic 
reflexes are believed to be mediated 
predominantly by the slowly contract- 
ing (type I) a-motorneurons. The 
myotonic phenomenon has no convinc- 
ing explanation. Of anecdotal interest 
is the recent description of the 
unmasking of myotonic dystrophy 
with the appearance of severe myo- 
tonia following administration of vin- 
cristine, a known neurotoxin.** Like 
Messina et al," we were unable to find 
a good correlation between impaired 
deep tendon reflexes and muscle wast- 
ing; in addition, we found no clear 
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relationship with the degree of MNCV 
slowing. We and others" found no 
clear relationship between muscle 
wasting and MNCV slowing, and 
direct histopathologic correlation has 
not been done in any series of 
patients. 

Although we are puzzled by the 
presence of at least five reports of 
mostly normal sensory nerve conduc- 
tion studies in myotonic dystro- 
phy,°?%73940 these studies must be 
interpreted as being consistent with 
the probability of a preponderant or 
even isolated motor neuropathy or 
dysfunction in this disease rather 
than as evidence against any abnor- 
mality. We know of no evidence for 
specific anterior horn cell abnormali- 
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ties, although McComas et al? have 
reported a decrease in the number of 
motor axons in this disease, using an 
original electrophysiologie motor unit 
counting technique. Also, Panayioto- 
poulos et al? have found slowing of 
the estimated motor conduction veloc- 
ity of the F wave along the proximal 
segments (knee-anterior horn-knee) 
of the axons of the deep peroneal 
nerves. Caccia et al* have shown that 
the slowing of MNCV is also demon- 
strable in the ulnar nerve from axilla 
to elbow, so it does not appear to be 
restrieted to the distal segment of the 
nerve. 

Another possible metabolic neuro- 
pathy, in addition to diabetic neuropa- 
thy, that might be suspect in myotonic 
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dystrophy relates to the extreme 
hyperinsulinism in this disease. Hypo- 
glycemic neuropathy, although rela- 
tively. uncommon and usually asso- 
ciated with pancreatic insulinomas," 
might be in fact a misnomer and 
reflect the neurotoxicity of excessive 
insulin.*? We were unable, however, to 
find any association of the widely 
varied and at times extreme degrees 
of hyperinsulinism with the observed 
MNCV slowing. 
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Familial Cavernous Angiomas 


Joseph M. Bicknell, MD; Thomas J. Carlow, MD; Mario Kornfeld, MD; Jorgen Stovring, MD; Paul Turner, MD 


€ Cavernous angiomas are rare, surgi- 
cally remediable vascular malformations 
of the CNS that may be characterized by 
hemorrhage, seizures, or focal neurologic 
deficits. Three families with cavernous 
angiomas have been described, and we 
report two more. 

In the first, the mother died suddenly 
with headache. A pontine cavernous 
angioma was found at autopsy in one son. 
His brother has similar pontine signs and 
a radiographically proved pontine mass. 
The brother’s son has seizures and a 
calcified cerebral lesion. In the second 
family, the father had a cavernous angio- 
ma excised from the caudate. One of his 
daughters had a hemorrhagic mass 
removed from the spinal cord. Another 
daughter has seizures and a temporal 
lobe vascular lesion proved angiographi- 
cally. 

Awareness of the possibility of familial 
involvement may aid in diagnosis of 
cavernous angioma. 

(Arch Neurol 35:746-749, 1978) 


E angiomas are relatively 
uncommon vascular malforma- 
tions that may involve any part of the 
CNS. Some are clinically quiescent, 
but others cause seizures, hemor- 
rhage, or focal neurologic deficit. 
Identification of these malformations 
is clinically important, since surgical 
removal of accessible lesions is rela- 
tively easy. Cavernous angiomas may 
be shown radiographically, especially 
by computerized axial tomography 
(CT); at times, there are supporting 
findings on cerebral angiography, and 
occasionally calcifications in the an- 
gioma are seen on plain skull roent- 
genograms. They should be suspected 
clinically when focal neurologic prob- 
lems affect more than one family 
member. Three such instances of 
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familial involvement have been re- 
ported in the past.'^ We studied two 
additional families showing patholog- 
ic, radiographic, or clinical evidence of 
cavernous angioma. 


REPORT OF CASES 


Case L—A 35-year-old man was well 
until the age of 8 years, when suddenly 
strabismus, right facial paralysis, and left 
hemianesthesia developed. Neurologie ex- 
amination performed when he was 26 years 
of age disclosed bilateral horizontal gaze 
pareses, right abducens paralysis, and 
palatal myoclonus in synchrony with a 
dissociated pendular vertical nystagmus. 
No ocular movement was noted in response 
to calorie or optokinetie stimuli. The 
masseter muscle on the right was weak, 
atrophie, and fasciculating. Right facial 
muscles were totally paralyzed. Hearing 
was impaired, mildly on the left and 
severely on the right. Hemiparesis, hemi- 
anesthesia, and ataxia were present on the 
left, and sweating was decreased on the 
entire right side of the body. Carotid and 
vertebral angiograms, pneumoencephalo- 
gram, and CSF examination showed no 
abnormality. He died suddenly at 35 years 
of age with a blood alcohol level of 519 mg/ 
dl. Bulging of the central pons, thinning of 


the right abducens and facial nerves, and 
atrophy of the right cerebellar hemisphere 
and vermis were evident on examination of 
the brain. Brain stem sections showed a 
brownish-red tegmental mass from the 
upper medulla to the inferior colliculus that 
extended through the brachium pontis into 
the right cerebellar hemisphere (Fig 1). 

Histologically, the pontine lesion was a 
cavernous angioma composed of closely 
packed, irregular vascular channels. The 
channels had fibrous walls devoid of elastic 
fibers and smooth muscle; they were lined 
by a single layer of endothelium. Some 
contained thrombi in various stages of 
organization. Areas of calcification and 
metaplastic bone were present in several 
portions of the lesion. The surrounding 
parenchyma was rarified in some places, 
heavily gliotic in others, and contained 
numerous hemosiderin-laden macrophages 
(Fig 2). A second malformation, a minute 
telangiectasis, was seen in the right lingual 
gyrus. 

Case 2.—The older brother of patient 1 
was in good health until he was 38 years 
old, when he abruptly experienced vertigo, 
tinnitus, hearing loss on the right side, and 
occipital headache. Within a week he 
became anesthetic on his entire left side. 
Neuro-ophthalmologic examination 
showed a horizontal gaze paresis on the 


Fig 1.—Large, dark red, lobulated lesion in pontine tegmentum (case 1). It includes 
rounded space with calcified wall (midline, between base and tegmentum) and scattered 


white specks of calcium. 


è 
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Fig 2.—Lesion is composed of tightly 
packed vascular channels of variable sizes 
(case 1). Walls consist of connective 
tissue lined with endothelium. There is no 
elastica nor media. Dark precipitates are 
calcium (Verhoeff-von Gieson, x 4.5). 


right side, bilateral abducens paresis, hori- 
zontal gaze-evoked nystagmus on right and 
left lateral gaze, rotary nystagmus on 
upward gaze, and saccadic pursuit when 
following targets to the right. Corneal 
reflex, facial sensation, and jaw strength 
were reduced on the right. There was a 
right peripheral facial paresis with myoky- 
mia. Hearing was impaired bilaterally 
(more on the right than the left), with 
features of retrocochlear involvement on 
audiometry. A subtle left hemiparesis and 
ataxia were evident. 

Carotid and vertebral angiography were 
normal; pneumoencephalography, howev- 
er, showing enlargement of the right side 
of the pons. He was felt to have a pontine 
glioma (the nature of his brother’s illness 
had not yet been determined), and he was 
treated by irradiation and chemotherapy. 
His symptoms have remained stable for 
three years. Contrast-enhancing lesions in 
the right side of the pons and left cerebel- 
lar hemisphere consistent with cavernous 
angiomas have been proved subsequently 
by CT scan. 

Case 3.—The 19-year-old son of patient 2 
had seizures when he was 9 years old, some 
beginning focally in the left arm and 
others displaying a psychomotor pattern. 
His neurologic examination was normal, 
but EEG showed spike discharges and a 
slow wave focus in the right posterior 
temporal region. A 3-cm spherical area of 
finely granular calcification was seen in 
the same area in roentgenograms of the 
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Fig 3.—Case 3. Circumscribed area of small stippled calcifications in right posterior 


temporal area (arrows). 





Fig 4.—Case 5. a, Precontrast CT scan showing calcium-containing, well-circumscribed 
lesion in right caudate nucleus and internal capsule (arrow); no mass effect. b, 
Enhancement of lesion after contrast (arrow). 


skull (Fig 3). The mass appeared avascular 
angiographically, and a biopsy was at- 
tempted. 

Examination of the excised tissue, how- 
ever, showed only glial proliferation, 
globose eosinophilic bodies, and hemosider- 
in-containing macrophages, consistent 
with tissue from the periphery of a lesion 
that had bled at some time in the past. In 
the ensuing ten years, despite school and 
behavioral problems and unreliable use of 
anticonvulsants, he has remained neurolog- 
ically normal with infrequent seizures. 


Computerized axial tomographs showed 
cavernous angioma. 

CasE 4.—A woman, the mother of 
patients 1 and 3 and the grandmother of 
patient 3, was not seen. She was said to 
have “died suddenly with a severe head- 
ache at an early age." 

Case 5.—A 56-year-old man had lifelong 
weakness and wasting of the left arm. 
Despite two years of college education, he 
had always held menial jobs and had been a 
chronic alcoholic for many years. His 
memory and equilibrium had been poor for 


Angiomas—Bicknell et al 747 








Fig 5.—Case 7. Precontrast CT scan with 


calcification in 
region (arrow). 


left posterior temporal 


five years, and he was hospitalized for 
evaluation of dementia. On examination, 
although alert and oriented, he could not 
remember three items for two minutes. 
Cranial nerve testing showed only mild 
dysarthria. The left arm and hand were 
small, weak, and spastic, with a flexed 
posture and choreoathetotic movements. 
The gait was broad-based. Reflexes were 
hyperactive on the left. Sensory function 
was normal. 

The CT sean showed slight ventricular 
enlargement, and a _ 3.5-cm, contrast- 
enhancing mass was present in the head of 
the right caudate nucleus (Fig 4). Right 
internal carotid angiography showed no 
abnormality. The lesion was excised with- 
out diffieulty, and the patient was 
discharged unchanged. 

On gross examination, the excised mass 
was firm and its cut surface had a spongy 
appearance due to the presence of multiple 
cystic spaces. Microscopically, it was a 
cavernous angioma consisting of a plexus 
of clustered vascular channels of varying 
size. The vessel walls were composed exclu- 
sively of connective tissue that often 
displayed irregular hyalin thiekening; the 
vascular channels were lined by a single 
endothelial layer. There were areas of 
thrombosis and focal calcifieation, and the 
surrounding tissues showed gliosis and 
hemosiderin-laden macrophages. 

Case 6.—The 32-year-old daughter of 
patient 5 was well until she was 20 years of 
age, when she noted sensory loss in her left 
toes. This gradually ascended to the iliac 
crest and then extended to the right leg. At 
21 years, when she experienced dysesthetic 
shock-like pains in the left leg, myelogra- 
phy was normal. However, myelography 
performed when she was 24 years, after 
she had become weak in the left leg and 
was unable to void, showed enlargement of 
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Fig 6.—Case 7. Late venous phase of left carotid arteriogram shows persistent 
opacification of irregular sinusoidal channels in angioma of left posterior temporal 


region (arrows). 


the spinal cord, with a partial block of the 
spinal canal at the T6-T7 level. 

A multilobulated, intramedullary lesion 
was excised from the cord. Grossly, it 
included liquid hematoma, three solid blood 
clots, and grayish surrounding tissue. 
Microscopic examination showed clotted 
blood, small fragments of cord parenchyma 
stained with blood pigment, and large 
vascular spaces described as “very dilated 
capillary-type structures resembling a hy- 
groma or vascular malformation." Postop- 
eratively, her legs remained weak and 
painful, and she continued to have trouble 
voiding. Her dysesthetic leg pain became 
increasingly severe despite treatment with 
phenytoin sodium and carbamazepine. 
When she was 27 years of age, a myelo- 
gram showed enlargement of the spinal 
cord from T5 to T7. A second laminectomy 
showed numerous dilated vascular chan- 
nels entering an unresectable intramedul- 
lary mass of vessels. 

Her symptoms worsened slowly over the 
next three years. Selective spinal cord 
angiography failed to show abnormal 
vessels, and she remains paraparetie with a 
T6 sensory level. 

Case 7.—A 28-year-old woman, the sister 
of patient 6, had had psychomotor seizures 
since she was 15 years old. This was 
controlled with carbamazepine, 200 mg 
twice daily. Results of neurologic examina- 
tion were normal. At 28 years of age, her 
EEG showed left temporal spikes and slow 


waves. A CT scan indicated a high-density 
mass in the left posterior temporal region 
(Fig 5). 

Left carotid angiography was carried 
out with the injection of 6 ml of 60% 
iothalamate meglumine per second for 2!5 s 
(a total of 15 ml of contrast medium). The 
filming sequence was extended over 16 s, 
and irregular sinusoidal channels were 
seen in the left posterior temporal region, 
with opacification persisting after contrast 
had disappeared from all other intracranial 
veins (Fig 6). 

The diagnosis of cavernous angioma was 
suspected, but because of the left temporal 
location and the patient's good response to 
medication, surgery was deferred. 


COMMENT 

Vascular malformations of the 
nervous system are typically divided 
into at least three major categories: 
(1) capillary telangiectasis, (2) caver- 
nous angioma, and (3) venous and 
arteriovenous malformation.* Each 
has characteristic features pathologi- 
cally, clinically, and radiographically. 

Grossly, the cavernous angiomas 
range in size from one millimeter to 
several centimeters. They may be 
single or multiple, may be accompa- 
nied by cavernous angiomas in other 
organ systems, and may appear in 
association with telangiectases. Often 
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they are circumscribed or encapsu- 
lated and may be multilobular. 
Hemorrhage, thrombosis, calcifica- 
tion, or ossification may be seen.*5 
Mieroscopically, they are composed of 
closely packed, irregular, thin-walled 
channels with no elastica, no muscu- 
laris, and no intervening neural 
tissue.* The vessel walls may be hya- 
linized, and hemosiderin staining and 
gliosis of adjacent tissue may reflect 
minor hemorrhages.’ 

Clinieally, the cavernous angioma 
may be quiescent, coming to light only 
at autopsy. Symptomatic patients 
may have seizures, hemorrhage, or 
focal deficits, and the evolution may 
be ictal or progressive.*' The cere- 
brum and pons are the commonest 
sites, but the midbrain, cerebellum, 
medulla, or spinal cord may also be 
involved.*** 

Radiographically, a cavernous an- 
gioma may be seen as (1) a cireum- 
scribed area of small, stippled calcifi- 
cation in plain skull films; (2) an area 
of increased uptake on radionuclide 
brain scan’; (3) a nonspecific mass in 
pneumoencephalography; (4) an area 
of increased density in CT scan"; or 
(5) an area of abnormal vascularity in 
angiography. 

Computerized axial tomographic 
scanning is more sensitive than ordi- 
nary roentgenography in detecting 
calcifications, which are typically clus- 
tered in a well-demarcated area. Blood 
in the cavernous vascular spaces also 
appears as increased density and may 
show enhancement after intravenous 
contrast administration. There is little 
or no mass effect unless recent hemor- 
rhage has occurred. 

Angiography has been done in 
approximately 20 reported cases of 
cavernous angioma. Many patients 
have shown no abnormality or at most 
an avascular mass.™™'? Enlarged feed- 
ing arteries are never seen, but irreg- 
ular neovascularity in the early arteri- 
al phase was described in one case." 
Recently, with improved angiographic 
techniques, capillary blush and promi- 
nent draining veins have been seen in 
several cases.*'* Increased volumes of 
contrast medium and prolonged film- 
ing may be necessary, and contrast 
may persist in the angioma longer 
than in other venous structures.” 
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Kufs, in 1928, described multiple 
“telangiectatic nodules" of the brain 
in a man of 81 years, his 45-year-old 
daughter had suddenly experienced a 
pontine syndrome at the age of 20 
years. 

A family reported in 1936 by 
Michael and Levin had five affected 
members. The mother had seizures 
for three years and "died of epilepsy," 
and her brother had seizures as well. A 
daughter with intermittent left hemi- 
plegia, focal convulsions, and calcifica- 
tions visible in plain skull roentgeno- 
grams died in status epilepticus. 
Postmortem examination showed cav- 
ernous angiomas of the right frontal, 
temporal, and parietal lobes, the left 
hippocampus, and the right cerebellar 
hemisphere. Her younger sister also 
had focal seizures and calcifications, 
and her older sister had migraine-like 
episodes, with transient sensory loss 
on the left side followed by head- 
aches. 

Two patients with pathologically 
verified cavernous angiomas were 
described by Clark in 1970.* In a 27- 
year-old man with headaches, psycho- 
motor seizures, and a midbrain mass, 
hydrocephalus developed and he died 
after surgical exploration and shunt- 
ing. He had cavernous angiomas in 
the left frontal and temporal lobe and 
the posterior half of the midbrain. His 
daughter died in coma at the age of 28 
years after one year of headaches; 
autopsy disclosed a right temporal 
cavernous angioma with evidence of 
both old and recent hemorrhage. 

Of these nine cases, four were 
confirmed pathologically and five 
were diagnosed on clinical and radio- 
graphic grounds. 

Of our seven patients, one from 
each family (patients 1 and 5) showed 
the classical pathological findings of 
cavernous angioma, while another 
from each family (patients 3 and 6) 
showed compatible, but less conclu- 
sive, histologic changes. The tissue in 
case 3 resembled that seen adjacent to 
a vascular malformation, and that in 
case 6 was typical of the cryptic angio- 
ma in which hemorrhage obliterates 
much of the original vascular malfor- 
mation. One case from each family 
(case 2 and 7) had no pathologic confir- 
mation, but radiographic findings 


were quite typical of cavernous angio- 
ma. In only one patient (case 4) was 
the diagnosis made solely on the clini- 
cal history. 

With 16 cases in five families now 
described, familial occurrence appears 
to be an important clinical character- 
istic of cavernous angioma. The ease 
of identifying cavernous angiomas by 
CT scan and perhaps by modern 
angiographic technique and the feasi- 
bility of surgical excision" makes 
identification of these cases increas- 
ingly important. A positive family 
history may be a valuable aid to the 
early diagnosis and treatment of 
cavernous angioma. 
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Thermolability in 


Wernicke’s Encephalopathy 


James M. Lipton, PhD; Harlan Payne, MD; 


Homero R. Garza, MD; Roger N. Rosenberg, MD 


€ A patient with signs of Wernicke’s 
disease had low body temperature and 
showed thermolability when challenged 
with cold and heat. This man expressed 
no feelings of thermal discomfort about 
his persistently low core temperature or 
about induced changes in his core 
temperature. He also showed abnormali- 
ties in his febrile response to pyrogen and 
in his circadian temperature rhythm. 
Treatment with thiamine hydrochloride 
resulted in substantial improvement in 
these thermoregulatory deficits. 

(Arch Neurol 35:750-753, 1978) 


emperature control function was 

found to be abnormal in an alco- 
holic patient who showed signs of 
Wernicke's encephalopathy, including 
ataxic gait, nystagmus, and amnesia. 
Thermolability to exogenous cooling 
and heating and a lack of normal 
subjective reactions to changes in 
temperature were noted, despite the 
patient's ability to identify correctly 
thermal stimuli applied briefly to his 
skin. Further, this patient showed a 
poor febrile response to intravenous 
(IV) injection of pyrogenic 
lipopolysaccharides. After two months 
of thiamine hydrochloride therapy, 
the patient regained normal physio- 
logical and affective responses to chal- 
lenge with cold and heat and to pyro- 
gen, and the signs of Wernicke's 
disease resolved as well. The findings 
indicate that several aspects of ther- 
moregulatory function may be dis- 
turbed in Wernicke's disease and 
suggest that treatment with thiamine 
can reverse the biochemical altera- 
tions responsible for disturbance of 
these functions. 
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REPORT OF A CASE 
First Admission 


A 53-year-old man was admitted to the 
neurology service at Parkland Memorial 
Hospital on Nov 7, 1976, complaining of 
progressive swelling of the hands and feet 
during the past five months. The patient 
admitted drinking !^ to 1 pint of blended 
whiskey daily for ten years prior to admis- 
sion. He denied binge drinking, and there 
was no history of delirium tremens. The 
patient stated that he usually had only one 
large meal per day and often ate even less 
for days at a time. He rarely ate fresh 
fruits or vegetables and took no supple- 
mental vitamins. Three weeks prior to 
admission, he began to experience burning 
pain in the soles of both feet and a stagger- 
ing gait developed. A diagnosis of arthritis 
of the left hip had been made when he was 
18 years of age. This disorder led to hip 
fusion and a limp. One month prior to 
admission he was seen in the emergency 
room for a minor injury. His oral tempera- 
ture at that time was low (36.4 °C). 

Physical Examination.— The patient was a 
very thin, poorly nourished man. His blood 
pressure was 138/70 mm Hg without an 
orthostatic fall. His pulse was 80 beats per 
minute and regular. Respirations were 14/ 
min, and rectal temperature was 35.8 °C. 
The skin showed no abnormalities. No 
abnormalities of ears, nose, or pharynx 
were noted, and thyromegally was not 
present. The chest was clear to percussion 
and auscultation. Heart examination 
showed no tenderness or masses. The liver 
was 9 cm in span and firm, a small amount 
of ascites was present, and there were 
large hemorrhoids. There was pitting 
edema of the hands and legs. 

Neurological Examination.—The patient 
was alert but mildly confused; he was not 
aphasic. He was unable to repeat more 
than four digits forward and none back- 
wards. Three bits of information could not 
be learned even though the patient under- 
stood the task and the information was 
repeated several times. There was evidence 
of retrograde amnesia in certain subject 
areas. For example, the patient stated that 
John F. Kennedy was the current Presi- 
dent of the United States. The patient had 
no memory of the assassination of Kenne- 
dy. He was oriented to month, year, and 


place. Horizontal nystagmus on lateral 
gaze was present, but no other abnormali- 
ties were seen in the cranial nerve exami- 
nation. The patient walked with a limp 
because of the fused left hip, and he was 
unsteady when he turned rapidly. He 
showed normal strength and normal sym- 
metric reflexes except for the ankle jerks, 
which were slightly depressed bilaterally. 
Responses to plantar stimulation were 
flexor. The patient had symmetric distal 
sensory loss in a stocking distribution from 
response to pin, touch, and vibration. Slight 
ataxia of the trunk and lower extremities 
was noted. 

Laboratory Findings.- The ECG showed 
normal sinus rhythm and minor ST 
changes. A chest roentgenogram showed 
signs of chronie obstructive pulmonary 
disease and bullous emphysema of the 
upper lung fields. No abnormalities were 
found in radiological studies of the skull. 

Hemoglobin level was 8.8 g/dl; hemato- 
crit, 26.5 mg/dl, with a mean corpuscular 
volume of 104/cu u. The platelet count was 
180,000/cu mm and the reticulocyte count 
was 2.2%. The WBC count was 4,600/cu 
mm, with a normal differential cell count. 
Urinalysis was normal. Serum electrolytes 
had the following values: sodium, 145 mEq/ 
liter; potassium, 4.1 mEq/liter; chloride, 
111 mEg/liter; HCO,, 28 mEq/liter. The 
serum calcium value was 7.8 mg/dl; phos- 
phorus, 3.4 mg/dl; and magnesium, 1.5 mg/ 
dl. Creatinine level in the serum was 1.0 
mg/dl; BUN, 8.0 mg/dl; and cholesterol, 66 
mg/dl. The initial protein concentration 
was 5.0 g/dl, with a serum albumin value of 
2.0 g/dl. Oxygen tension of the blood was 
97.6 mm Hg, while CO, tension was 40 mm 
Hg. Total bilirubin value was 0.6 mg/dl 
(normal <1.5 mg/dl); serum alkaline phos- 
phatase, 110 mU/ml (normal 25 to 95 mU/ 
ml); SGOT, 156 IU/liter (normal <25 IU/ 
liter); serum iron, 101 ug/dl (normal 70 to 
185 ug/dl); and the iron-binding capacity 
was 121 ug/dl (normal 253 to 415 pg/dl). 
Concentration of vitamin B,, in the serum 
was 1,600 pg/ml. Prothrombin time was 14 
seconds, with a control time of 12.5 
seconds. 

Hospital  Course.-The patient was 
treated with parenteral injections of 
thiamine hydrochloride, 100 mg, and mag- 
nesium sulfate daily; other vitamins were 
given by mouth. A high-protein diet was 
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instituted. Within 48 hours the nystagmus 
resolved, but the patient became tremulous 
and his confusion increased. It was felt 
that these latter changes represented alco- 
hol withdrawal, and diazepam, 10 to 20 mg 
every six hours, was given with some bene- 
fit. Cultures of blood, CSF, and peritoneal 
fluid were sterile. Some CSF obtained by 
lumbar puncture was under normal pres- 
sure and appeared clear and colorless. No 
cells were present in the CSF, and glucose 
concentration was 70 mg/dl (serum glucose 
value was 140 mg/dl). The CSF protein 
value was 42 mg/dl. Assays of triiodothy- 
ronine (T3) resin uptake and thyroxine 
concentration done at this time yielded 
values of 56.6% (normal 25% to 35%) and 3.7 
ug/dl (normal 5 to 14 ug/dl), respectively. 
Thyrotropin stimulating hormone (TSH) 
i value was 6 „U/ml (normal <10 „U/ml); 
follicle stimulating hormone (FSH), 9 mIU 
(normal 1 to 12 mIU); luteinizing hormone 
(LH), 8 mIU/ml (normal 1 to 15 mIU/ml); 
and human growth hormone (HGH), 3.1 
ng/ml (normal 0 to 2.5 ng/ml). The T3 
level, estimated from radioactive iodine 
uptake, was depressed (47 mg/ml; normal 
75 to 235 mg/ml), presumably because of 
the patient’s malnutrition. At this time, 
constant temperature monitoring by rectal 
probe was begun. There was no proteinu- 
ria, according to tests on a 24-hour urine 
collection. No abnormalities were seen in a 
brain scan. An isotopic liver scan showed 
shunting of nucleotide to spleen and bone 
marrow; this was felt to be consistent with 
cirrhosis. The patient’s confusional state 
gradually cleared over ten days until, at the 
time of discharge, he was fully oriented, 
although recent memory was still dis- 
turbed. 
Second Admission 

The patient was admitted for reevalua- 
tion on Feb 3, 1977, which was 78 days after 
discharge from the first hospitalization. He 
had felt well since that time and claimed to 
have taken thiamine hydrochloride (50 mg) 
and a multivitamin tablet daily. He had 
continued to drink one to two cans of beer 
daily and occasionally drank a small 
amount of whiskey. At that time he had 
eaten well, but had again gone for several 
days at a time without noteworthy food 
intake. 

Physical Examination.—The patient was 
alert and fully oriented. His blood pressure 
was 130/80 mm Hg with no orthostatic fall, 
and his pulse was 80 beats per minute and 
regular. Respiratory rate was 14/min, and 
rectal temperature was low (36.4 °C). No 
ascitic fluid was detected, and there was 
only minimal peripheral edema. In the 
neurologic examination, the patient was 
able to repeat six digits forward and four 
backward. His recent memory was obvious- 
ly impaired in that aspects of stories and 
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Fig 1.—Changes in rectal temperature produced by peripheral cooling and heating 
before (Nov 23) and after (Feb 4) treatment with thiamine. 
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Fig 2.—Febrile responses to intravenous injections of lipopolysaccharides before (Nov 


24) and after (Feb 7) thiamine treatment. 


abstract items were forgotten within 
minutes or hours and there was incomplete 
amnesia for remote events. There was no 
nystagmus, and cranial nerve function was 
normal. Motor, sensory, and cerebellar 
findings were unchanged from those seen 
at first admission (ie, a mild symmetric 
distal sensory loss in a stocking distribu- 
tion and a mild ataxia of the trunk and 
lower extremities). 

The patient was feeling well during a 
visit to the neurology clinic one month 


after his second admission. His rectal 
temperature at that time was still low (36.5 
°C), but there were no signs of acute 
distress (Fig 1). | 
Rectal temperatures recorded in the 
hospital chart during the first two days of 
the first admission varied between 35.7 
and 36.7 °C. However, rectal temperature 
taken with a precision electrothermeter 
was 34.4 °C immediately after a tempera- 
ture of 36.6 °C was recorded by a nurse 
using a common bulb thermometer. The 
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Fig 3.—Changes in rectal temperature during 24 hours before (A) and after (B) thiamine 


therapy. 


difference was traced to a failure to shake 
the indieator fluid in the bulb thermometer 
to low levels before use. During the period 
immediately following the first admission, 
rectal temperature was labile and varied 
between a low of 33.3 °C and a high of 37.8 
°C (the latter recorded when the patient 
was using a heating pad). The general 
procedure was to maintain body tempera- 
ture above 34.4 °C with peripheral heating. 
Despite his low body temperature, this 
man reported no subjective feelings of 
thermal discomfort. After treatment with 
thiamine, body temperature was still low 
(36.0 to 36.5 °C), but was more stable. Gross 
sensitivity to thermal stimuli (0, 10, 20, 30, 
and 40 ?C) applied to the skin of the 
forearm and the inner thigh was intact 
both before and after thiamine treat- 
ment. 

Since the initial findings in this case 
suggested a gross thermoregulatory disor- 
der that could lead to potentially dangerous 
deviations in body temperature, the ther- 
moregulatory capacity of the patient was 
tested in a more quantitative manner. 
After the procedures and safeguards (body 
temperature was monitored continuously 
and not allowed to rise or fall to dangerous 
levels, vitals signs were taken periodically, 
the tests would be stopped any time there 
was discomfort) had been explained to the 
patient, and his informed consent was 
given, he was heated and cooled between 
two thermal blankets perfused with pro- 
pylene glycol. 

During cooling, the temperature of the 
perfusate was controled at 6 to 9 ?C. 
During the 4.3 hours of cooling, rectal 
temperature decreased from 35.7 to 32.2 
°C, falling to 31.8 °C after cooling was 
stopped and heating begun (Fig 1). The 
patient showed no sign of shivering during 
this period, and there was no evidence of 
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vasoconstriction as measured by the tem- 
perature of the skin on the forehead and 
ear pinna, which varied over the range of 
31.5 to 33.0 °C. He continued to report that 
he was "not too hot and not too cold" or 
that he was "comfortable" when ques- 
tioned every ten minutes throughout the 
cooling period. Although his speech was 
slowed during the latter part of the cooling 
period, he spoke lucidly of problems with 
his automobile and life in Dallas during the 
1930s, and he was able to identify street 
intersections and converse with his sister 
about family matters. As rectal tempera- 
ture rose during peripheral heating, his 
attention span increased, he became more 
verbal, and took a more positive view of his 
personal circumstance and his relatives. 
With continued heating, the rectal temper- 
ature rose to 38.7 °C without provoking 
sweating or causing discomfort. Thermal 
stimulation was stopped at this point. 
Because of thermolability in this man, 
the question arose as to his capacity to have 
a fever. After the pyrogen test was 
described and it was explained that the 
test could be rapidly stopped at any time 
by intravenous administration of antipy- 
retic, the patient gave his consent to 
receive an injection of pyrogen. Intrave- 
nous injection of 0.5 pg Salmonella 
typhosa lipopolysaccharide dissolved in 
pyrogen-free saline caused a 1.4 °C fever 
(temperature went from 36.4 to 37.8 °C), 
which reached a peak two hours after 
injection (Fig 2). The response was unusual 
in that rectal temperature decreased to 
near baseline (36.6 °C) four to five hours 
after injection and rose to a second peak 
(37.7 °C) some eight hours after the lipopo- 
lysaccharide was given. During the chill or 
rising phase of fever, the patient showed 
vasoconstriction although he still reported 
that he did not feel cold. He repeatedly 


claimed that he did not feel ill, and he ate a 
full meal four hours after injection, when 
rectal temperature was near baseline 
level. 

With disappearance of nystagmus and 
improvement in general physical condition, 
the patient was released with specific 
instructions to take 50 mg thiamine daily 
and to avoid ambient temperature ex- 
tremes, since exposure to them did not 
initiate feelings of discomfort and thus 
could lead to dangerous changes in deep 
body temperature. 

Results of tests carried out after more 
than two months of thiamine treatment 
showed a noteworthy improvement in 
capacity for thermoregulation. In the 
second test (Fig 1, Feb 4), cooling produced 
a slight rise in rectal temperature, and the 
patient complained of the cold after only 
ten minutes. After 20 minutes of cooling, 
when his rectal temperature was 36.4 °C, 
the patient said, “I can’t stand it,” but 
stayed between the pads for 15 minutes 
more, at which point the cooling was stop- 
ped to avoid further discomfort. Rectal 
temperature fell slightly when the patient 
stood up from the bed. The patient initially 
stated that warming was very comfortable 
to him, which was a normal response. As 
rectal temperature rose to 37.5 °C, he 
began to feel slightly uncomfortable and 
sweat began to appear on his face. The 
sweating and discomfort increased pro- 
gressively until finally, when the patient 
stated that the discomfort was rapidly 
accelerating, and his face and body were 
dripping sweat, the test was discontinued 
2.7 hours after heating was begun and 
when rectal temperature had reached 38.0 
a 

Although the patient had neither com- 
plained nor shivered during the previous 
fever test, in the second test he began to 
shiver and complain of feeling cold within 
45 minutes. Shivering became intense and 
did not stop until rectal temperature reach- 
ed 38.9 °C. During defervescence, the 
patient was generally active and alert and 
ate heartily when rectal temperature was 
38.4 °C. 

Body temperature changes over 24-hour 
periods during the first admission did not 
follow the normal circadian cycle (Fig 3A). 
The most notable abnormality in the 
records was a tendency for rectal tempera- 
ture to rise during sleep. Although temper- 
ature records made after thiamine therapy 
(Fig 3B) did not fit the circadian cycle 
found in a previous study of a normal man,’ 
the previous rise in temperature during 
sleep was replaced by the more usual 
decrease. 


COMMENT 
In this patient, both thermolability 
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and severe Wernicke’s disease coex- 
isted. The evidence for Wernicke’s 
encephalopathy lies in the history of 
chronic, severe alcoholism and the 
abrupt development of neurological 
deficits, including confusion, amnesia 
for recent events, nystagmus, distal 
sensory neuropathy, and ataxia, which 
are also compatible with this diagno- 
sis. Although neither a lateral rectus 
paresis nor a gaze paresis were pres- 
ent, and serum transketolase activity 
was not measured, Wernicke’s disease 
remains, in our view, the most proba- 
ble diagnosis. The improvement in 
neurological deficits after parenteral 
administration of thiamine also sup- 
ports this diagnosis. At the time of his 
first admission, this patient had, to 
our knowledge, the most marked ther- 
molability of any ambulatory man 
with a neurological disorder so far 
reported in the literature. Hypother- 
mia in Wernicke’s encephalopathy has 
been observed earlier,- and the cases 
reported more recently** suggest that 
the deficit may be more prevalent 
than has been generally assumed. 
Victor et al noted only two cases of 
hypothermia in 245 patients studied 
for Wernicke's disease. 

The results of thermal stimulation 
tests in this patient indicate that the 
hypothermia in Wernicke's disease 
can be a sign of a more general ther- 
molability, in which both physiological 
and behavioral regulation against cold 
and heat are impaired. Since the 
ambient temperature of most modern 
air-conditioned buildings is lower 
than body temperature, patients with 
deficits in adjustment to both cold and 
heat are more likely to present with 
low body temperature. Thermolability 
and lack of subjective discomfort in 
response to thermal change similar to 
that found in the present case were 
described earlier in a patient with 
sarcoidosis in which the brainstem 
was heavily damaged.' In both the 
sarcoid patient and this patient, 
febrile response was present, although 
in the patient with Wernicke’s dis- 
ease, it was established that the 
response was abnormal before thi- 
amine treatment. There was also 
disturbance of the normal circadian 
temperature cycle in both patients, 
with rises in body temperature during 
sleep being distinctive in the 24-hour 
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temperature records. This abnormali- 
ty, as well as the lack of subjective 
discomfort in response to temperature 
change, thermolability, and nystag- 
mus, resolved in our patient when 
thiamine was given. The low body 
temperature and the memory deficits 
were resistant to treatment with 
thiamine. 

Our study suggests that some 
patients with Wernicke's encephalop- 
athy may be in jeopardy in extreme 
ambient temperatures because (1) 
they do not experience normal ther- 
mal discomfort, and (2) their physio- 
logical thermoregulatory responses 
are depressed or absent. In this 
regard, they may be similar to aged 
patients with intermittent hypother- 
mia and those who experience acci- 
dental hypothermia during exposure 
to cold. It is well documented that such 
patients do not respond to lowering of 
body temperature with normal vaso- 
motor, shivering, and affective reac- 
tions." The failure of cold to produce 
appropriate thermoregulatory  re- 
sponse in aged patients has been at- 
tributed to a disturbance in the 
central temperature control mecha- 
nism, since no other disorder of 
central or peripheral nervous system 
or of autonomic nervous function 
could be shown.’ A lack of discomfort 
to thermal stress persisted in our 
patient, even though central pathways 
required for judging peripheral ther- 
mal stimuli were intact. This intact 
sensory system suggests that the 
central integrating control in the 
preoptic-anterior hypothalamic region 
was depressed. 

The study also suggests a problem 
that might occur in patients with 
Wernicke’s encephalopathy. A re- 
duced or absent febrile response to 
concomitant infectious disease or a 
fever rising from a low baseline could 
be deceptive. Since many such pa- 
tients suffer from secondary infec- 
tions, knowledge of this potential 
deficit could be valuable in clinical 
management. 

It is suggested that thiamine defi- 
ciency in this malnourished patient 
with Wernicke’s encephalopathy was 
responsible for the defects in thermo- 
regulatory functions. The precise na- 
ture of the central biochemical distur- 
bance responsible for the overt symp- 


toms of Wernicke’s disease has not 
been established. Dreyfus and Haus- 
er’ have postulated that the athiami- 
notic state results in a reduced activi- 
ty of two thiamine-dependent apoen- 
zymes, pyruvate decarboxylase and 
transketolase. These authors sug- 
gested that a failure in the transketo- 
lase system is reponsible for initiating 
the clinical and pathological changes, 
while the abnormalities of pyruvate 
metabolism play a secondary role. 

According to the neuropathologic 
studies of Victor et al; it may be that 
the lesion in our patient both biochem- 
ically and histologically involved tis- 
sue in the walls and floor of the third 
ventricle and the floor of the fourth 
ventricle, where thermosensitive neu- 
rons and integrating pathways impor- 
tant to temperature control are 
found.''? 


This study was supported by grant NS-10046 
from the National Institute of Neurological and 
Communications Disorders and Stroke and by 
funds from the Leland Fikes Foundation. 
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Treatment for Patients 
With Cerebral Metastases 


William R. Markesbery, MD; William H. Brooks, MD; 
Ghanshyam D. Gupta, PhD; A. Byron Young, MD 


e To establish the effectiveness of 
treatment of patients with intracranial 
metastatic neoplasms, a retrospective 
study of survival of patients who had 
surgical excision, irradiation, or chemo- 
therapy was compared with survival of 
patients who received no treatment. 

Our results indicate that although any 
form of therapy was superior to no treat- 
ment, no modality was clearly better than 
another. Furthermore, the prognosis for 
survival of patients with solitary lesions 
from a known primary was only slightly 
better than that of patients with numerous 
metastases. The prognosis was slightly 
improved when the cerebral lesion was 
detected before finding the primary site of 
origin. These observations should be 
considered when planning treatment for 
patients with brain metastases. 

(Arch Neurol 35:754-756, 1978) 


he management of patients with 

cerebral metastases is difficult 
because of the dismal prognosis asso- 
ciated with disseminated cancer.' The 
therapeutic goal is to afford the 
patient the longest possible survival 
with minimal side effects and short 
hospitalization. 

Presently, surgery, irradiation, or 
chemotherapy used alone or in combi- 
nation?’ are the three methods of 
treatment of potential benefit to 
those with metastatic brain tumors. 
Each form of treatment has its 
proponents, based on the physician's 
specialty viewpoint. A comparison of 
the effect of each modality on the 
ultimate outcome of the disease from 
a single referral center is currently 


not available. We undertook a retro- 
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spective study to evaluate the efficacy 
of each form of therapy in patients 
with confirmed brain metastases to 
see which modality offers the longest 
survival. 


METHODS 


The hospital records of patients with 
histologically or radiographically proved 
brain metastases admitted to the Universi- 
ty of Kentucky Medical Center or Lexing- 
ton Veterans Administration (VA) Hospi- 
tals from 1962 through 1976 were reviewed 
to obtain the following information: (1) site 
of the primary lesion; (2) presence of single 
or multiple intracranial lesions as deter- 
mined by radionuclide imaging, cerebral 
angiography, or, more recently, computer- 
ized axial tomography; and (3) length of 
survival. The choice of treatment was 
determined by the responsible physician 
prior to and without reference to this study 
and consisted of (1) total excision of the 
symptomatic lesions; (2) irradiation with 
3,000 to 4,000 rads during a 2- to 3-week 
period; or (3) a chemotherapy regimen of 
dexamethasone (in variable doses) with 
doxorubicin hydrochloride, 25 mg/sq m 
intravenously for three days every 21 days, 
or mitolactol, 3.5 mg/sq m/day for 42 days 
in a series of one to six treatment courses. 
Patients receiving combinations of the 
three major forms of therapy were 
excluded from this study. Because of the 
large variability in overall survival rates, 
the median was used as a measure of 
average. Wilcoxon’s rank-sum test was 
used to test differences among the various 
groups of patients.* 


RESULTS 


Age and Sex.—A total of 187 patients 
were included in this study. The aver- 
age age of patients was 53.5 years 
(range, 17 to 93 years). Sixty-two 
percent were between 50 and 75 years 
old, and 3596 were between the ages of 
25 and 50 years. The inclusion of 
patients from the VA Hospital may 
account for the greater number of 
male patients (109, 58%) than female 
patients in the study. 


Growth of Lesions.—The sites of 
origin for the cerebral metastases are 
listed in Table 1. The majority (112, 
59.9%) were single lesions. Although 
most multiple lesions originated from 
the lung, there was no correlation 
between the site of tumor origin and 
the number of intracerebral deposits. 
In 58 patients (319), the brain 
neoplasm was detected before the 
primary tumor site. Many of these 
patients were subsequently found to 
have primary lung cancer. 

Diagnosis, Treatment, and Results.— 
The interval between the initial diag- 
nosis of the primary lesion to the 
onset of CNS symptoms ranged from 
one week to 20 years (mean, 49.8 
weeks). Once the symptoms of a brain 
tumor developed, an average of 17.8 
weeks (range, 0 to six months) passed 
before the diagnosis of metastatic 
brain tumor was confirmed. Review of 
the cases did not suggest an explana- 
tion for this finding. 

The overall survival of patients with 
several or single lesions is presented 
in Table 2. Patients who received 
some form of therapy outlived those 
who received no therapy by an aver- 
age of 7.5 weeks. Except for two long- 
term survivors (greater than 75 
weeks), treated patients with a single 
lesion lived only two weeks longer 
than those with several metastases. 
The relationship of the timing of the 
diagnosis and subsequent manage- 
ment is shown in Table 3. The length 
of survival following treatment of 
patients in whom the tumor was pres- 
ent within the cerebrum prior to 
detection of the source of origin was 
five weeks longer than that of 
patients with previously proved sys- 
temic cancer. 

The efficacy of a specific mode of 
therapy for metastatic brain tumors 
may be evaluated by comparing the 


Table 1.—Origin of 
Metastatic Brain Tumors 


Percent 
No. of Total 





Origin 


Lung 
Unknown 39 21 

















Melanoma 19 10 
Breast 19 10 
Colon d 5 


Miscellaneous 
Total 
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Table 2.—Effect of 
Treatment on Survival* 


Survival, wk 
a! 
Untreated Treated 
Single metastasis 
No. 26 85 
9.5 


Median 15.0 


Range 0-72 0-475 


Multiple metastases 
No. 31 44 
Median 5.0 13.0 


Range 0-50 1-147 
No. 57 129 

Median 7.5 15.0 
Range 0-72 0-475 


*Of patients with cerebral metastases. 


Table 3.—Timing of 
Diagnosis and Management 


Survival, wk 


No. Median Range 


Primary discovered before secondary 
Treated 86 15.0  0-147* 
Untreated 43 10.0 0-52 

Primary discovered after secondary 
Treated 42 20.0 1-4757 
Untreated 14 5.0 0-72 


*All patients except one survived less than 80 
wk. 

TExcept four patients who survived for from 
100 to 475 wk, all survived less than 84 wk. 


% 
SURVIVAL 


MONTHS 





Fig 1.—Duration of survival of untreated and treated patients with 
single metastatic brain tumors. Solid circles indicate surgery; 
solid triangles, radiation; open circles, steroids; solid squares, 


untreated. 
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timing of diagnosis and number of 
lesions with the length of survival of 
appropriately treated patients (Table 
4). Surgery and irradiation were 
slightly superior to chemotherapy in 
increasing the survival of patients 
with multiple cerebral metastases 
from a known primary, but no 
substantial differences in median sur- 
vival were found in patients with 
single or several lesions regardless of 
the form of treatment. Although the 
longest survivals were observed in 
those patients harboring a single 
intracranial metastatic lesion that 
was excised before the primary tumor 
was detected, all forms of therapy 
were equally effective in treating this 





Primary discovered before secondary 
Single metastasis 


Multiple metastases 


Primary discovered after secondary 
Single metastasis 


Multiple metastases 





*Only one patient survived longer than 78 wk. 
TOnly two patients survived longer than 75 wk. 
tOnly one patient survived longer than 65 wk. 


o 
SURVIVAL 


untreated. 


Table 4.—Timing of Diagnosis and Number of Lesions With Survival 


Median (Range) Survival, wk 
f M M M M —— —— 
Surgery 


16.0 (0-100) 
16.0 (1-79) 


21.0 (1-475)f 
19.5 (2-83) 





group of patients. If several brain 
metastases were diagnosed in these 
patients, no single method of treat- 
ment was superior to another in 
lengthening survivals. 

Sequential therapeutic benefits of 
surgery, irradiation, and chemothera- 
py in treating patients with single 
and multiple metastases are illus- 
trated in Fig 1 and 2, respectively. 
Whereas approximately one third of 
all patients lived six months regard- 
less of the specific form of therapy 
and number of lesions, only 12% of 
patients with untreated metastatic 
brain tumors survived longer than six 
months (Fig 1 and 2). Although a 
greater percentage of patients with 


















Radiation Chemotherapy 
15.0 (2-63) 15.0 (1-57) 
15.5 (1-145)* 13.0 (2-14) 
10.5 (1-211)1 20.0 (2-93) 






19.0 (8-72) 19.5 (4-70) 











MONTHS 


Fig 2.—Duration of survival of untreated and treated patients with 
several metastatic brain tumors. Solid circles indicate surgery; 
solid triangles, radiation; open circles, steroids; solid squares, 
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single metastases were alive at six 
months (Fig 1) compared with those 
with several cerebral tumors (Fig 2), 
there was no demonstrable difference 
after one year. Accordingly, 15% of 
treated patients, regardless of specific 
choice of therapy, survived longer 
than one year, but only 1% of the 
untreated group lived a comparable 
period of time. 


COMMENT 


Cerebral metastases are most com- 
monly treated by either surgery, radi- 
ation, or chemotherapy. More recent- 
ly, combination therapy has been 
advocated.’ The data obtained in this 
study may help guide the physician in 
his choice of therapy for patients with 
cerebral metastatic disease. The ob- 
servation that patients who were 
given some form of therapy survived 
longer than those not treated clearly 
indicates the benefits of treatment. 
The survival of the treated group was 
lengthened more if the cerebral tumor 
was diagnosed before the primary 
tumor became evident. 

Once the decision for therapy has 
been made, the available choices must 
be considered. In 1926, Grant? ex- 
pressed the opinion that surgery was 
of no benefit in the prolongation of 
life of patients with metastatic brain 
tumors. Since that time, however, 
surgical extirpation of cerebral metas- 
tases has gained many advocates.’ ®-" 
In our study, surgical intervention 
clearly benefited the group of patients 
whose primary tumor was found after 
the cerebral lesion, but no such superi- 
ority was evident in patients in whom 
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the primary lesions were found first. 
The age and preoperative general 
physical condition of the patient, loca- 
tion of the intracranial metastasis, 
and severity of neurologic signs are 
important factors in the decision 
regarding surgical therapy. In addi- 
tion, the reported operative mortality 
for cerebral metastases is considera- 
bly higher than that for most intra- 
cranial operations.'* °°" Finally, the 
period of hospitalization required for 
surgical therapy (one to two weeks) 
should also be considered before advis- 
ing this form of treatment. 

Those who advocate irradiation of 
cerebral metastases cite the virtue of 
negligible mortality and ease of 
outpatient treatments.*'?* A recent 
review showed that this method of 
therapy was effective in more than 
one half of patients.'® In the present 
study, irradiation was slightly inferior 
to surgical treatment in patients 
whose secondary tumor was discov- 
ered prior to the primary lesion. 
However, no difference between sur- 
gical and irradiation therapy was 
present in the group whose primary 
was detected first. Although the tech- 
nique of irradiation in our patients is 
not strictly comparable to newer tech- 
niques of large, single-dose irradia- 
tion or higher cumulative dosages," 
the results obtained from all of these 
techniques do not appreciably differ. 

Cerebral metastases are often asso- 
ciated with severe edema, which may 
increase neurologic symptoms and 
signs. It has been shown that cortico- 
steroids have a palliative effect on 
cerebral symptoms*^? and may have 
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tumoricidal activity.* In addition to 
corticosteroid therapy, 21 patients in 
this study received other chemothera- 
peutic agents. This form of therapy 
was clearly inferior to surgery or irra- 
diation in patients whose brain 
tumors were found before the primary 
tumors, but of similar effectiveness 
when the primary was diagnosed 
first. 

The present study indicates that 
surgical excision may be beneficial 
when a patient has signs and symp- 
toms of an intracerebral neoplasm 
that subsequently is found to be 
metastatic. Not only is a tissue diag- 
nosis established, but the longest 
possible survival is offered to the 
patient. When several metastatic de- 
posits are found prior to discovery of 
the primary site of origin, the progno- 
sis is worse and no single form of 
treatment is superior to another. 

Finally, perhaps the single most 
important observation to evolve from 
this study is that any form of therapy 
for metastatic brain tumors from a 
known primary is superior to no treat- 
ment in regard to survival. However, 
there is no superiority shown for any 
particular form of treatment. These 
observations must be considered when 
planning treatment for patients with 
metastatic brain tumors to obtain the 
lowest mortality and morbidity with 
the longest possible high-quality sur- 
vival. 
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Traumatic and Postoperative Lesions 


of the Lumbosacral Plexus 


Manfred Stoehr, MD 


è in 53 cases of injury of the lumbosa- 
cral plexus, 31 were due to trauma and 22 
followed operations on the hip joint. Post- 
traumatic lesions occur mostly in con- 
junction with severe bony injuries, espe- 
cially fractures of the acetabulum and of 
the pelvic ring. Nearly always, it is the 
sacral portion of the plexus that is 
involved, either predominantly or exclu- 
sively. Seventeen of the 22 postoperative 
pareses followed complete hip-joint re- 
placement. In the postoperative lesions 
the lumbar plexus portion is most 
frequently involved. Ninety-one percent of 
all of our cases were misdiagnosed in 
previous clinical examinations, that is, as 
a lesion of the femoral or sciatic nerve, or 
they were unrecognized because of lack 
of awareness of the possibility of plexus 
damage or because the signs were 
obscured by the associated bony injuries 
or hip-joint disease. In order to make an 
exact diagnosis, a detailed electromyo- 
graphic investigation is necessary. 

(Arch Neurol 35:757-760, 1978) 


(cm Fe and postoperative 
injuries of the lumbosacral plexus 
are considered to be rare. In a period 
of ten years Patterson and Morton' 
observed only six clear-cut examples. 
Seddon? presented three cases of 
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incomplete paralysis of the lumbosa- 
cral plexus after gunshot injury. 
Vanni and Nuti’ mention the occur- 
rence of injuries of the lumbosacral 
nerve roots in association with frac- 
tures of the pelvis. Even in the exten- 
sive literature on peripheral neuropa- 
thy, the occurrence of injuries of the 
lumbosacral plexus after operation or 
trauma is only referred to briefly, 
whereas sciatic and femoral nerve 
lesions are referred to more frequent- 
ly.** Our experience® has shown that 
complete or, more frequently, incom- 
plete paresis of the lumbosacral plexus 
is much more frequent than is 
commonly believed. There are two 
reasons why such lesions are often not 
diagnosed: (1) In a routine neurologi- 
cal examination, testing of function of 
the adductors and the gluteal muscles 
is often neglected. The result is that 
many injuries of the lumbar plexus 
are misdiagnosed as paralysis of the 
femoral nerve and many sacral plexus 
pareses as injuries of the sciatic or of 
the common peroneal nerve. (2) In 
many patients it is not possible to 
carry out a discriminating neurologi- 
cal examination because of fracture of 
the pelvis, or because the patients are 
in pain after operation. In such cases, 
a correct diagnosis can only be made 
by electromyographic examination. 
By conducting a careful clinical and 
electromyographic investigation in all 


patients who had undergone an opera- 
tion on the hip joint, or have had 
trauma to the pelvis, a paresis of the 
lumbar, sacral, or lumbosacral plexus 
can quite frequently be detected. 


PATIENTS AND METHODS 


We observed 31 patients with posttrau- 
matic involvement of the lumbosacral 
plexus over a period of 3% years (Table). 
Our study included 6 women and 25 men, 
with ages ranging from 1 to 80 years, the 
average age being 38.1 years. The patients 
had had one or more of the following 
injuries: (1) pelvie fractures, including 
fractures of the sacrum (15 cases)—in 5 of 
these cases the pelvic fracture was accom- 
panied by separation of the symphysis and 
in another 5 by separation of the iliosacral 
gap; most of the pelvic fractures involved 
the anterior and/or posterior pelvic ring; 
(2) fracture of the acetabulum (13 cases)— 
in 7 patients a fracture of the hip joint 
occurred in conjunction with a fracture of 
the pelvis or of the femur; and, (3) fracture 
of the femur (10 cases). 

One of the patients with a posttraumatic 
lesion of the lumbosacral plexus had not 
sustained any bone damage after a fall 
from a great height; he had only a rupture 
of an iliac vein. In 3 cases, rupture of the 
urinary bladder occurred in addition to the 
bony injuries. This corresponds to the aver- 
age incidence of genitourinary complica- 
tions found in cases of pelvic injuries. One 
of the patients had a rupture of the ureter 
and another an intestinal perforation. The 
most frequent accidents were a fall from a 
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Summary of Data 


Posttraumatic 


No. of cases 
Lumbar plexus 
Sacral plexus 
Lumbosacral plexus 

Mean age, yr 

Bony injuries or 
operations Fractures of 
acetabulum 


Fractures of femur 


Soft tissue injuries 


Genitourinary 


complications 


Fractures of pelvis 


Lumbosacral Plexus Injuries 


Postoperative 


15 Total hip replacement 
Fracture of hip joint 
, 19 Arthrodesis 
10 Fracture of neck 
of femur 


Intestinal perforation 


Vascular injury 


great height, a compression of the pelvis, 
and traffic accidents. In the case of traffic 
accidents, it was seldom possible to ascer- 
tain the exact mechanism of the injury. 

We saw postoperative lesions of the 
lumbosacral plexus in 16 women and 6 men 
aged between 16 and 73 years, the average 
age being 56.6 years (Table). In 17 cases 
paresis occurred with a complete hip-joint 
replacement, in 3 cases during the opera- 
tive treatment of a fracture of the acetab- 
ulum, and in 1 case each during the opera- 
tive treatment of a fracture of the neck of 
the femur and an arthrodesis. 

Fifty-seven percent of the patients came 
for examination during the first four 
months after trauma or operation. Despite 
the fact that nearly all of the patients had 
undergone a neurological examination at 
an earlier date, the correct diagnosis had 
been made in only five cases. All of the 
other cases had been misdiagnosed as 
lesions of the femoral, sciatic, or common 
peroneal nerve, and in some cases as 
muscle atrophy due to disuse. 

In the clinical investigation the motor, 
sensory, and sudomotor functions of the 
lower extremities were examined. In the 
ease of sensory disorder of the foot, we 
examined the sudomotor function om the 
sole and dorsum of the foot with the ninhy- 
drin test. Anhidrosis or a hypohydrosis on 
the side of involvement was considered to 
indieate a neural injury that was located 
distal to the lumbosacral nerve roots. 

The electromyographic examination was 
carried out in the following muscles: the 
flexors of the hip, the gluteus maximus and 
medius, the quadriceps muscle, the adduc- 
tor longus, the long head of biceps, the tibi- 
alis anterior, the peroneus longus, and the 
gastrocnemius. We also examined the 
multifidus muscle at the level of the fourth 
and fifth lumbar segments. The following 
results were considered to be an indication 
of a neurogenic disorder: fibrillation poten- 
tials and positive sharp waves with a 
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rhythmic discharge pattern"; a significant 
increase in the number of polyphasic motor 
unit potentials (> 20%) and a prolongation 
of the average duration. In order to differ- 
entiate between neurapraxia and axonot- 
mesis or neurotmesis we recorded the 
evoked motor unit potential of the most 
paralyzed muscles using surface electrodes 
for recording and for nerve stimulation. 
We compared the findings with those of 
the contralateral side. 


RESULTS 
Traumatic Lesions of the 
Lumbosacral Plexus 


Thirteen of the 31 patients observed 
had an isolated injury of the sacral 
plexus that was complete in 4. No case 
of an isolated injury of the lumbar 
plexus was observed, that is, the 
remaining 18 patients had incomplete 
paresis of the sacral and lumbar 
portions of the plexus. In the 27 cases 
of incomplete paresis of the sacral or 
lumbosacral plexus the following 
nerves were predominantly affected: 
in 78% of the patients the common 
peroneal nerve, in 11% the gluteal 
nerves, in 7.5% the tibial nerve, and in 
3.5% the obturator nerve. The most 
frequently observed distribution of 
involvement was the following: com- 
plete paresis of the common peroneal 
nerve, severe paresis of the gluteal 
nerves, and less severe paresis of the 
tibial and femoral nerve (Fig 1). The 
sensory disorders were slight in one 
third of the cases and severe in the 
others, affecting especially the skin 
area of the posterior femoral cuta- 
neous nerve and of the sciatic nerve. 
In the case of severe sensory distur- 
bances of the foot a hypohidrosis or 
anhidrosis was found without excep- 





T 


Fig 1.—A 28-year-old man with posttrau- 
matic paresis of lumbosacral plexus. Mod- 
erate neurogenic atrophy of all muscles of 
left leg. 


tion by the ninhydrin test (Fig 2). 

The electromyographic findings 
varied according to the degree of 
severity of the lesion (Fig 3). The 
intensity of the denervation poten- 
tials and the amplitude of the evoked 
motor unit potentials proved to be 
especially important for prognosis: 
numerous fibrillation potentials and 
positive sharp waves and a highly 
reduced or absent evoked motor unit 
potential point to an axonotmesis with 
delayed and incomplete regeneration 
to be expected. If no denervation 
potentials were recorded, or if they 
appeared only sparsely, and normal or 
only slightly reduced evoked motor 
unit potentials in the paretic muscles 
were found, we concluded that we 
were dealing predominantly with neu- 
rapraxia. In such cases the patients 
can be expected to make a rapid recov- 
ery, even if the paresis is severe or 
complete. 


Postoperative Lesions of the 
Lumbosacral Plexus 


In 7 of the 22 patients examined we 
found an isolated lesion of the lumbar 
plexus. The flexors of the hip and the 
quadriceps muscle showed more dis- 
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Fig 2.—Ninhydrin test 
side. 





Fig 3.—Synopsis of important electromyographic results. A, Fibrillation poten- 
tials and positive sharp waves as indication of denervation. B, “Low-frequency 
bizarre discharges""* in late phase of some of the partially or completely 
denervated muscles. C, Reinnervation potentials with intermittent blocking of 
last spike component of motor unit potential.^ D, Evoked muscle action 
potential in vastus medialis muscle: reduction on injured side a sign of 


incomplete denervation. 


tinet paresis than the adductors. An 
isolated paresis of the sacral plexus 
was found in four cases, in two of 
these eases after operative treatment 
of a fracture of the acetabulum. The 
remaining 11 patients showed an inju- 
ry of the lumbar and sacral portion; in 
these patients paralysis of the muscle 
innervated by the femoral nerve was 
predominant. Sensory disorder was 
relatively insignificant in most pa- 
tients, a severe hypesthesia occurred 
in only seven, in four cases in the 
distribution of the femoral and saphe- 
nous nerves and in three cases in that 
of the sciatic nerve (in conjunction 
with a hypohidrosis of the dorsum and 
the sole of the foot). 


COMMENT 


Lumbosacral plexus lesions after 
trauma or operations at the hip-joint 
are not rare; they are, however, 
seldom diagnosed, partly due to unfa- 
vorable conditions for clinical investi- 
gation. In order to make an exact 
diagnosis, an electromyographic ex- 
amination is necessary in all suspect 
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cases, including examination of the 
gluteal muscles, of the adductors, and 
the flexors of the hip. This permits us 
to differentiate exactly in most cases 
between a lesion of the lumbosacral 
plexus and an injury of a single nerve 
as, for instance, the femoral, the sciat- 
ic, and the obturator nerve. Further- 
more, this examination indicates 
whether there is a neurapraxia, an 
axonotmesis, or both, making it possi- 
ble to make an accurate prognosis at 
an early date. In most cases it is not 
possible to decide definitely on the 
basis of the clinical examination 
whether the lesion is located in the 
lumbosacral plexus or in the lumbosa- 
cral nerve roots.'*'^ The fact that we 
found a frequent discrepancy between 
motor and sensory deficits, neither of 
which showed a typical radicular 
distribution type, argues against a 
lesion of the lumbosacral nerve roots. 
By establishing that anhidrosis or 
hypohidrosis occurred in nearly all of 
our patients with severe sensory 
nerve disturbances (Fig 2), localiza- 
tion of the disturbance distal to the 








4o msec 


10 mV 


20m sec 


nerve roots can be considered a 
certainty, because lumbosacral nerve 
root disorders do not cause distur- 
bances of the sudomotor function.'* 
The fact that reduced evoked nerve 
action potential was recorded in the 
saphenous nerve in the case of three 
patients with a paresis of the lumbar 
plexus proves that the injury is distal 
to the spinal ganglion. In four cases, 
however, we recorded fibrillation po- 
tentials and positive sharp waves in 
the multifidus muscle that would indi- 
cate nerve root injury. In these cases 
we assume that injury is extensive, 
involving both the lumbosacral plexus 
and the lumbosacral nerve roots. 
From the pathogenetic point of 
view, posttraumatic paresis of the 
lumbosacral plexus may occur by 
crushing caused by neighboring frac- 
tures with dislocation of the bony 
fragments.' If separation of the iliosa- 
cral gap occurs, it is particularly the 
lumbosacral tract that passes beside 
this gap that is endangered.’ Further- 
more, a lesion of the lumbosacral 
plexus ean probably be caused by a 
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retroperitoneal hemorrhage, as our 
experience with some hemophiliacs 
has shown. Similar observations has 
also been made in patients receiving 
anticoagulant therapy.'’ This mecha- 
nism of neural injury must be taken 
into consideration especially in severe 
compression injuries of the pelvis. In 
most traumatic cases damage is prob- 
ably caused by traction. The spatial 
extension of the injured plexus speaks 
in favor of this hypothesis. In 58% of 
the traumatic cases examined by us 
the injury involved the lumbar and the 
sacral plexus, and in four cases lumbo- 
sacral nerve roots as well. Further- 
more in cases of hip-joint fractures 
and fractures of the femur, lesions of 
the lumbosacral plexus cannot be 
explained by a direct mechanical inju- 
ry. It is rather the result of hyperex- 
tention, hyperflexion, or massive rota- 
tion in the hip-joint. 
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Postoperative lumbosacral plexus 
lesions after total hip replacement are 
caused by traction.’ The possibility of 
an injury at the site of the operation 
can be excluded. The usually severe 
paresis of the flexors of the hip proves 
a more proximal localization of the 
lesion. 

The treatment of the paralysis of 
the lumbosacral plexus of whatever 


cause was conservative. Most patients 


were given physical therapy, some- 
times with electrotherapy of com- 
pletely denervated muscles in addi- 
tion. The most important aspect of 
management. is prevention of joint 
stiffness and muscle atrophy. If there 
were no signs of improvement six 
weeks after trauma or operation, we 
did not consider this as an indication 
for an operative repair, as is recom- 
mended by Bateman" in the case of 
posttraumatic lesions of the nerves of 
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Informed Consent in Medical Practice 


With Particular Reference to Neurology 


Maj Alan I. Faden, MC, USA, Ruth R. Faden, PhD, MPH 


è Informed consent is a significant ethi- 
cal as well as medicolegal issue. Both 
aspects are summarized in this article, 
which focuses on the major unresolved 
problems raised by legal and moral 
analyses of informed consent. The dis- 
cussion stresses the effects of the 
doctrine of informed consent on medical 
practice, with particular reference to prob- 
lems encountered in the neurological 
health field. 

(Arch Neurol 35:761-764, 1978) 


Dem. physicians are becom- 
ing concerned about informed 
consent both as a potential legal ques- 
tion and as a factor affecting patient 
care. The purpose of this article is to 
summarize the more important legal, 
ethical, and practical issues in in- 
formed consent as related to medical 
practice. Specific problems in obtain- 
ing informed consent in the neurolog- 
ical population are examined in light 
of these legal and moral issues. 
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LEGAL ISSUES 

Consent as a significant medicole- 
gal issue probably began with the case 
of Schloendorff vs New York Hospital 
in 1914. Cardozo, in upholding the 
patient's petition, stated: 
Every human being of adult years and 
sound mind has a right to determine what 
shall be done with his own body; and a 
surgeon who performs an operation with- 
out his patient's consent, commits an 
assault, for which he is liable in dam- 
ages.” 
Subsequent court decisions enlarged 
and refined the concept of informed 
consent, and by 1960, the outlines of 
the current doctrine had been estab- 
lished: 
Anglo-American law starts with the prem- 
ise of thorough going self-determination. 
It follows that each man is considered to be 
master of his own body, and he may, if he 
be of sound mind, expressly prohibit the 
performance of life-saving surgery, or 
other medical treatment.* 
Three more recent major decisions 
have reinforced and extended this 
conception of informed consent.*° 

Yet despite some agreement, a 
consistent judicial doctrine of in- 
formed consent has failed to develop. 
Three major areas of controversy may 
be cited: (1) which standards are 
applied to determine whether ade- 
quate information has been disclosed®; 
(2) which criteria are used to judge 
whether there is proximate cause, ie, 
whether there is a reasonable connec- 


tion between the failure to disclose 
and the sustaining of an injury; and 
(3) which situations obviate a physi- 
cian’s need to obtain consent. 

Until recently, the dominant rule 
for determining the adequacy of 
information disclosed by a physician 
has been the “medical practice stan- 
dard,” which requires that the physi- 
cian simply meet those standards of 
information disclosure established by 
his profession. In other words, the 
physician is obligated only to meet 
those standards actually practiced by 
other physicians in his community. 
Such a standard, however, fails to take 
note of the patient’s right to be 
informed’ and thus this standard has 
been rejected by some courts in the 
last few years in favor of the “reason- 
able person standard," which requires 
disclosure of that information that 
would be considered material to the 
consent decision by a reasonable lay 
person. One important difference 
between these two rules is that the 
medical practice standard requires 
expert testimony, while the reason- 
able person standard does not.’ A new 
development in informed consent has 
been its incorporation into state 
statutes governing malpractice’; 
whereas the dominant trend in case 
law since 1972 has been the adoption 
of the reasonable person standard, 
some recent state statutes have 
accepted the medical practice stan- 
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dard. Which rule of disclosure will 
dominate in the future remains to be 
seen. 

Informed consent has been further 
complicated by the question of causa- 
tion. In general, for a patient to win a 
decision he must demonstrate proxi- 
mate cause," which requires that two 
conditions be met. First, an undis- 
closed risk that should have been 
made known to the patient must 
materialize. Second, a causal relation- 
ship between the physician’s omission 
and the patient’s injury must be 
established. Such a causal relationship 
is generally said to exist if disclosure 
of unrevealed facts would have 
resulted in the patient’s refusing the 
proposed treatment.” The controversy 
concerning causation focuses on the 
criteria for determining causal rela- 
tionship in the specific case. Must the 
plaintiff demonstrate that a reason- 
able person would have withheld 
consent based on the undisclosed risk 
(objective standard) or solely that he 
would have rejected the procedure 
(subjective standard)? Since 1972, 
most courts have preferred the objec- 
tive standard. 

Further difficulties relate to those 
special cases in which a physician need 
not obtain consent. These include (1) 
public health emergencies (eg, quar- 
antine), (2) true medical emergencies, 
(3) the incompetent patient, (4) thera- 
peutic privilege, and (5) patient waiv- 
er. Therapeutic privilege and patient 
waiver, however, pose significant mo- 
ral and legal dilemmas, which courts 
have recognized but not handled in 
any consistent way." Therapeutic 
privilege refers to the physician's 
right to withhold part or all of disclo- 
sure if the patient's psychological 
condition is such that full disclosure 
would be detrimental to his health’; 
yet this is clearly inconsistent with 
the patient's right to know and decline 
treatment. The question of a patient's 
right to choose not to be adequately 
informed poses another unsettled 
dilemma, for how can a patient make 
a knowledgeable decision to waive his 
right to hear information that would 
permit a knowledgeable decision? 

It is evident that a uniform legal 
doctrine of informed consent does not 
now exist. With 51 separate jurisdic- 


762 Arch Neurol—Vol 35, Nov 1978 


tions and a rapidly evolving and 
confusing body of case law, it is diffi- 
cult to make generalizations about 
informed consent in medical practice. 
Nevertheless, some positions have 
been more widely accepted than 
others and deserve comment. These 
generally refer to the scope of the 
disclosure and provide an outline of 
the topics or issues an individual 
physician should cover in a consent 
form. According to the much cited 
Cobbs opinion,’ the disclosure should 
include (1) an explanation, in lay 
terms, of the proposed procedure or 
treatment; (2) the risks inherent in 
the procedure, including their proba- 
bility of occurrence; (3) a description 
of available options to the proposed 
procedure, including the dangers in- 
herently and potentially involved in 
each; and (4) any additional informa- 
tion as dictated by good medical prac- 
tice. While this list of topics has been 
criticized by some as being too broad," 
it is consistent with the descriptions 
of disclosure requirements in the 
human experimentation tradition and 
remains a definitive reference in 
formulating guides for the practicing 
physician. 


MORAL ISSUES 


While a moral analysis of informed 
consent is beyond the scope of this 
article, it is possible to highlight key 


differences distinguishing the legal 


and ethical discussions. The judicial 
doctrine of informed consent has 
emphasized primarily the disclosure 
aspects (ie, the informing aspects) of 
the consent process. In addition, 
although the courts have historically 
supported the right of self-determina- 
tion, they have de facto compromised 
this principle by adopting the reason- 
able person standard for disclosure 
and the objective standard for causa- 
tion. On the other hand, the major 
stress in moral analyses of consent has 
been on the individual and self-deter- 
mination. By focusing on the question 
of what constitutes a valid consent as 
opposed to an adequate disclosure, 
ethical analyses have raised such 
issues as the role of understanding, 
responsibility, and voluntarism in the 
consent process.'*-'* These issues have 
become increasingly important in 


relation to the development of appro- 
priate guidelines for human experi- 
mentation." 

It should be noted that some courts 
have implicitly recognized that the 
self-determination of the patient has 
been compromised by legal rulings 
and have justified this by appealing to 
the competing claim of the physician 
to be protected from undue legal obli- 
gation in relation to informed con- 
sent.‘ The question remains, however, 
whether this argument is sufficiently 
compelling to permit abrogation of 
the principle of self determination. 


EFFECTS 
OF INFORMED CONSENT 
ON MEDICAL PRACTICE 


There has been considerable dia- 
logue and much controversy concern- 
ing the effects of the 1972 court deci- 
sions establishing the reasonable per- 
son standard on medical practice.'**° 
One major concern is that full disclo- 
sure of risks would lead to increased 
refusal to undergo diagnostic and 
therapeutic procedures. Present em- 
pirical evidence suggests that this is 
not the case. Five investigations 
(involving surgical, family planning, 
renal transplant, and angiography 
patients?'?) have found that refusals 
attributable to consent disclosures are 
rarely, if ever, seen. Conflicting 
evidence has been reported in only a 
single study, which involved research 
subjects being asked hypothetically 
whether they would consent to a 
recommended procedure." 

Another important therapeutic 
question is how disclosure affects the 
course of therapy. It might be argued 
that detailed descriptions of side 
effects and failure rates could com- 
promise therapeutic outcome by in- 
creasing adverse reactions or by 
diminishing placebo effects. However, 
it also could be argued that properly 
informed patients would be more like- 
ly to comply with therapeutic regi- 
mens and improve therapeutic results 
through reduced anxiety. In a study of 
hysterectomy patients, those receiv- 
ing written disclosures were found to 
have significantly lower postoperative 
anxiety scores than the “uninformed” 
controls. Further research is needed 
both to replicate this finding and to 
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establish the long-term effects of 
disclosure on therapeutic outcome. 
Critics of the reasonable person rule 
have also expressed the concern that 
the standard requires elaborate, 
lengthy disclosures, and that the 
health care system cannot afford to 
have its physicians engaged in such 
activities. In response, there has been 
increasing recognition of the need to 
develop group alternatives to the 
physician-patient interchange,'*?7:8 
as well as to create specially trained 
personnel to assume at least partial 
responsibility for obtaining informed 
consent.” The results of a recent 
study evaluating four physician-inde- 
pendent disclosure models suggest 
that it may be possible to strive for 
cost efficiency without compromising 
the quality of the consent obtained." 
The eost burden involved in in- 
formed consent has also been ad- 
dressed from the perspective of its 
potential impact on medical malprac- 
tice. Although some have interpreted 
informed consent as the newest legal 
threat to the medical profession, there 
is little evidence to support this view. 
As Annas” has pointed out, the combi- 
nation of an objective causation stan- 
dard with the various legal exceptions 
to full disclosure means "that it is 
extremely difficult for a patient to 
win an informed consent case except 
under the most blatant circum- 
stances.” Annas has argued that 
adherence to informed consent proce- 
dures should result in a decrease in the 
incidence of malpractice suits and 
related costs because the available 
evidence indicates that informed pa- 
tients are less likely than uninformed 
patients to sue for malpractice.? 


INFORMED CONSENT IN THE 
NEUROLOGICAL FIELD 


Informed consent remains an im- 
portant issue in the neurological 
health field both because of the nature 
of the patient population and the 
nature of the complications resulting 
from neurological or neurosurgical 
procedures. Complications, while un- 
common, are frequently serious, in- 
cluding for example paralysis and 
dementia. It is probably for this 
reason that there has been a distinct 
overrepresentation of neurosurgical, 
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neuroradiological, and neurological 
cases that have reached the appellate 
courts. In a review by the American 
Medical Association of all reported 
appellate court decisions in which the 
question of informed consent was 
discussed up to July 1973, thirteen 
percent involved neurological or neu- 
rosurgical procedures or treatments 
(N = 108).** Of these, three involved 
cervical disk fusion, five laminectomy, 
two myelography, one ventriculogra- 
phy, two cerebral arteriography, and 
one craniotomy. Included among these 
is what some have considered the most 
important consent case of this decade 
(Canterbury vs Spence?), as this case 
was critical in establishing the reason- 
able person standard for disclosure. 
Before examining specific issues 
relating to informed consent arising 
in the neurological population, it is 
helpful to conceptualize informed con- 
sent in terms of information process- 
ing and as consisting of several 
distinct steps. These include exposure 
to adequate information (disclosure), 
comprehension of the information 
given, acceptance of the information 
as accurate, utilization of the infor- 
mation in the decision to withhold or 
give consent, and communication of 
the decision to withhold or give 
consent. Neurologie disease states 
may interfere with the process in each 
of the last four steps, with major 
impact on the comprehension and 
communication components. 
Comprehension may be compro- 
mised by disease states that affect 
intelleetual function (eg, dementia, 
encephalopathy), language function 
(eg, aphasia), or memory (eg, Wer- 
nicke-Korsakoff psychosis, transient 
global amnesia) Here one should 
distinguish categories of illness that 


result in chronic changes in intellec- 


tual function, language function, or 
memory from those in which there 
may be rapid reversability of intellec- 
tual function (metabolic encephalopa- 
thy) language function (transient 
ischemic attack), or memory (tran- 
sient global amnesia) For, in the 
latter cases a patient may have 
impaired comprehension one hour but 
not the next, a fact that greatly 
complicates determinations regarding 
substitute or proxy consent. But the 


major issue for both the chronic and 
reversible cases is whether the pa- 
tient’s comprehension is sufficiently 
eompromised to preclude informed 
consent. One cannot necessarily 
equate any compromise of comprehen- 
sion with an inability to give mean- 
ingful consent, for a patient must be 
able to understand and evaluate the 
available options, a skill not necessari- 
ly incompatible with some loss of 
mental function. Thus, the neurologi- 
cal physician must often make a judg- 
ment regarding what point in time a 
patient had adequate comprehension 
to give (or withhold) meaningful 
consent. 

Some neurological patients may 
have adequate comprehension and 
may accept and utilize the informa- 
tion provided in an adequate disclo- 
sure, and yet be bypassed in a situa- 
tion requiring informed consent, 
simply because they are unable to 
communicate in the usual ways. 
Under some circumstances adequate 
communication can be developed, ex- 
amples being the patient with the 
“locked in” syndrome who has learned 
to communicate through eyeblinks or 
the patient with a pure motor aphasia 
who can respond to yes-no questions 
by shaking his head. Both of these 
patients may be able to give meaning- 
ful consent, and use of proxy consent 
in such cases would appear to be both 
morally and legally unjustified. 

Instances in which the acceptance 
or utilization steps are affected in 
isolation are less common in the 
neurological population, but may be 
found in patients with a primarily 
“functional” psychiatric illness such 
as paranoid psychosis. Such cases 
would likely be handled under the 
rubric of competency. Unfortunately, 
“incompetency” is a label too often 
applied to patients who have any 
impairment of either comprehension 
or ability to communicate. As men- 
tioned above, many of these patients 
may be able to give meaningful 
consent. 

Once a determination has been 
made that a patient is unable to give 
consent, the treating physician gener- 
ally seeks to obtain consent from the 
patient’s next-of-kin (a form of proxy 
consent). In practice, proxy consent is 
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usually obtained whenever there is 
thought to be an abnormal mental 
state. Thus, the neurologic consultant, 
in making a determination about a 
patient’s mental state, may also in 
effect be determining whether the 
patient will be able to make decisions 
concerning his medical treatment. 
Moreover, the consent implications of 
the consultation may not be recog- 
nized as readily as in the case where 
the consultant is specifically asked to 
evaluate a patient’s competency. 
However, in both instances it is 
important to guard against equating 
any compromise of mental status with 
an inability to give meaningful con- 
sent. 


CONCLUSION 


In the past few years, numerous 
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recommendations have been offered 
to the medical community regarding 
appropriate procedures for obtaining 
consent. ?2»3:-5 These have usually 
been legalistic, focusing on the disclo- 
sure with the aim of minimizing 
physician liability. However, the re- 
cent trend evident in some states of 
enforcing the "medical practice stan- 
dard" through malpractice statutes, 
coupled with the unlikelihood of a 
patient's winning an informed con- 
sent suit even under the "reasonable 
person standard," suggests that phy- 
sician liability in relation to informed 
consent has been overrated. Perhaps 
more critical to the medical practition- 
er is the pragmatic question of how 
informed consent may affect the ther- 
apeutic relationship and the thera- 
peutic outcome. Only empirical re- 
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search will resolve this issue. 

Possibly most compelling are the 
philosophical and moral questions 
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Amino Acid Concentrations 


In Cerebrospinal Fluid 


David I. Heiblim; Hugh E. Evans, MD; Leonard Glass, MD; Melanie M. Agbayani, MD 


® Cerebrospinal fluid amino acid con- 
centrations were measured in 16 pediatric 
patients with febrile convulsions, in 9 with 
bacterial meningitis, and in 8 noninfected 
newborn infants. Most CSF amino acids 
are present in greater concentration in 
patients with bacterial meningitis than in 
those without CNS infection. Newborn 
infants have elevated CNS amino acid 
concentrations similar to those found in 
older patients with bacterial meningitis. 
The reason for increased amino acid 
concentration in the meningitis group 
may be due to alterations in brain metab- 
olism, changes in the kinetics of CSF 
formation, alterations in the removal of 
amino acids by active transport mecha- 
nisms, or a combination of factors. 
Delayed maturation of transport mecha- 
nisms may explain the high levels found in 
newborn infants. 

(Arch Neurol 35:765-768, 1978) 
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mino acid concentrations in CSF 
have been studied by several 
groups of investigators." The CSF 
levels appear to be 5% to 50% of those 
of plasma, with glutamine and glu- 
tamie acid present in relatively high 
concentrations. The CSF concentra- 
tion of any particular amino acid 
appears to be dependent on a number 
of factors, such as serum concentra- 
tion, kinetics of transport into and out 
of CSF, and rate of incorporation into 
cells of the CNS. 

Elevations of specific amino acids 
occur in such inborn errors of metabo- 
lism as phenylketonuria, ^? histidi- 
nemia, argininemia, sarcosinemia, 
and prolinemia. Substantial elevations 
of glutamine have been found in 
patients with hepatic coma.^* In- 
creased levels of several amino acids 
in CSF have also been observed in 
Schilder’s disease, trypanosomiasis, 
fructosemia, and Creutzfeldt-Jakob 
disease, while reduced levels have 
been found in six amino acids and in 
Huntington’s chorea. In de Lange 
syndrome and trisomy 18 syndrome, 
the concentration of various amino 
acids were reduced? Among patients 
with multiple sclerosis, 11 amino acids 
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were reduced but glutamic acid and 
ornithine were elevated.’ The CSF 
glutamine levels, which are elevated 
in hepatic coma, decreased when 
consciousness is regained.’ In phenyl- 
ketonuria, dietary treatment leads to 
a decline in phenylalanine levels, more 
substantially in blood and urine than 
in CSF. 

Except for the study of Buryakova 
and Sytinsky,* who found elevated 
CSF concentrations of glutamine, glu- 
tamic acid, and y-aminobutyric acid in 
patients with acute bacterial meningi- 
tis, there are no data available on CSF 
amino acid concentrations in meningi- 
tis. 

In the present study, we have shown 
that most CSF amino acids are pres- 
ent in greater concentrations in 
patients with bacterial meningitis 
than in those without CNS infection. 
We have also shown that newborn 
infants have elevated CNS amino acid 
concentrations, similar to those found 
in older patients with bacterial menin- 
gitis. 

PATIENTS AND METHODS 


The CSF specimens used in the study 
were obtained from 33 infants and children 
who underwent diagnostic lumbar punc- 
ture between August 1975 and September 
1977. Included were 16 patients with 
febrile convulsions, 9 with bacterial menin- 
gitis, and 8 newborn infants suspected of 
having systemic infection in whom this 
diagnosis could not be proved. All fluids 


Amino Acid Concentrations—Heiblim et al 765 





STS 


were obtained atraumatically, and amino 
acid concentrations were measured in addi- 
tion to routine biochemical and bacterio- 
logic studies. 


Febrile Convulsions 


The 16 children with simple febrile 
convulsions (“normal” group) on whom 
diagnostic lumbar punctures were per- 
formed ranged in age from 5 months to 4 
years, with a median age of 2 years. Only 
one was less than 1 year of age. There were 
six boys and ten girls; nine were black, four 
were white, and three were Hispanic. For 
all patients, this was their first episode of 
convulsions. Admission temperatures 
ranged from 38°C to 40°C. Convulsions 
were always brief and generalized, and no 
sequels were observed. 

All CSF specimens were clear and ster- 
ile. Protein concentrations ranged from 10 
to 80 mg/dl, with a median of 27 mg/dl. In 
three cases, fluid specimens were obtained 
from midnight to 6 AM, in eight cases from 
noon to 6 pM, and in five cases from 6 PM to 
midnight. No fluids were obtained between 
6 AM and noon. 


Bacterial Meningitis 


The CSF specimens obtained from nine 
infants and children with bacterial menin- 
gitis were included in this category. The 
patients ranged in age from 4 months to 6 
years, with a median of 1% years. As in the 
febrile convulsion group, only one patient 
was less than 1 year of age. Seven of the 
patients were boys and two were girls. Six 
were black, two Hispanic, and one white. 
Haemophilus influenzae was recovered on 
culture from six of the specimens and 
Streptococcus pneumoniae from the other 
three. All lumbar punctures were per- 
formed during the acute phase of the 
illness, prior to institution of antimicrobial 
therapy. 

The WBCs in the CSF ranged from 26 to 
30,000/cu mm, with a median of 5,780/cu 
mm. Polymorphonuclear leukocytes were 
the most frequently observed cells. Protein 
concentrations ranged from 32 to 450 mg/ 
dl, with a median of 184 mg/dl. One fluid 
specimen was obtained between midnight 
and 6 AM, three from 6 AM to noon, three 
from noon to 6 PM, and two from 6 PM to 
midnight. 


Newborn Infants 


The newborn group consisted of eight 
CSF specimens obtained from infants 
ranging in age from 1 to 30 days, with a 
median of 18 days. Four infants were boys 
and four were girls. Four were black, two 
Hispanic, and two white. Seven of the 
infants were full term, while one was 
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Table 1.—CSF Concentrations of Amino Acids 
in Febrile Convulsions, Bacterial Meningitis, and Neonatal Period* 


Significance of 
Difference in 
Concentrations 























(P) 
Febrile Bacterial Newborn 
Amino Acid Convulsions (16) Meningitis (9) Infants (8) 1vs2 1vs3 
Taurine 8.14 13.8 19.9 .01 .01 
(4.24-12.21) (10.0-407.6) (9.35-25.5) 






Aspartate 2.01 6.12 6.88 .05 .01 
(0.04-5.39) (0.34-66.8) (1.81-9.35) 











Threonine 19.3 46.9 66.8 .01 .01 
(9.51-31.2) (26.1-141.7) (27.6-91.9) 


46.1 48.0 70.1 NS .01 
(17.4-67.2) (25.8-189.8) (59.5-124.7) 






















Asparagine 7.87 14.5 18.1 NS .01 
(2.39-63.0) (0-38.5) (8.14-22.5) 


Glutamate 8.06 26.3 12.3 .01 NS 
(3.52-35.0) (8.57-128.7) (3.58-61.1) 




















Glutamine 456 651 664 NS .10 
(116-2,935) (246-919) (397-1,153) 
Proline 0 18.5 6.41 .01 .01 
(0-5.54) (0-104.3) (0-8.69) 
Glycine 5.75 CET 10.5 .01 
(2.91-9.25) (13.8-133.4) (5.44-19.9) 
Alanine 29.4 69.4 53.7 .01 
(11.5-45.1) (41.6-279.4) (30.6-100.9) 
Citrulline 1.63 3.10 4.41 .05 
(0.63-3.41) (0.53-26.5) (2.07-6.80) 
a-aminobutyric acid 3.38 5.74 3.49 .10 
(1.56-8.22) (0.98-23.5) (2.49-6.80) 
Valine 20.4 40.6 31.4 .01 
(8.14-28.8) (20.9-167.2) (19.8-47.9) 
Cystine 0.26 0.62 0.28 .01 NS 
(0-0.83) (0-1.65) (0.10-1.08) 
Methionine 1.56 5.00 6.90 .05 
(0.44-4.38) (0.48-24.7) (4.23-11.3) 
Isoleucine 4.84 12.7 6.60 .10 
(2.44-11.0) (0.37-105.6) (5.52-16.0) 
Leucine 15.9 31.2 18.9 NS 
(5.32-25.7) (5.33-235.2) (12.1-37.3) 
Tyrosine 11.7 20.0 26.6 .01 
(4.69-25.3) (13.7-89.9) (14.7-54.8) 
Phenylalanine 17.2 33.6 22.4 .05 
(8.56-83.7) (13.8-109.5) (15.7-39.6) 
y-aminobutyric acid 0 0 0 NS NS 
(0-0.78) (0-3.86) (0-6.28) 


Ethanolamine 19.5 21.0 .05 
(8.84-25.9) (10.5-28.4) 


Ornithine 3.26 14.4 10.4 01 
(1.92-12.5) (6.01-164.1) (4.87-20.0) 


Lysine 11.5 34.8 20.1 
(5.59-32.5) (9.04-200.7) (14.1-44.0) 


Histidine 15.3 29.4 22.6 .05 
(2.16-25.0) (10.9-68.8) (5.48-47.5) 


Arginine 19.9 7.35 24.1 NS 





(4.04-29.5) (1.35-41.0) (9.32-46.7) 


*Values are given as median and range, in micromoles per liter. 
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; Talking with Patients 


The keys to a more efficient 


medical practice 





AMA Practice Management Publications 


An efficient medical practice requires sound business 
management. By applying proven management tech- 
niques, you can improve the efficiency and profitability of 
your practice and--most important of all--have more time to 
devote to your patients. 

These AMA Practice Management Publications, de- 
veloped with the help of medical management consultants, 
are designed to provide you with the latest techniques and 
procedures in the management of your practice. Whether 
you are a new physician who must make immediate deci- 
sions about setting up your practice or an established 
physician who wants to increase the efficiency of your prac- 
tice, these publications are an invaluable source. 


TO ORDER: Write Order Department, American Medi- 
cal Association, 535 N. Dearborn, Chicago, IL. 60610. 
Please specify title, OP number, and include payment with 
your order. 


Publications 

1 The Business Side of Medical Practice (OP-410) $2.00 
Guide to basic management principles. Includes: decid- 

ing how to practice; selecting a location; setting up an 

office; financing; legal hurdles; insurance; mechanics of 

providing good medical service; billings and collections; 

human relations. 


2 Planning Guide for Physicians' Medical Facilities (OP- 
439) $2.00 
Provides guidelines and general principles to help you 
determine the criteria for selecting a medical office that 
best suits your needs. Includes: basic planning before 
building; office construction, inside and out; your office 
interior; office condominiums. 


3 Medicolegal Forms with Legal Anaysis (OP-109) $1.25 

Contains medicolegal forms, with legal analysis and 
citations of court decisions, for the more common interac- 
tions between patients and their physicians and hospitals, 
such as: consent and informed consent; patient's right to 
privacy; confidentiality of records; physician-patient rela- 
tionship. 


4 Preparing a Patient Information Booklet (OP-441) $.30 
A guide for preparing a general information booklet for 
your patients on your specialty and type of practice. 


5 Talking with Patients (OP-450) $.30 

Provides proven psychological principles and specific 
examples on how to improve office-patient relations in 
telephone communications. 


6 Medical Collection Methods (OP-448) $25.00 

A "how to" cassette/workbook program designed to 
train medical assistants in the most effective collection 
techniques. 
Extra Workbooks (OP-449) $2.00 each 


7 Professional Corporations in Perspective (OP-102) 
$3.25 
1977 publication which features: economic factors, ad- 
vantages and disadvantages of incorporation; effect of 


-ERISA on professional corporations; choosing a retirement 


plan; and managing a professional corporation. 


8 New Doctor's Kit (OP-458) $10.00 

Contains: The Business Side of Medical Practice; Plan- 
ning Guide for Physicians' Medical Facilities; AMA Publi- 
cations Lists; Group Practice Guidelines; Current Pro- 
cedural Terminology order form; Uniform Health Insurance 
Claim Form; Medicolegal Forms; Talking with Patients; 
Preparing a Patient Information Booklet; AMA membership 
information; Placement Service; and bibliography on bil- 
ling systems, recording keeping systems, etc. 


9 Group Practice Kit (OP-457) $7.50 

Contains: Group Practice Guidelines; Professional 
Corporations in Perspective; medicolegal reprints on such 
subjects as: professional liability, confidentiality, informed 
consent, etc.; samples of model legal agreements for a 
physician and employed associate, office sharing, medical 
partnerships, and forming a corporation. 
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Synerview exclusives. We offer features that are not found in any other CT system, 
ncluding three different scanning-mode selections. A choice of Automatic-Rapid, 
Automatic-Normal, and Manual mode selections means versatility of performance ranging 
rom CT angiography to routine head and body scanning. And, all major CT functions 
we readily performed, including sagittal and coronal reconstruction, and calcium correction. 
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To help you acquire Synerview, we offer our 
financial resources through our parent CIT Financial 
Corporation. This approach provides the opportunity 

for the optimum investment/value ratio available in 

CT today. And Synerview is backed by our worldwide 
service organization that has a reputation for proven 
dependability. 

For more information contact your local Picker 
representative, or write Picker Corporation or 


Picker International, 595 Miner Road, Cleveland, OH 44143. 


IM Ec: 


ONE OF THE CIT COMPANIES 
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The Synerview* 300/600 is the only CT system 
presently available that can routinely perform high- 
quality scans in | second. Its our response to the 
timely need of the medical community for fast, 
accurate diagnostic information. 

And thats perfect timing. 

Synerview combines fast scan and image- 
processing speeds with rapid patient-data entry. 
Scanning selection protocol and large access disk 
storage also facilitate maximum patient throughput. 

Patient handling. With Synerview, patient handling 
originates with the mobile patient transport which allows 
transfer of patients from anywhere in the hospital. This 
means you can prepare your patients for scanning in a location remote from the scanning 

| room to prevent interference with scanning in progress. 
The unique table features a floating top that enables rapid 4 
patient positioning. 
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Two configurations. High-quality 
components. All components are 
designed to assure years of dependable 
performance. Detectors use time-proven 
solid-state devices requiring no special 
warranty. Modular options can be added 
to the Synerview 300/600 to meet your , 
individual operating and financial needs. 
These options include remote diagnostic 
station, multiformat camera and additiona 
patient-transport tables. 
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$pend just 30 
minutes a week 
with American 
Medical News 











With a heavy patient load and the paperwork 
and the scientific reading you have to do, 
you don't have the time to sift through a lot 
of different publications to find out what's 
happening in the practice of medicine. 


One publication gives you all the news you 
need to know: American Medical News! It's 
designed and edited for the busy 
practitioner. Every week American Medical 
News wraps up all the news in medicine 

in a package that is fast paced, easy 

to read, accurate, and thought provoking. 


American Medical News is must reading 
because you need to keep up-to-date on 
those developments that could affect the 
way you practice medicine. And no other 
publication can match it for timely, 
comprehensive coverage of the news. 


Give American Medical News just 30 
minutes a week; it will give you all the news 
you need to know on what's happening in 
the practice of medicine. 


Keeping your finger 
onthe pulse of medicine 
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Fellowship 
in 
Otoneurology 


A comprehensive twelve-month 
clinical and research fellowship 
is offered to a suitable individ- 
ual with completed specialty 
training in otolaryngology or 
neurology. Must be eligible for 
Educational License in Ontario. 


For further details 
contact Dr. Hugh Barber, 
University of Toronto, 
Dizziness Unit, 
Sunnybrook Medical 
Centre, 

2075 Bayview Avenue, 
Toronto, Ontario, Canada 
MAN 3M5. 


Neurologist bd. cert. or elig. for 
480-bed Med. Svc. part of a 
larger med. center having 
excellent ambulatory care, psy- 
chiatric and geriatric services 
OSMA approved cont. med. ed. 
prog. for AMA Phy. Recognition 
Award. JCAH approved. 


Medical Center located in 
southern Ohio natural recrea- 
tion and scenic area. 45 min. 
from Columbus. 


Financial assistance in mov- 
ing. 


Write or call collect 
Chief of Staff, VA Medical 
Center 
Chillicothe, Ohio 45601, 
(614) 773-1141, ext. 202. 
Equal Opportunity Employer 
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POSITION AVAILABLE 


The Department of Neurology of Emory 
University School of Medicine has a full 
time academic position available January 
1979 as Deputy Chief of the Neurology 
Service, Grady Memorial Hospital, Atlanta, 
Georgia. The appointment is at the level 
of assistant professor. The position 
involves participation in an active 
patient-care, teaching and clinical re- 
search program based in a center-city 
hospital which is a major element in the 
teaching program and community services 
of Emory University School of Medicine. 
Clinical competence and teaching ability 
are essential. Special clinical and research 
interests are highly desirable as is training 
and experience in internal medicine. 
Laboratory space is available for clinical 
research. We are especially interested in 
learning of women and minority candi- 
dates. Emory University is an affirmative 
action and equal opportunity employer. 


For information write: 
Herbert R. Karp, M.D. 
Professor and Chairman 
Department of Neurology 
Emory University School of Medicine 
69 Butler Street, S.E. 
Atlanta, Georgia 30303 
(404) 588-4013 





We can do 


much more 


together. 
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m^" DULAR EVOXXED POTENTIAL SYSTE:v: 


MAINFRAME AVERAGER — 


e Compact, inexpensive, easy to operate 

© Twelve-bit amplitude resolution facilitates signal 
acquisition against high background noise 

* Artifact edit (optional) has adjustable reject 
criterion. 

* Independent gain and frequency-response 
controls for each channel 

e Simplified multi-channel memory controls. Same 
number of data points per channel regardless 
of the number of channels acquired 

e Direct monitoring of patient signal at any sweep 
speed during average acquisition 


EXPANSION MODULES — — 


e Allow customized expansion of system 
capabilities 

* Protect against obsolescence 

* Available Modules include Waveform Processor 
to add, subtract or superimpose waveforms. 
Cursor to give digital readout of amplitudes & 
latencies. Audio Monitor for noise detection and 
EMG. Wide selection of stimulus modules for 
testing in all sensory modalities 


PREAMPLIFIER 


e Compact, lightweight e Optional built-in electrode impedance 

@ instrument powered (no battery tester 
pack) e Outstanding specifications include 
e Optical patient isolation for electrical very high common mode rejection 
safety ratio, and input impedance, fast 
settling time, and low internal noise 


Designed for optimal recording of all types of Ideal for routine clinical 


evoked potentials electromyography 
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Life-Tech 
Instruments, Inc. 


BOX 36221- HOUSTON. TEXAS 77036 : (713) 783-6490 
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EXPAND 
DIAGNOSTIC 
CAPABILITIES 





The RV-275 Saccadic Velocity Recorder offers a non-evasive test with re- 
peatable electronic recordings of the peri-orbital potentials of each eye 
independently during saccads. This enables the Physician or Technician 
to obtain permanent EOG recordings to aid in the diagnosis of... 


Multiple Sclerosis 

Myasthenia Gravis 

e internuclear Opthalmoplegia 

e Thyroid eye disease 

e ilil nerve paralysis effecting the medical 
rectus and the elevated vertical muscles 


Orbital tumor 

Duane's contraction syndrome 
Myotonia Congenita 

Senile Ptosis 

Mechanical restrictions and paresis 
following blow-out fractures of the orbit 


An instrument of the Quality you have come to expect from TRACOUSTICS, 
manufacturers of fine instrumentation for electronystagmography and 


related vestibular testing. 
Call us for more details 
512/444-1961 


Tercentenary Edition (1965) of the 
Anatomy of the Brain and Nerves 
by Thomas Willis, 
edited by William Feindel 
and published in two volumes folio 
by McGill-Queen’s University Press. 


VOLUME | 
Richly illustrated, contains essays by Wilder Penfield, William 
Feindel, Lloyd Stevenson, and Howard Denham. 


VOLUME II 
A facsimile of the English translation by Pordage in 1681, 
includes the anatomical drawings by Christopher Wren and 
Richard Lower copied from the first edition of 1664. 


This famous book by the Founder of 
Neurology is printed on Spanish mold- 
made paper water-marked with the Willis 
crest and specially bound in Linson 
Vellum. Price for the two volumes is 
seventy-five dollars including postage. 
Payment should be made to the Thomas 
Willis Fund, c/o The Director, Montreal 
Neurological Institute, 3801 University 
Street, Montreal, Quebec, Canada H3A 
2B4. 
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UNIVERSITY OF NEW MEXICO 
SCHOOL OF MEDICINE 


Sth ANNUAL 
ROCKY MOUNTAIN 
NEURO-OPHTHALMOLOGY 
COURSE 


SNOW KING INN 
JACKSON HOLE/TETON VILLAGE 
WYOMING 
FEBRUARY 21, 22, 23, 1979 


M. BICKNELL, M.D., Albuquerque, New Mexico 
J. CARLOW, M.D., Albuquerque, New Mexico 
B. DAROFF, M.D., Miami, Florida 

S. GLASER, M.D., Miami, Florida 

N. J. SCHATZ, M.D., Philadelphia, Pennsylvania 
H. VAN DYK, M.D., Salt Lake City, Utah 

W. B. WILSON, M.D., Denver, Colorado 

B. R. YOUNGE, M.D., Rochester, Minnesota 


This course will include lectures and seminar sessions cover- 
ing basic disorders of ocular motility and the visual system. 
Ample time between sessions has been provided for leisure 
activity at the Jackson Hole/Teton Village and Snow King Ski 
areas and Grand Teton and Yellowstone National Parks. 


Tuition: $245.00 Resident Tuition: $125.00 upon application 
by their department head. 


I. 
T 
R. 
J. 


Registration is limited. Make check payable to: 


UNIVERSITY OF NEW MEXICO 

OFFICE OF CONTINUING MEDICAL EDUCATION 
BUILDING M-2 

ALBUQUERQUE, NEW MEXICO 87131 





At last a framework 
tor clinical diagnosis and 
treatment of vestibular diseases... 








By Robert W. Baloh, M.D., Associate Professor, 
Department of Neurology and Division of Head 
and Neck Surgery (Otolaryngology), UCLA School 
of Medicine, Los Angeles, California and 

Vicente Honrubia, M.D., 
Professor, Division of Head 
and Neck Surgery, UCLA 





Clinical Neurophysiology of the Vestibular Sys- 
tem provides an update of current knowledge and 
applies it to understanding and solving clinical 
problems in this area. The book includes illustra- 
tions, tables and diagrams 
that will be particularly useful 
to clinicians. 


School of Medicine. Clinical The Table of Contents indi- 
This latest addition to the euroohusiolo cates the logical approach the 
Clinical Neurology Series he the’ y 99 authors take to better facilitate 


edited by Fred Plum, MD 
and Fletcher McDowell, MD 
is the definitive book on D^ Ced V 
Neurotology. It provides a L 
framework for clinical diag- 
nosis and treatment. From 
the foreword, R. Lorente de 
No, M.D., writes, "Drs. Baloh 
and Honrubia have met the 
need for a concise text that 
integrates the numerous 
advances in the field of ves- 
tibular research with clinical 
diagnoses. The authors have 
made noteworthy contributions 
to otoneurology and this book 
contains carefully prepared, 
concise explanations of what 
is known at present, and 
judicious treatment of areas of 
controversy. ... Extensive bib- 
liographies at the end of each 
chapter supplement the text 
and are a valuable source of information on all 
aspects of vestibular function. "This book will be 
useful to students and residents as well as to 
neurologists, otologists, and ophthalmologists.” 


YES, | want the latest information on neurotology. 
C] Send Clinical Neurophysiology of the Vestibular System 
230 pp/74 illus., 13 tables $30.00 


| would also like to order the following books from the CONTEMPORARY 
NEUROLOGY SERIES. Editors-in-Chief: Plum, F. and McDowell, F. H. 


C] MENTAL RETARDATION AND RELATED 
DISORDERS by Barlow, C. F. 0615-X. 200 pp. $22.00 

C] PEDIATRIC NEUROSURGERY Edited by Milhorat, 

"T T r T. H. 6180-0 408 pp./256 illus. $35.00 (CIP.) 

/ j " [] DEMENTIA Edited by Wells, C. E. 9221-8. 304 pp/40 

illus. $25.00 (CIP) 

m O CLINICAL NEUROENDOCRINOLOGY by Martin, 
J. B.; Reichlin, S., and Brown, G. M. 5885-0 385 pp/150 
figs. $30.00 (CIP) 

[] THE DIAGNOSIS OF STUPOR AND COMA Edited 
yn F. and Posner, J. 6991-7. 296 pp/24 figs. Ed 2 
1 


$12.50 

[] DISORDERS OF THE AUTONOMIC NERVOUS 
SYSTEM by Johnson, R. H. and Spalding, J. M. K. 
9030-2. 320 pp/96 figs. $22.00 

[] TOPICS OF TROPICAL NEUROLOGY Edited by 
Hornabrook, R. W. 4680-1. 314 pp/108 figs. $35.00 

[C] LEGAL ASPECTS OF NEUROLOGIC PRACTICE 
by Beresford, H. R. 0730-X. 162 pp. $18.50 





Vestibular System 





an understanding of the prob- 
lems of diagnosing diseases 
of the Vestibular System. The 
simple and direct style of 
the first three chapters on 
neurophysiology will give 
you an excellent foundation 
for the discussion of clinical 
problems in later chapters. 


Table of Contents 


1. Vestibular Function: An 
Overview 

. The Peripheral Vestibular 

System 

The Central Vestibular 

System 

Clinical Evaluation of the 

Vestibular System 

Electronystagmography 

Clinical Evaluation of 

Hearing 

. Differential Diagnosis of 
Vestibular System Disease 


To order Clinical Neurophysiology of the Ves- 
tibular System, fill in and mail this coupon to F.A. 
Davis Co., 1915 Arch Street, Philadelphia, PA 19103. 
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An invoice will accompany the book. And will include a small charge for 
postage and handling. 


If you're not completely satisfied, you may return the books in 30 days, in 
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Ritalin ¢ 


(methylphenidate) 


For the narcoleptics who 
can't stay awake 





Ritalin® hydrochloride C 
(methylphenidate hydrochloride USP) 
TABLETS 


INDICATION 

Narcolepsy. 

CONTRAINDICATIONS 

Marked anxiety, tension, and agitation, since Ritalin 
may aggravate these symptoms. Also contraindi- 
cated in patients known to be hypersensitive to the 
drug and in patients with glaucoma. 

WARNINGS 

Ritalin should not be used in children under six 
years, since safety and efficacy in this age group 
have not been established. 

Sufficient data on safety and efficacy of long-term 
use of Ritalin in children with minimal brain dysfunc- 
tion are not yet available. Although a causal rela- 
tionship has not been established, suppression of 
growth (ie, weight gain and/or height) has been re- 
ported with long-term use of stimulants in children. 
Therefore, children requiring long-term therapy 
should be carefully monitored. 

Ritalin should not be used for severe depression of 
either exogenous or endogenous origin or for the 
prevention of normal fatigue states. 

Ritalin may lower the convulsive threshold in pa- 
tients with or without prior seizures; with or without 
prior EEG abnormalities, even in absence of sei- 
zures. Safe concomitant use of anticonvulsants and 
Ritalin has not been established. If seizures occur, 
Ritalin should be discontinued. 

Use cautiously in patients with hypertension. Blood 
pressure should be monitored at appropriate inter- 
vals in all patients taking Ritalin, especially those 
with hypertension. 

Symptoms of visual disturbances have been en- 
countered in rare cases. Difficulties with accom- 
modation and blurring of vision have been reported. 
Drug Interactions 

Ritalin may decrease the hypotensive effect of 
guanethidine. Use cautiously with pressor agents 
and MAO inhibitors. Ritalin may inhibit the metab- 
olism of coumarin anticoagulants, anticonvulsants 
(phenobarbital, diphenylhydantoin, primidone), 
phenylbutazone, and tricyclic antidepressants 
(imipramine, desipramine). Downward dosage 
adjustments of these drugs may be required 

when given concomitantly with Ritalin. 


Usage in Pregnancy 

Adequate animal reproduction studies to establish 
safe use of Ritalin during pregnancy have not been 
conducted. Therefore, until more information is 
available, Ritalin should not be prescribed for 
women of childbearing age unless, in the opinion 
of the physician, the potential benefits outweigh 
the possible risks. 


Drug Dependence 

Ritalin should be given cautiously to emotionally 
unstable patients, such as those with a history 
of drug dependence or alcoholism, because 
such patients may increase dosage on their 
own initiative. 

Chronically abusive use can lead to marked tol- 
erance and psychic dependence with varying 
degrees of abnormal behavior. Frank psychotic 
episodes can occur, especially with parenteral 
abuse. Careful supervision is required during 
drug withdrawal, since severe depression as 
well as the effects of chronic overactivity can be 
unmasked. Long-term follow-up may be re- 
quired because of the patient's basic personal- 
ity disturbances. 


PRECAUTIONS 
Patients with an element of agitation may react ad- 
versely; discontinue therapy if necessary. 
Periodic CBC, differential, and platelet counts are 
advised during prolonged therapy. 
ADVERSE REACTIONS 
Nervousness and insomnia are the most common 
adverse reactions but are usually controlled by re- 
ducing dosage and omitting the drug in the after- 
noon or evening. Other reactions include: hyper- 
sensitivity (including skin rash, urticaria, fever, 
arthralgia, exfoliative dermatitis, erythema multi- 
forme with histopathological findings of necrotizing 
vasculitis, and thrombocytopenic purpura); anorexia; 
nausea; dizziness; palpitations; headache; dyskine- 
sia; drowsiness; blood pressure and pulse changes, 
both up and down; tachycardia; angina; cardiac ar- 
rhythmia; abdominal pain; weight loss during pro- 
longed therapy. Toxic psychosis has been reported. 
Although a definite causal relationship has not been 
established, the following have been reported in pa- 
tients taking this drug: leukopenia and/or anemia; a 
few instances of scalp hair loss. 
DOSAGE AND ADMINISTRATION 
Adults 
Administer orally in divided doses 2 or 3 times 
daily, preferably 30 to 45 minutes before meals. 
Dosage will depend upon indication and individual 
response. 
Average dosage is 20 to 30 mg daily. Some pa- 
tients may require 40 to 60 mg daily. In others, 10 to 
15 mg daily will be adequate. The few patients who 
are unable to sleep if medication is taken late in the 
day should take the last dose before 6 p.m. 
HOW SUPPLIED 
Tablets, 20 mg (peach, scored); bottles of 100 and 
1000. 
Tablets, 10 mg (pale green, scored); bottles of 100, 
500, 1000 and Accu-Pak® blister units of 100. 
Tablets, 5 mg (pale yellow); bottles of 100, 500 and 
1000. 

C76-16 (Rev. 7/76) 665381 


Consult complete product literature before 


prescribing. 174-81652 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 
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Clinical Neurophysiology Fellowship 
available starting July 1979. 


One year training in EEG, EMG, 
evoked potentials and monitoring, with 
time for clinical research. 


Contact Jun Kimura, M.D., 
Division of 
Clinical Electrophysiology, 
Department of Neurology, 
University of lowa Hospitals 
and Clinics, 
lowa City, lowa 52242. 


THE COLLEGE OF 
PHYSICIANS & SURGEONS 
OF COLUMBIA UNIVERSITY 

presents a postgraduate 
review course in 


NEUROANATOMY/ 
NEUROPHYSIOLOGY/ 
NEUROPHARMACOLOGY 


by the Department of Neurology 
and Neurosurgery 
January 6 through April 7, 1979 
14 Saturday mornings, 9:30 
A.M.—noon 


28 credit hours Category 1 A.M.A.'s 
Physician's Recognition Award 
Fee $250; residents $125 (with letter 
from Department Chairman) 
Audiotapes will be available 


A review of basic neuroanatomy, 
neurophysiology and neuropharmaco- 
logy for residents in neurology, neuro- 
surgery and psychiatry and for grad- 
uate physicians who are preparing for 
their respective board examinations. 


Contact: Dr. Elizabeth C. Gerst, Director 
Continuing Education Center 
630 West 168 Street 
New York, New York 10032 
(Telephone: 212-694-3682) 














They thought Ed Sloan 
was just tired... 


maybe he had narcolepsy 


A narcoleptic can fall asleep Besides its medical implica- 
almost anywhere, anytime. The re- tions, narcolepsy may have drastic 
sults can be at least embarrassing... social consequences. “All too often, 





at most devastating. the patient with disabling hyper- 
somnolence is ignored by physicians 
Narcolepsy is often for years and even decades, with 
unrecognized the consequent tragic toll on his 
^ | ability to learn and to work:”’ 
s a primary sleep abnormal- 
ity narcolepsy is characterized by Cal : 
inappropriate sleepiness, inappro- Ritalin ds help in 
priate sleep episodes, and cataplexy narcolepsy 
(episodes of muscular weakness For narcoleptic sleepiness and 
precipitated by strong emotion). sleep episodes, the cited author- 
These are often accompanied ities'’’ most frequently use Ritalin 


by hypnagogic hallucinations, auto- (methylphenidate). 
matic behavior and/or disturbed 
‘ References: 
nocturnal sleep. Sleep apnea may 1. Dement WC, Carskadon MA, Guilleminault C, 
be a severe life-threatening Zarcone VP: Narcolepsy: Diagnosis and Treatment. 


. . Primary Care 3:609-623, December 1976. 
complication of narcolepsy. 2. Daly DD, Yoss RE: Narcolepsy, in Handbook of 


It is important to recognize Clinical Neurology: Vol 15, The Epilepsies, Magnus O. 
à Lorentz De Haas AM (Eds.), Amsterdam, North- 
that electroencephalographic Holland Publishing Company, 1974, pp 836-852 


studies provide a means of 
distinguishing narcolepsy from 
normal sleep. 


Ritalin < 
(methylphenidate 


For the narcoleptics who 
can't stay awake 


Please turn page for brief prescribing information. 
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EVOKED RESPONSE SYSTEM 


by GRASS 


MODEL 10 ERS 


Evoke, amplify, average and record multi-modality corti- 
cal potentials with one compact, totally compatible sys- 
B... Sere OR ta tem by Grass. The Model 10 has had lengthy and highly 
"ee. on a os. | successful clinical and research field trials. 


THE BASIC RECORDING SYSTEM: 


e A SIGNAL CONDITIONING MODULE with 11 position 
electrode selection, Electrode test, individual channel 
bandwidth control and calibrator. 


e ISOLATED INPUTS for electrical safety. 


e BIO-RESPONSE AVERAGER with a full 1 K memory for 
each channel for greater resolution. There are four 
separate 1 K memories, therefore there is no memory 
division when multiple channels are used. Designed for 
short latency, rapid-rise time brainstem responses 
where 1000 or more trials are often needed to extract 
and resolve submicrovolt signals from noise within a 10 
milliseconds post-stimulus period. 


e MODULAR CONSTRUCTION for 2 or 4 channel recording. 


e DATA DISPLAY — TWO CRT MONITORS for ongoing 
data and stored data, plus an X-Y plotter. 


OPTIONAL STIMULATORS 
e VISUAL PATTERN GENERATOR for flash, bars or checks. 


e AUDITORY STIMULUS CONTROL for click and for 
masking noise. 


e SOMATOSENSORY STIMULATING MODULE. 
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Carbidopa: a key ingredient in SINEMET 





When SINEMET is to be given to patients who are being treated 
with levodopa, levodopa must be discontinued at least 8 hours 
before therapy with SINEMET is started. In order to reduce 
adverse reactions, it is necessary to individualize therapy. See the 
Warnings (below) and Dosage and Administration sections in the 
full prescribing information before initiating erga 
Contraindications: MAO inhibitors and SINEMET should not be 
pon concomitantly. MAO inhibitors must be discontinued at 
east 2 weeks prior to initiating therapy with SINEMET. 

SINEMET is contraindicated in patients with known hypersen- 
sitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant melanoma, it 
should not be used in patients with suspicious, undiagnosed skin 
lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 hours before 
SINEMET is started. SINEMET should be substituted at a dosage 
that will provide approximately 25 percent of the previous levo- 
dopa dosage. (See Dosage and Administration section of full 
prescribing information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary movements 
and mental disturbances. These reactions may be due to increased 
brain dopamine following administration of levodopa. All patients 
should be observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution patients with 
past or current o: Because carbidopa permits more levo- 
dopa to reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with SINEMET 
than with levodopa. Occurrence of dyskinesias may require 
dosage reduction. | | | 

SINEMET should be administered cautiously to patients with 
severe cardiovascular or pulmonary disease, bronchial asthma, 
renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with levodopa, to 
patients with history of myocardial infarction who have residual 


cni 20032. cs eee Ro urn 


function should be monitored with particular care during period 
of initial dosage adjustment, in a facility with provisions for 
intensive cardiac care. 

As with levodopa, there is possibility of upper G.I. hemorrhage 
in patients with history of peptic ulcer. 

Usage in Pregnancy and Lactation: Although effects of 
SINEMET on human pregnancy and lactation are unknown, both 
levodopa and combinations of carbidopa and levodopa have 
caused visceral and skeletal malformations in rabbits. Use of 
SINEMET in women of childbearing potential requires that antici- 
pated benefits of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to nursing 
mothers. 

Usage in Children: Safety of SINEMET in patients under 18 has 
not been established. 

Precautions: As with levodopa, periodic evaluations of hepatic, 
hematopoietic, cardiovascular, and renal function are recom- 
mended during extended therapy. 

Patients with chronic wide-angle glaucoma may be treated 
cautiously with SINEMET provided intraocular pressure is well 
controlled and patient is monitored carefully for changes in 
intraocular pressure during therapy. 

Symptomatic postural hypotension can occur. For this reason, 
SINEMET should be given cautiously to patients on antihyperten - 
sive drugs. When SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. (For patients receiving 
parg) line, see the contraindication on MAO inhibitors.) 

since phenothiazines and butyrophenones may reduce thera- 

peutic effects of levodopa, they should be administered with 
caution if concomitant administration with SINEMET is necessary. 
Also, the beneficial effects of levodopa in Parkinson's disease have 
been reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be carefully 
observed for loss of antiparkinsonian effect. 
Adverse Reactions: Most common serious adverse reactions 
occurring with SINEMET are choreiform, dystonic, and other 
involuntary movements. Other serious adverse reactions are men- 
tal changes including paranoid ideation and psychotic episodes, 
depression with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; however, a causal 
relationship with SINEMET has not been established. 

A common but less serious effect is nausea. 4 

Less frequent adverse reactions are cardiac irregularities and/or 
palpitations, orthostatic hypotensive episodes, bradykinetic epi- 
sodes (the “on-off” phenomenon), anorexia, vomiting, and dizzi- 
ness. 

Rarely, G.I. bleeding, development of duodenal ulcer, hyper- 
tension, phlebitis, hemolytic anemia, leukopenia, and agranulo- 
cytosis have occurred. 

Other adverse reactions reported with levodopa include dry 
mouth, dysphagia, sialorrhea, abdominal pain and distress, ataxia, 
increased hand tremor, headache, numbness, weakness and faint- 
ness, bruxism, confusion, insomnia and nightmares, hallucina- 
tions and delusions, agitation and anxiety, malaise, fatigue, 
euphoria, muscle twitching and blepharospasm (may be taken as 
an early sign of excess dosage; consider dosage reduction at this 
time), trismus, burning sensation of tongue, bitter taste, diarrhea, 
constipation, flatulence, flushing, skin rash, increased sweating, 
bizarre breathing patterns, urinary retention, urinary inconti- 
nence, diplopia, Biden vision, dilated pupils, hot flashes, weight 
gain or loss, dark sweat and /or urine, oculogyric crises, sense of 
stimulation, hiccups, edema, loss of hair, hoarseness, priapism, and 
activation of latent Horner's syndrome. 

Abnormalities in laboratory tests may include elevations of 
blood urea nitrogen, SGOT, SGPT, lactic dehydrogenase, bilirubin, 
alkaline phosphatase, protein-bound iodine, and positive Coombs 
test. More commonly, levels of blood urea nitrogen, creatinine, 
and uric acid are lower during administration of SINEMET than 
with levodopa. 

Overdosage: Management of acute overdosage with SINEMET is 
basically the same as management of acute overdosage with 
levodopa; however, pyridoxine is not effective in reversing the 
actions of SINEMET. 

How Supplied: Tablets SINEMET-10/100 and Tablets SINEMET-25/ 
250 are supplied in bottles of 100. j65102 R1 (DC 6834803) 





For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck Sharp 






and that difference 
often depends on proper dosage 





Start with SINEMET-25/250 $5» mz ieocons ^ Paene 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 

A daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 

by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 

of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 

t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 

utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 
A daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 
SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa-the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 
SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 
Start with SINEMET-10/100 t.i.d and increase by 1 tablet every day or every other day until 
a dosage of 6 tablets is reached. If further titration is necessary, change the patient 
to SINEMET-25/250, at a dosage of 1 tablet t.i.d. 
NOTE: Most patients on SINEMET will eventually require SINEMET-25/250 for optimal 
control of the symptoms of Parkinson's disease. 


Other dosage considerations 


Discontinue levodopa at least 8 hours before SINEMET is begun. A time interval shorter 
than 8 hours may increase the risk of levodopa-induced adverse reactions. 
because of increased brain dopamine levels, both therapeutic and adverse reactions 
(specifically, involuntary movements and mental disturbances) occur at lower doses and 
more rapidly with SINEMET than with levodopa. In order to reduce adverse reactions, 
It is necessary to individualize therapy and to monitor the patient closely during the dose 
- adjustment period. The occurrence of involuntary movements may require dosage 
| reduction. Blepharospasm may be a useful sign of excess dosage in some patients. 
Instruct patients not to take levodopa with SINEMET unless vou specifically recommend it. 


*anhydrous equivalent 


. MSD 
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Sinemet 
can mean a world of difference 
for some parkinsonian patients... 





Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 


Symptomatic relief of Parkinson’s 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 

eating 

maintaining personal hygiene 


SINEMET is contraindicated in: 


@ Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Q Patients with known hypersensitivity to this drug. 


@ Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes in 
intraocular pressure during therapy.) 


Q Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa | 
also applies to SINEMET. Turn to the last page tor 





Imbalance 


a central problem 
in the management of Parkinson’s disease 








by helping to correct 
dopamine/acetylcholine imbalance 
may help bring the world of the 
eb. parkinsonian patient back into balance 


MERCK 
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Richard Lende Neurosurgery Confer- 
ence.—The fifth annual Richard Lende 
Winter Neurosurgery Conference is 
scheduled Feb 11-15, 1979, Snowbird, 
Utah. For information contact M. P. 
Heilbrun, MD, Division of Neurologi- 
cal Surgery, University of Utah Medi- 
cal Center, 50 N Medical Dr, Salt Lake 
City, UT 84182. 


Ausman New Chairman at Henry Ford 
Hospital.-James Ivan Ausman, MD, 
PhD, has been named chairman of 
Henry Ford Hospital's Department of 
Neurosurgery-Neurology to succeed 
Dr Robert S. Knighton who is retir- 
ing. Dr Ausman graduated from 
Johns Hopkins School of Medicine in 
1962. He received his PhD degree in 
pharmacology from George Washing- 
ton University in 1969 and has served 
as assistant professor in both Neuro- 
surgery and Pharmacology at the 
University of Minnesota (1975-1978). 


American Epilepsy Society-William 
B. Lennox Postdoctoral Fellowship.— A 
one-year William B. Lennox Postdoc- 
toral Fellowship of $15,000 will be 
awarded in 1979 (and alternate years 
thereafter) to a selected applicant 
with interests in epilepsy research. 

Candidates of any nationality who 
have completed their doctoral training 
(PhD, MD, or equivalent degree) and 
desire additional postdoctoral re- 
search experience are eligible. Pre- 
vious research experience in seizure 
disorders is preferable. The latter, 
focused on any aspect of epilepsy, 
should be reasonably detailed (not to 
exceed five pages) and contain infor- 
mation with respect to the following: 
(1) qualifications and goals, (2) scien- 
tifie background for project, (3) meth- 
ods, (4) significance, and (5) research 
facilities and support available for the 
project. Applications (six copies) 
should be submitted to the Executive 
Secretary of the American Epilepsy 
Society, Mrs Margaret Henry, AES 
Executive Office, 38238 Glenn Ave, 
Willoughby, OH 44094. Deadline for 
receipt of Fellowship applications is 
Nov 30, 1978. Candidates will receive 
notifieation by March 1, 1979, for 
award beginning  July-September 
1979. 


Robert S. Morison Fellowship.—A 
Robert S. Morison Fellowship in Elec- 
troencephalography and Neurophysi- 
ology, to begin on or after July 1, 1979, 
is offered by the Grass Foundation to 
MDs who will have completed one or 
more years of residency in neurology 
or neurosurgery. It requires a pro- 
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gram of clinical and research training 
toward an academic career in electro- 
encephalography and neurophysiolo- 
gy. The fellowship may be awarded 
for one year and is renewable for up to 
three years on review by the Founda- 
tion. The award will consist of a 
stipend of $17,000 for the first year of 
the fellowship, plus $600 for each of 
the fellow's dependent spouse and 
children, plus up to $3,000 for 
expenses of the fellow such as 
research costs, tuition, travel to one 
scientific meeting, and the like. 

Send for information about applica- 
tion to The Grass Foundation, 77 
Reservoir Rd, Quincy, MA 02170. 
Completed applications must be re- 
ceived by Dec 8, 1978. Notices of the 
award will be made before March 15, 
19779. 


Notes From NINCDS 


Epilepsy Drug: Proposals Sought.— 
The NINCDS invites research grant 
applications for development of anti- 
epileptie drugs. Compounds synthe- 
sized by grantees may be screened by 
the institute, with results made avail- 
able to the originators for further 
refinement. Exceptionally promising 
compounds may be evaluated and 


developed further in the institute's 


Anticonvulsant Drug Development 
Program. 

Since January 1975, the Anticonvul- 
sant Drug Development Program has 
screened 1,780 compounds, 800 from 
medicinal chemists at universities and 
980 from commercial firms. Twenty- 
nine percent showed sufficient anti- 
convulsant activity (doses of 100 mg/ 
kg or less without signs of neurologi- 
cal deficit) to warrant second-stage 
testing, and nine compounds are now 
in third-stage testing. 

Applications are due by Nov 1, 1978. 
For further information contact Of- 
fice of the Director, Neurological 
Disorders Program, Federal Building, 
Rm 710, Bethesda, MD 20014; tele- 
phone (301) 496-1431. 

Grants Sought for Neuronal Interac- 
tions.-The NINCDS Fundamental 
Neurosciences Program is encourag- 
ing applications for research grants 
on local neuronal interaction. Such 
research may lead to a better under- 
standing of basic neurobiological 
mechanisms, as well as “higher” brain 
functions. 

Local neuronal interaction, as de- 
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fined, involves the following points: 
(1) the activity of local circuit neurons: 
cells with short axons or no axons, 
such as Golgi type II neurons, 
Renshaw cells, horizontal and ama- 
crine cells in the retina, granule cells 
in the olfactory system, and many 
other interneurons; (2) local neuronal 
circuits: the transfer of information in 
a neural network confined to a local- 
ized area in the nervous system; 
impulses limited to part of a cell 
surface or to a single dendritic tree, or 
to one or a small group of local circuit 
neurons; (3) electrotonie synapses and 
electrically coupled cells; (4) reciprocal 
and two-way synapses; (5) ephaptic 
transmission and other localized elec- 
trieal and electromagnetic field ef- 
fects; (6) localized chemical field 
effects involved in information trans- 
fer; (7) central information processing 
in restricted areas of the nervous 
system, possibly involving feedback 
and reverberating circuits; (8) low 
voltage (belc w action potential thresh- 
old) information transfer within cells 
and among cells, including the trans- 
lation of “noise” into meaningful 
signals; (9) interactions of local chemi- 
cal and electrical circuits; and (10) 
localized interactions between glia 
and neurons. 

Applications should be in accord- 
ance with standard NINCDS proce- 
dures, with the face page indicating 
that the application is made in 
response to this announcement. Appli- 
cations will be reviewed by study 
sections and by the NINCDS National 
Advisory Council. 

A copy of each application should be 
sent to Novera Herbert Spector, PhD, 
Fundamental Neurosciences Pro- 
gram, NINCDS, Federal Building, Rm 
120, Bethesda, MD 20014, or telephone 
Dr Spector at (801) 496-5745. 

Diabetic Neuropathy Pamphlets Avail- 
able.—A new pamphlet, "The Diabetic 
Neuropathies: A Scientific Guide for 
Health Practitioners,” is available 
from the NINCDS free of charge. The 
pamphlet describes the four major 
types of diabetic neuropathy and 
summarizes current understanding of 
the pathogenesis and treatment of the 
disorder. 

A free companion pamphlet, "The . 
Diabetie Neuropathies," is intended 
for patients and their families. It 
describes symptoms and their causes 
in layman's terms, and suggests prac- 
tical methods for coping with the 
disorder. 

Pamphlets may be obtained from 
NINCDS, Office of Scientific and 
Health Reports, Bldg 31, Rm 8A 06, 
Bethesda, MD 20014. 


Calendar /News 


Calendar and News 


CALENDAR OF MEETINGS 
Myasthenia Gravis Foundation Scientific Session, Biltmore 
The Association for Research in Nervous and Mental 


Neurosurgery—New York City 1978, Roosevelt Hotel and the 


Fourth Annual International Joint Stroke Conference, 
Winter Seminar in Neurology and Neurosurgery, Cortina, 
The Federation of Western Societies of Neurological 
Symposium on "Long-term Effects of Neuroleptics," Monte- 


Society of Neurological Surgeons, San Antonio, Tex 
Central Association of Electroencephalographers, Lexing- 


The American Association of Neurological Surgeons, Plaza 
The American Academy of Neurology, Marriott Hotel, 


Language and Communication in the Elderly, Colonnade 


The Ninth International Symposium on Cerebral Blood Flow 


European Society for Stereotactic and Functional Neurosur- 


1978 
Dec 1 
Hotel, New York 
1-2 
Disease, Inc, Hotel Biltmore, New York City 
11-15 
Neurological Institute, New York City 
1979 
Feb 8-10 
Hyatt Regency Hotel, Phoenix, Ariz 
11-24 
Italy and Chamonix, France 
22-25 
Sciences, Mountain Shadows, Scottsdale, Ariz 
March 18-21 
Carlo, Principauté de Monaco 
28-31 
30-31 
ton, Ky 
April 22-26 
Hotel, Los Angeles 
23-28 
Chicago 
May 4-6 
Hotel, Boston 
28-June 1 
and Metabolism, Tokyo 
July 12-14 
gery, Paris 
27-31 


CO, Laser.—A postgraduate course 
on the use of the CO, laser in surgery 
will be held at the Mount Sinai Medi- 
cal Center, New York on Nov 17, 1978. 
For information contact The Page and 
William Black Post-Graduate School, 
Mount Sinai School of Medicine, One 
Gustave L. Levy Place, New York, NY 
10029. 


The Rocky Mountain Neurosurgical 
Society.—The 14th annual meeting of 
the Rocky Mountain Neurosurgieal 
Society will be held at the Jackson 
Lake Lodge, Jackson Hole, Wyo, June 
10-14, 1979. Michael McNally, MD, is 
president. For information contact 
Ralph J. Kaplan, MD, Secretary, 
University of Oklahoma Health 
Sciences Center, PO Box 25606, Okla- 
homa City, OK 73125. 


ARNMD.—The Association for Re- 
search in Nervous and Mental Dis- 
ease, Inc, will meet on Dee 1-2, 1978, at 
the Hotel Biltmore in New York City. 
This year’s session will be devoted to 
“Current Concepts of Pain and Its 
Treatment.” 

Dr John J. Bonica is president of the 
Association and chairman of the 
Commission. A distinguished group of 
scientists will provide a comprehen- 
sive overview of the most important 
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_ International Congress of Sleep Research, Tokyo 


fundamental and clinical aspects of 
pain and pain syndromes. The first 
day will encompass basic aspects of 
nociception and pain. The second day 
will be devoted to mechanisms and 
treatment of chronic pain syndromes. 
For information contact Dr Roger 
Duvoisin, Annenberg Building, Suite 
14-02, 100th St at 5th Ave, New York, 
NY 10029. 


Advanced Course in EEG.—The East- 
ern Association of Electroencepha- 
lographers offers an advanced course 
in EEG on Nov 29, 1978, at The New 
York University Medical Center. The 
course, directed by Dr Frank Morrell, 
will focus on EEG of the neonatal 
period and sleep disorders. Contact 
Medical Management Associates, 
38238 Glenn Ave, Willoughby, OH 
44094. 


Headache.—The annual Postgrad- 
uate Course of the American Associa- 
tion for the Study of Headache, "Di- 
agnosis and Treatment of Headache," 
will be on Jan 12-14, 1979, at the 
Registry Resort in Scottsdale, Ariz. 
The course is approved for 16 hours of 
American Medical Association Cate- 
gory 1 credit. For information contact 
Robert S. Kunkel, MD, 9500 Euclid 
Ave, Cleveland, OH 44106. 


Neurological Problems of Infancy and 
Childhood.—A postgraduate course to 
be presented in Williamsburg, Va, Dec 
1-3, 1978, is sponsored by the Univer- 
sity of Virginia School of Medicine, 
Medical College of Virginia and the 
Eastern Virginia Medical School. The 
guest speaker will be Paul N. Rosman, 
MD. Contact James E. Etheridge, Jr, 
MD, Professor of Pediatrics and Neu- 
rology, 855 W Brambleton Ave, Nor- 
folk, VA 23510. 


International Congress of Sleep Re- 
search.—The third international con- 
gress of sleep research will be held in 
Tokyo on July 27-831, 1979. The 
congress will be organized by the 
Japanese Society of Sleep Research 
and the Association for the Psycho- 
physiological Study of Sleep. The 
organizing committee is headed by Dr 
Katsumi Kaketa, honorary president; 
Dr Yasuo Shimazono, president; Dr 
Junji Matsumoto, vice-president; and 
Dr Teruo Okuma, chairman of the 
executive committee. For further in- 
formation contact the Secretary of the 
Congress, Dr Kazuo Asumi, Tokyo 
Metropolitan Institute for Neurosci- 
ences, 2-6 Musashi-dai, Fuchu City 
183, Japan. 


Neuroleptics.—A symposium on 
"Long-term Effects of Neuroleptics,” 
sponsored by the National Institute of 
Mental Health, will be held in Monte- 
Carlo, Principaute de Monaco, March 
18-21, 1979. Contact F. Cattabeni, G. 
Racagni and P. F. Spano, Internation- 
al Menarini Foundation, Piazza del 
Carmine, 4-20121 Milan, Italy. 


Southern Clinical Neurological Soci- 
ety.—The annual meeting is at Pier 66 
Hotel, Fort Lauderdale, Fla, Jan 22- 
26, 1979. Contact William L. Griggs, 
MD, Holt-Krock Clinie, 1500 Dodson 
Ave, Fort Smith, AR 72901, Program 
Chairman. 


Federation of Western Societies of 
Neurological Sciences Inc.—The 16th 
annual meeting of the Federation of 
Western Societies of Neurological 
Science Inc will be held Feb 22-25, 
1979, at Mountain Shadows, Scotts- 
dale, Ariz. For further information 
contact Dr Larry Stern, Program 
Chairman, University of Arizona, De- 
partment of Neurology, Tucson, AZ 
85721. 

Officers elected in 1978 are as 
follows: chairman board of directors, 
Dr Javier Verdura; secretary-treasur- 
er, Dr Richard H. Moiel; and program 
chairman, Dr Larry Stern. 
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Case 1 prior to clonazepam therapy. Note polyspike wave discharges of 
left temporal maximum and generalized burst of spike wave discharges. 


instances were of left anterior temporal 
origin (Figure) Ethosuximide 250 mg 
three times a day, phenytoin 100 mg/day, 
methobarbital 450 mg/day, and carbama- 
zepine 1,200 mg/day had all been given in 
the attempt to control her seizures. For 
each of these medications, the dosage was 
increased to toxic levels, both clinically and 
as indicated by serum drug levels; all with 
no effect on the frequency of the seizures. 
All of these drugs were discontinued, again 
with no change in seizure frequency. 
Receiving clonazepam, 2.5 mg/day, she has 
been totally seizure free for more than a 
year. A follow-up EEG after four months 
receiving clonazepam was greatly im- 
proved with the only single burst of spike 
wave discharges occurring during hyper- 
ventilation. 

CASE 2.—A 13!4-year-old boy had a one- 
year history of uncontrolled seizures. He 
had bacterial meningitis at 6 days of age, 
with a prolonged hospitalization but no 
previously recognized sequelae. Develop- 
ment was normal, he was an excellent 
student and a good athlete. His examina- 
tion results were entirely normal. Comput- 
erized axial tomography showed a ques- 
tionable small area of decreased density in 
the left temporal region suggesting an old 
cerebral injury. His seizures occurred many 
times an hour and were characterized by 
absence attacks often associated with head 
turning to his left, blinking, chewing, and/ 
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or pieking with his hands. Each seizure 
lasted ten to 15 seconds. Electroencephalo- 
gram showed several episodes of general- 
ized 2.5 to 4 per second spike wave 
discharges lasting ten to 15 seconds with 
interictal multifocal spikes and spike wave 
discharges. Carbamazepine, 1,000 mg/day, 
and primidone, 500 mg/day, did not alter 
seizure frequency. Phenytoin was insti- 
tuted but promptly followed by urticaria 
and was discontinued. Clonazepam, by 
itself, at 3.5 mg/day has reduced his 
seizure frequency to only one to two per 
month and has been effective for more 
than a year. 

Comment.—Absence seizures with 
automatisms represent a specific type 
of seizure pattern that is not truly 
petit mal nor do they represent the 
usual type of psychomotor seizures. 
These two cases might indicate that 
children with this seizure pattern may 
respond to clonazepam, and this is 
certainly worth trying, particularly if 
other anticonvulsants have failed. 

Davip S. BACHMAN, MD 

Dept of Pediatrics 

Columbus Children’s Hospital 
Div Neurol 

Ohio State Univ School of Med 
931 Chatham Lane 

Columbus, OH 43221 





Nonproprietary Names 
and Trademarks of Drugs 


Carbamazepine- Tegretol. 
Clonazepam —Clonopin. 
Ethosuximide—Zarontin. 
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sleep disorders. We agree that the true 
pathogenesis of  hypersomnia in 
“Pickwickian syndrome" is not under- 
stood in most instances and would also 
agree that there are many obese 
patients with true sleep-deprivation 
symptoms. We do not agree that all 
Pickwickians are sleep deprived be- 
cause of airway obstruction; we are 
aware of only one clearly defined and 
well-studied case in the literature that 
supports this concept.' This same arti- 
cle mentions another case in which 
true sleep deprivation could not be 
proved. 

We believe that the term "Pickwick- 
ian syndrome" should be applied to 
obese, hypercapnic, cyanotic individu- 
als, often with right-sided heart failure 
and polycythemia, because there 
clearly is a different mechanism for the 
hypersomnia in these patients. 

H. SPIRA, MD 

P. SCHEINBERG, MD 

Dept of Neurol 

Univ of Miami 
School of Med 

PO Box 520875 

Biscayne Annex 

Miami, FL 33152 


1. Gastant H, Tassinari CA, Duron B: Poly- 
graphic study of the episodic diurnal and noctur- 
nal (hypnic and respiratory) manifestations of the 
Pickwickian syndrome. Brain Res 2:167-186, 
1966. 


Sex and Handedness Differences in 
Well-educated Adults’ 
Self-descriptions of Left-Right 
Confusability 


To the Editor.—Wolf, in an article in 
the ARCHIVES (29:128-129, 1973), re- 
ported a statistically greater tendency 
for neurologically normal women than 
men to state that they have experi- 
enced difficulty in discriminating left 
from right. The ratings were on a 
five-point Likert scale from "all the 
time" to "never." As Wolf noted, these 
results are inconsistent with the once- 
traditional view that identified left- 
right confusion as one facet of the 
Gerstmann syndrome tetrad, the cur- 


rent view being that no single compo- 
nent of the syndrome can reliably be 
considered pathognomonic.' 

Male superiority in spatial ability is 
well known,” but Wolf's report may be 
the first to focus on individuals' self- 
estimation of spatial confusability—a 
matter of potential importance in clin- 
ical evaluation. We are concerned, 
however, about Wolf's choice of physi- 
cians and their spouses as subjects. 
Since most physicians are men, the 
sex difference reported may reflect a 
bias in educational level or some 
related factor in the sample. Wolf also 
prefaced his questionnaire with a 
statement that might have prejudiced 
his respondents’ answers: “During my 
years in neurology practice, I have 
frequently noted differences in right- 
left discrimination skills between the 
sexes.” 

We, therefore, repeated this study, 
as part of ongoing research on 
handedness and lateralized abilities, 
with subjects equated for educational 
achievement and social status. No 
implication was made that sex differ- 
ences were expected. Respondents 
were 356 faculty members of assistant 
professor status or above, from Michi- 
gan State University, East Lansing, 
randomly selected from all disciplines. 
(Because our first sampling yielded 
too few left-handed women to permit 
statistical evaluation, eight  left- 
handed women faculty were added 
through further random sampling, 
bringing the total to 364.) 

Like Wolf’s subjects, proportionate- 
ly more of our female than male 
respondents reported being confused 
(x? with Yates’ correction, P < .001), 
but this effect interacted with 
handedness (Table 2). For women, 
proportionately many more left-hand- 
ers than right-handers reported con- 
fusion (P < .002). Indeed, of 11 left- 
handed women, only one reported not 
being confused at least “occasionally.” 
Men showed no such pattern. This sex 
X-handedness interaction agrees with 
a recent report of objectively mea- 
sured spatial skill,’ and therefore may 


Breakdown of Responses by Sex and Handedness* 


Left-handers 


n 


Responses M (%) 
All the time 1 (4) 
Frequently 2 (9) 
Occasionally 3 (13) 
Rarely 2 (9) 
Never 15 (65) 
Total 23 


“Question asked was, “As an adult, | have noted difficulty when | quickly have to identify right vs left 
." Percentages are of total for each group. 
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Right-handers 


F (%) 
3 (27) 
3 (27) 
4 (36) 
0 (0) 
1(9) 


Pee. 
M (%) F (%) 
2 (1) 0 (0) 
14 (5) 4 (11) 
28 (10) 7 (19) 
114 (39) 14 (39) 
136 (46) 11 (31) 
294 36 





be relevant to current theories about 
sex and handedness differences in 
hemispheric organization and lateral- 
ized cognitive abilities.* 

Since self-reported left-right confu- 
sion would have different clinical 
significance depending on the respon- 
dent's sex and handedness, these find- 
ings suggest that sex and handedness 
be considered in clinical interviews 
and on standardized tests of spatial 
skill, as well as in the standardization 
and interpretation of neuropsycholog- 
ical test batteries. 

LAUREN JULIUS HARRIS, PHD 
STEVEN R. GITTERMAN 

Dept of Psychology 
Michigan State Univ 

East Lansing, MI 48824 
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(eds): Clinical Neurology. New York, Harper & 
Row Publishers, 1971, vol 1, chap 8. 

2. Harris LJ: Sex differences in spatial ability: 
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Function of the Brain. Cambridge, England, 
Cambridge University Press, 1978, pp 405-522. 

3. McGee M: Laterality, hand preference, and 
human spatial ability. Percept Mot Skills 42:781- 
782, 1976. 


Clonazepam in Treatment of 
Absence Seizures With 
Automatisms 


To the Editor.—Clonazepam (Clono- 
pin), as indicated in the package 
insert, is not currently recommended 
in the United States for use in partial 
seizures with complex symptomatolo- 
gy, although there are a number of 
articles suggesting that it may be 
useful in this type of seizure disor- 
der.'* The following are two case 
reports of children with very frequent 
absence seizures with automatisms 
who had no response to other anticon- 
vulsants but had very dramatic and 
sustained seizure control with clonaze- 
pam alone. 


Report of Cases.—CASE 1.—A 9-year-old 
girl had a 1-year history of uncontrolled 
seizures. History, family history, develop- 
ment, physical examination, neurological 
examination, intelligence, detailed workup, 
including computerized axial tomography 
and bilateral selective carotid arteriog- 
raphy were all normal. Clinically, her 
seizures consisted of absence attacks last- 
ing ten to 60 seconds, which were often 
accompanied by such automatisms as pick- 
ing movements with her hands or chewing 
movements. These occurred ten to 20 times 
per hour. Multiple EEGs were all similar, 
showing many generalized bursts of two to 
five per second spike wave discharges, 
lasting ten to 60 seconds. Interictally, the 
tracings were slower than normal for age, 
and there were individual spike or poly- 
spike wave discharges, which in some 
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Cervical Spondylitic Myelopathy 


To the Editor.—In his article in the 
ARCHIVES (34:774-776, 1977) entitled 
“Cervical Spondylitic Myelopathy 
With Reversible Fasciculations in the 
Lower Extremities,’ Dr Kasdon sum- 
marizes his electromyographic find- 
ings with the repeated observation 
that no fibrillations were noted. Other 
studies' show that the most sensitive 
indication of electromyographic ab- 
normality and involvement of the 
motor fibers of a spinal nerve root is 
the presence of increased insertional 
activity, including positive sharp 
waves. There is no mention of either 
insertional activity or positive sharp 
waves in Dr Kasdon’s article. As a 
result, it is impossible to properly 
consider his findings with regard to 
fasciculations. No mention was made 
of nerve conduction studies or of elec- 
trodiagnostic studies measuring F- 
waves. Eisen et al? have thoroughly 
reviewed the application of F wave 
measurements to the diagnosis of 
proximal neuropathies of the upper 
extremities. More research needs to 
be done before the role of fascicula- 
tions in cervical spondylitic myelopa- 
thy can be elucidated. 

PauL E. KAPLAN, MD 

Rehabilitation Institute of Chicago 

345 E Superior St 

Chicago, IL 60611 


1. Johnson EW, Stocklin R, LaBan MM: Use of 
electrodiagnostie examination in a university 
hospital. Arch Phys Med Rehabil 46:573-578, 
1965. 

2. Eisen A, Schomer B, Melmed C: The applica- 
tion of F-wave measurements in the differentia- 
tion of proximal and distal upper limb entrap- 
ments. Neurology 27:662-668, 1977. 


In Reply.—Dr Kaplan has raised some 
important points and the data that he 
requests is partially available from 
the original EMG reports. Case 1 had 
numerous positive sharp waves in 
both arms and in the paraspinal 
muscles. Occasional sharp waves were 
seen in the tibialis anterior and 
gastrocnemius muscles bilaterally. 
The motor and sensory nerve conduc- 
tion velocities and distal latencies 
were normal in the right median, 
ulnar and left tibial and peroneal 
nerves. Case 2 had normal motor and 
sensory conductions and normal distal 
latencies in the left median and ulnar 
nerves. Case 3 had positive sharp 
waves in the right triceps. The motor 
and sensory nerve conduction veloci- 
ties were normal. Case 4 had positive 
sharp waves in the left quadriceps, 
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with normal motor and sensory nerve 
conduction velocities and latencies. 

Unfortunately, no measurement of 
the F-wave response was performed 
on any of these four patients preoper- 
atively, although I agree that the data 
would have been useful for compari- 
son with the M-wave response. 

Davip L. Kaspon, MD 

Department of Neurosurgery 

Tufts New England Medical Center 

171 Harrison Ave 

Boston, MA 02111 


Recurrent Hypersomnia Secondary 
to Sleep Apnea 


To the Editor.-The recent clinical 
note by Spira and Scheinberg (Arch 
Neurol 34:513-514, 1977) in which they 
state that Pickwickian patients are not 
sleep-deprived but have a syndrome 
caused by hypoventilation and hyper- 
capnia perpetuates conflicting and 
ambiguous terminology used for the 
sleep-disordered, obese, "Pickwickian" 
group of patients. Pickwickian syn- 
drome should not be placed in contra- 
distinetion to other sleep-deprivation 
syndromes on the basis of a different 
etiology. The etiology of the so-called 
Pickwickian syndrome is, simply 
stated, unknown, and my experience, 
as well as that of others, suggests that 
upper airway obstruction and result- 
ing sleep deprivation does indeed play 
a pathogenetic role.'* 

The legitimate clinical entity is 
derived from the report by Burwell et 
al* of a case reminiscent of an adoles- 
cent boy in Dicken’s Pickwick Papers 
with obesity and somnolence, but the 
syndrome includes cyanosis, pulmo- 
nary hypertension, alveolar hypoven- 
tilation, and polycythemia. Pickwick- 
ian syndrome in the less strict sense is 
a description of a clinical association 
encompassing only obesity and hyper- 
somnolence with a variable amount of 
cardiopulmonary stress.** In neither 
ease does the term imply a specific 
etiology. Both the Burwell et al symp- 
tom complex and the more common 
Pickwickian syndrome should be con- 
sidered as varieties of a more general 
entity, that of hypersomnia with peri- 
odie breathing (HPB).'* 

When so classified, this group 
includes the Pickwickian syndrome, 
obesity-hypoventilation syndromes, '* 
hypersomnia with periodic apnea in 
micrognathia,** tonsillar hypertrophy 
syndromes leading to hypersomno- 
lence,*'^? nasopharyngeal obstructive 
syndromes," upper airway obstruc- 
tions in obesity,’ and cardiorespirato- 
ry syndromes of obesity, +" all of 
which implicate airway obstructive 


elements as leading to sleep depriva- 
tion and ensuing hypersomnolence. 
Spira and Scheinberg report a rare 
syndrome that, if viewed differently, 
can be seen as yet another manifesta- 
tion of HPB. 

The importance of recognizing that 
such HPB syndromes have an airway 
obstructive component is that the 
appropriate anatomic intervention, be 
it a change in sleep posture, weight 
reduction, tonsillectomy, adenoidecto- 
my, or tracheostomy, is a successful 
form of treatment.^ 7911.15.16 

K. KUBAN, MD 

Dept of Neurol 

Children's Hosp Med Center 
Boston, MA 02115 


l. Gastaut H, Tassinari CA, Duron B: Poly- 
graphic study of the episodic diurnal and noctur- 
nal (hypnic and respiratory) manifestations of the 
Pickwickian syndrome. Brain Res 2:167-186, 
1966. 

2. Lugaresi E, Tassinari CA, Duron B: Hyper- 
somnia with periodic breathing: Periodic apnea 
and alveolar hypoventilation during sleep. Bull 
Physiol Pathol Respir 8:1103-1113, 1972. 

3. Riley DJ, Santiago TV, Edelman NH: 
Complications of obesity-hypoventilation syn- 
drome in childhood. Am J Dis Child 130:671-674, 
1976. 

4. Sussman D, Podoshin L, Alroy G: The Pick- 
wickian syndrome with hypertrophy of tonsils: A 
reappraisal. Laryngoscope 85:565-569, 1975. 

5. Tammeling CJ, Blokzijl EG, Boonstra S, et 
al: Micrognathia, hypersomnia and periodic 
breathing. Bull Physiol Pathol Respir 8:1220- 
1238, 1972. 

6. Balero A, Alroy G: Hypoventilation in 
acquired micrognathia. Arch Intern Med 115:307- 
310, 1965. 

7. Walsh RE, Michaelson ED, Harkleroad LE, 
et al: Upper airway obstruction in obese patients | 
with sleep disturbance and somnolence. Ann 
Intern Med 76:185-192, 1972. 

8. Burwell CS, Robin ED, Whaley RD, et al: 
Extreme obesity associated with alveolar hypo- 
ventilation: A Pickwickian syndrome. Am J Med 
21:811-818, 1956. 

9. Simpser MD, Strieder DJ, Wohl ME, et al: 
Sleep apnea in a child with the Pickwickian 
syndrome. Pediatrics 60:290-293, 1977. 

10. Rochester DF, Enson Y: Current concepts 
in the pathogenesis of the obesity-hypo- 
ventilation syndrome. Am J Med 57:402-420, 
1974. 

11. Cayler GG, Johnson EE, Lewis BE, et al: 
Heart failure due to enlarged tonsils and 
adenoids. Am J Dis Child 118:708-717, 1959. 

12. Noonan JA: Reversible cor pulmonale due 
to hypertrophied tonsils and adenoids: Studies in 
two cases. Circulation 32(suppl 2):164, 1965. 

13. Luke MJ, Mehrizi A, Folger GM Jr, et al: 
Chronic nasopharyngeal obstruction as a cause of 
cardiomegaly, cor pulmonale and pulmonary 
edema. Pediatrics 37:762-768, 1966. 

14. Jenab M, Lade RJ, Chiga M, et al: Cardio- 
respiratory syndromes of obesity in a child. Pedi- 
atrics 24:23-30, 1959. 

15. Lillington GA, Anderson MW, Branden- 
burg RO: The cardiorespiratory syndrome of 
obesity. Dis Chest 32:1-20, 1957. 

16. Lugaresi E, Coccagna G, Mantovani M, et 
al: Effects of tracheostomy in two cases of hyper- 
somnia with periodie breathing. J Neurol Neuro- 
surg Psychiatry 36:15-26, 1973. 


In Reply.—Kuban’s letter focuses on 
the problem of nosologic semantics in 
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there are no reports of viral isolation 
from CNS tissue or CSF. Inclusion 
bodies have been observed in brain 
tissue in only one instance." 

Cases of fatal varicella in which 
there is widespread and overwhelm- 
ing infection by the varicella agent 
also fail to provide convincing proof of 
direct CNS invasion." An immune- 
mediated process in varicella-asso- 
ciated meningoencephalitis has been 
postulated, based on pathological sim- 
ilarities between some cases of vari- 
cella encephalomyelitis and animals 
with experimental allergic encephali- 
tis.” 

Griffith et al," in reviewing their 
varicella cases, stated that in virtually 
all instances one or another hallmark 
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6. Mrenova M, Albrecht P: Stabilization of 
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of immune-mediated postinfectious 
encephalomyelitis was lacking. 

The pathological picture in some 
documented cases of varicella-asso- 
ciated encephalitis showed compo- 
nents, such as perivascular infiltrates, 
inflammatory infiltration of the lep- 
tomeninges, inclusion bodies in brain 
tissue, which are compatible with a 
direct viral invasion.?'^ Therefore, 
evidence is lacking to postulate either 
a direct viral or an immune-mediated 
process as the single causal mecha- 
nism in varicella encephalitis or cere- 
bellar ataxia.’ 

To the best of our knowledge nei- 
ther the isolation of varicella-zoster 
virus nor the demonstration of vari- 
cella-zoster antigens in CSF cells in 
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Summary of Laboratory Data 


CSF Examination 


Lumbar 
Puncture 


Day 9* 
Day 8 


Case 1 
Case 2 


Protein, IgG, 
mg/100 mg/100 
ml ml 


Viral infection 
Nonspecific cell 





irritation 


*Day 1 = onset of rash. 


Skull roentgenograms and additional 
EEGs were obtained in both patients. 


REPORT OF CASES 


Case 1.—A 21-month-old boy developed a 
generalized vesicular exanthema, charac- 
teristic for chickenpox. The patient was 
afebrile. After three days the cutaneous 
lesions had predominantly reached the 
stage of encrustation. 

Five days after the appearance of the 
rash the parents noticed spontaneous 
tremor-like movements of head, trunk, and 
arms. The next day a rapid deterioration of 
gait was observed, progressing to complete 
inability to walk. On admission, eight days 
after the onset of the eruption, the boy was 
still afebrile. The skin showed widespread 
crusts. The patient was not able to stand or 
sit and was irritable and whimpering. The 
marked ataxic symptoms of trunk and 
extremities and the intermittent head 
tremor were not accompanied by other 
neurological abnormalities. Eight weeks 
after appearance of the rash the patient 
was asymptomatic. 

The CSF and virological investigations 
are summarized in the Table. On admission 
the complement-fixing titer against vari- 
cella-zoster virus had already reached a 
maximum level; no further rise could be 
observed. 

Immunofluorescence with antivaricella- 
zoster serum by the indirect method on 
CSF cells was positive, showing different 
stages of nuclear and cytoplasmic involve- 
ment. 

On cytologic examination the CSF 
showed a marked pleocytosis consisting of 
about equal numbers of monocytes and 
lymphocytes. A number of monocytes had 
cloverleaf-shaped metaplastic nuclei. 

The lymphoid cells showed polymor- 
phism and a remarkable basophilia of the 
cytoplasm. Some transitional forms to 
monocytes and plasma cells were seen. No 
macrophages were present. The metaspla- 
sia of the monocytes together with the 
polymorphism of the lymphoid cell series 
suggest a viral infection. 

Case 2.—Four days after the eruption of 
a generalized vesicular rash a 5-year-old 
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Complement-Fixing 
Titers for 
Varicella-Zoster 


Virological Studies 


Immunofluorescent Staining on 
CSF Cells for Virus 
Antigens Positive for 


Varicella-zoster 
Varicella-zoster 





Positive fluorescence in CSF cells with antivaricella-zoster serum by the indirect method 
showing different stages of nuclear and cytoplasmatic involvement in case 1 (fluorescein 
isothiocyanate, x 600). 


boy complained of headache, accompanied 
with vomiting, sleepiness, and a fever of 
1.6 °C; he was listless and irritable. The 
next day he developed a rapidly progress- 
ing gait disturbance, and his speech was 
noticed to be indistinct and slurred. 

On admission, seven days after appear- 
ance of the rash, the boy was afebrile. He 
was covered with crusts of various stages. 

The patient was noncooperative and 
whimpering. He was unable to sit, stand, or 
walk without support. A marked ataxia of 
trunk and extremities and a dysarthric 
speech completed the clinical picture. 

The CSF and virological studies are 
summarized in the table. On admission the 
complement-fixing titer against varicella- 
zoster virus had already reached a maxi- 
mum level; no further rise could be 
observed. . 

Indirect immunofluorescence on CSF 
cells with a specific antivaricella-zoster 
serum was positive. The insufficient quali- 
ty of the slide made for cytologic examina- 
tion of the CSF allowed only the conclusion 
of a nonspecific cell irritation. Results of 
routine laboratory tests were unremark- 
able. 

An EEG performed on the sixth day of 
admission was normal. The patient was 
discharged 21 days after appearance of the 
rash with only minimal impairment of 
coordination. 


COMMENT 


The diagnosis of varicella-asso- 
ciated cerebellar ataxia in both pa- 


tients was confirmed by the findings 
of very high titers of complement- 
fixing antibodies in paired sera. 

The moderate mononuclear CSF 
pleiocytosis, suggesting the presence 
of viral infection, was confirmed by 
cytologic examination and by immu- 
nofluorescent staining of CSF cells 
with a specific antivaricella-zoster 
serum that showed a strong, green 
fluorescence, indicating different 
stages of nuclear and cytoplasmatic 
involvement (Figure). Essential data 
are summarized in the Table. 

The causative agent in varicella 
(chickenpox) and herpes zoster (shin- 
gles) is identical: varicella-zoster vi- 
rus. Complications of the respective 
diseases as they affect the CNS are 
widely divergent.’ 

Pathogenesis in both types of CNS 
diseases is only partially known. In 
CNS disease complicating herpes zos- 
ter a direct viral invasion of the CNS 
is generally assumed.^'* Viral isola- 
tions from brain tissue and electron 
microscopic demonstration of inclu- 
sions and viral particles in neurons 
and glia have been documented.’ 

In herpes zoster-associated CNS 
diseases the virus has been detected in 
CSF'^* and in one case the varicella- 
zoster antigen has been shown in 
CSF." In CNS complicating varicella 
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Varicella and Acute Cerebellar Ataxia 


A. C. Boudewijn Peters, MD; Jan Versteeg, MD; Jan Lindeman, MD; Gerard T. A. M. Bots, MD 


* In two cases of varicella-associated 
cerebellar ataxia, varicella-zoster anti- 
gens in CSF cells were shown by an 
indirect immunofluorescent technique. 
Direct viral invasion in CNS disease 
complicating varicella plays an important 
part in pathogenesis and rules out a 
single immune-mediated mechanism. 

(Arch Neurol 35:769-771, 1978) 


NI complications are rel- 
atively rare in chickenpox. 
Acute cerebellar ataxia is the most 
frequent of neurological syndromes in 
these cases, especially in children.' No 
anatomicopathological correlates are 
available for this cerebellar syndrome 
since virtually all patients recover. 
Although an immune-mediated 
parainfectious or postinfectious pro- 
cess in varicella-associ ted cerebellar 
ataxia is assumed to |: operant, the 
inflammatory nature o. some cases of 
varicella meningoencephalitis makes 
a single causal mechanism doubtful. 
The demonstration of varicella- 
zoster virus antigen in the CSF of two 
patients with cerebellar ataxia may 
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contribute to the understanding of 
pathogenesis. 


MATERIALS AND METHODS 
Antisera 


Antiserum to varicella-zoster virus was 
prepared by immunizing three rabbits with 
purified viral antigen mixed with Freund’s 
complete adjuvant. The antigen used was 
prepared by alkaline extraction? of in- 
fected human diploid lung fibroblasts. To 
overcome nonspecific binding with human 
tissue in the indirect immunofluorescent 
test, the serum was adsorbed with liver 
powder and A,B, O, and Rh antigens from 
human blood. 

The specificity and activity of the pooled 
serum was tested on tissue culture. No 
fluorescence was observed in uninfected 
cell eultures. Neither was any fluorescence 
observed in slides from cases of aseptic 
meningitis of other cause, for example, 
coxsackie virus, echovirus, and mumps. 
Additional controls were performed ac- 
cording to Sternberger.* 

Antirabbit y-globulin was prepared by 
immunizing goats with purified rabbit y- 
globulin. The antibody titer and the speci- 
fieity of the reaction were tested in 
immunodiffusion plates. After conjugation 
with fluorescein isothiocyanate the sera 
were adsorbed with liver powder and 
lyophilized in 1-ml aliquots. 


CSF Cytology and Immuno- 
fluorescent Staining Techniques 


The CSF was obtained by lumbar punc- 
ture. The first 2 ml was used for routine 


investigations (blood cell count and differ- 
ential cell count, protein, glucose) by stan- 
dard laboratory procedures. 

The next milliliters were used for 
preparing slides by means of the Sayk 
sedimentation technique adapted by Bots 
et al One slide was stained with May- 
Grünwald-Giemsa for cytologic examina- 
tion. 

The remaining slides were air-dried, 
fixed in cold acetone, and used immediate- 
ly or stored at —20 °C. Slides were treated 
with antisera and control sera for 60 
minutes at 37 ?C, washed in buffered 
saline pH 7.2, and subsequently treated 
with antirabbit conjugate for 30 minutes. 
After washing in phosphate-buffered sa- 
line, a drop of tris-buffered glycerine pH 
9.95 was applied and the slide covered with 
a coverglass. 

Positive and negative control slides were 
included in the test. Fluorescence was 
viewed in dark-field, a high-pressure mer- 
cury lamp being used as a source of ultravi- 
olet light. 


Complement- 
Fixing Antibody Testing 


Paired serum samples were examined 
for complement-fixing antibodies against 
mumps, Sendai, coxsackie viruses A and B, 
echovirus, herpesvirus hominis, cytomega- 
lovirus, and varicella-zoster virus. 

Routine laboratory investigations in- 
cluded hemogram, complete blood cell 
count, urinalysis, and determinations of 
ESR, blood glucose, BUN, creatinine, 
caleium, phosphorus, uric acid, total protein 
and albumin, cholesterol, and alkaline 
phosphatase. 
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ranted examination of CSF, but who 
subsequently proved not to have 
meningitis or other recognizable ab- 
normality. Our results in this group 
are in general accord with those 
previously observed in normal infants, 
children, and adults, as shown in Table 
2. This compares the mean and stan- 
dard deviation of each amino acid in 
our three categories, considering the 
“febrile convulsion” group as normal, 
with each of four previously reported 
groups*** compiled by Gjessing et al.* 
There is considerable variation for 
certain amino acid levels in the four 
prior studies, which were predomi- 
nantly of adults. Levels of tyrosine 
and phenylalanine were substantially 
higher and lysine lower in our series 
than those previously reported. 

While the levels of most CSF amino 
acids were elevated in the acute stage 
of bacterial meningitis, we were 
unable to confirm the results of 
Buryakova and Sytinsky,* who showed 


1. Perry TL, Jones RT: The amino acid content 
of human cerebrospinal fluid in normal individu- 
als and in mental defectives. J Clin Invest 
40:1363-1372, 1961. 

2. Dickinson JC, Hamilton PB: The free amino 
acids of human spinal fluid determined by ion 
exchange chromatography. J Neurochem 13:1179- 
1187, 1966. 

3. Fisher RG, Pomeroy J, Henry JP: The free 
amino acids in human cerebrospinal fluid. Acta 
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Plasma amino acid levels in Huntington's chorea. 
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uniform presence of y-aminobutyric 
acid during the acute phase of illness 
in CSF of patients with bacterial and 
severe nonbacterial meningitis, and 
its absence in normal fluid, and during 
the recuperative phase of meningitis. 
That report was limited to y-aminobu- 
tyric acid, glutamine, and glutamic 
acid. 

The reason for CSF elevations of 
most amino acids during the acute 
phase of bacterial meningitis is not 
clear. This may be secondary to alter- 
ations in brain metabolism, changes in 
kineties of formation of CSF at cho- 
roidal and extrachoroidal sites, altera- 
tions in removal of amino acids (some 
to a greater extent than others) by 
active transport mechanisms, or a 
combination of factors. Fischer et al” 


-have suggested that the levels of 


amino acids in plasma may affect 


brain amino acid concentrations, pos- . 


sibly because of competition for trans- 
port. 
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The fact that newborn infants 
whom we studied had increased CSF 
concentrations of most amino acids 
cannot be explained by recent oral or 
parenteral intake of proteins or amino 
acids. It is possible that this finding 
was due to a developmental lag in the 
maturation of mechanisms for active 
transport of amino acids out of CSF. 
It is interesting that glutamine levels 
in each of the three groups in our 
study are similar to those of Zacarias 
et al who found comparable concen- 
trations in premature infants and a 
control group of older children. Mean 
values are about 10 mg/dl with a 
similar range in each of the five 
groups. 

Measurements of CSF amino acid 
levels may prove to be of clinical value 
in assessing the severity of bacterial 
meningitis and response to treatment. 
Further studies, both in humans and 
experimental animals, are necessary 
to clarify these points. 
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Table 2.—Comparison of Free Amino Acid Levels in CSF in Four Previous Studies and Present Study* 


Present Study 


Febrile 
Convulsion 


Newborn 
Infants 


Bacterial 
Dickinson & Meningitis 


Hamilton? (18) 


Gjessing Van Sande 


et al* (19) 


Perry 


Amino Acid et al* (10) 


Taurine 
Phosphoethanolamine 
Aspartic acid 
Threonine 

Scrine 


Asparagine 
Glutamic acid 
Glutamine 
Proline 
Glycine 
Alanine 
Citrulline 
a-aminobutyric acid 
Valine 
Cystine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Tryptophan 
Ethanolamine 
Ornithine 

21.7 + 37 
Histridine 
Homocarnosine 
Arginine 


46.0 + 10.7 


10.6 


631 + 649 


12.0 + 4.9 
24.5 + 20.4 





*Results (means and SD) are expressed in micromoles per liter; trace = Tr. 


fThe unusually high standard deviations obtained for bacterial menin 


justified in discarding this case because of the small size of our population. 


premature (34 weeks' gestation). All of 
these infants were suspected of having 
systemic bacterial infection, but all CSF 
samples were free of WBCs and were 
sterile. At the time of lumbar puncture all 
of these infants were receiving only intra- 
venous glucose and electrolyte solution. 
Blood cultures obtained from these infants 
were also sterile. Protein concentrations 
ranged from 16 to 70 mg/dl, with a median 
of 34 mg/dl. One specimen was obtained 
from midnight to 6 AM, one from 6 AM to 
noon, five from noon to 6 PM, and one from 
6 PM to midnight. 


Methodology 


The CSF samples were collected in ster- 
ile tubes, and, when possible, promptly 
deproteinized. If immediate deproteiniza- 
tion was not feasible, samples were stored 
at —20 °C for periods of up to one week. 

One volume of 50% sulfosalicylic acid 
solution was added to 10 volumes CSF. This 
was then stirred for five minutes, and 
centrifuged at 14,000 g for 15 minutes. 
Then 0.2 ml of 4% lithium hydroxide mono- 
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hydrate solution was added to 1 ml of the 
deproteinized fluid, which was centrifuged 
for 10 minutes at 14,000 g. If not immedi- 
ately analyzed, the supernatant fluid was 
frozen at —70 °C for up to two months. 

Then 80 ul of this supernatant fluid was 
analyzed chromatographically on an amino 
acid autoanalyzer, using a single-column 
technique with lithium citrate buffers.* 

The precision of the technique was 
assessed using the coefficient of variation 
(SD/mean] x100). This did not exceed 
1075 for all of the amino acids studied, 
except for taurine (209) and cystine 
(30%). 

Comparison of differences between 
study groups was carried out using the 
two-sample ranks test of Wilcoxon and 
White.'^ 


RESULTS 


The medians and ranges for CSF 
amino acid concentrations are shown 
in Table 1, as are tests of statistical 
significance. The means and standard 
deviations are shown in Table 2, along 


et al^ (13) (16) (9) (8) 


108.7 + 124.41 
LEETE 
12.7 + 10.8 
55.3 + 33.8 
59.9 + 47.7 


17.3 x 5,7 


20.7 + 10.6 
40.5 + 38.5 
606.1 + 255.8 
29.0 + 34.8 
34.3 + 39.5 
95.2 + 75.2 


+ 14.3 
+ 


708.0 + 246.3 
6.7 + 1.7 


56.3 + 48.0 


22.1 + 33.0 
49.5 + 72.0 
28.6 + 23.9 
45.4 + 37.7 


29.7 + 50.6 





gitis group were due to results obtained on one of the nine subjects. We did not feel 


with values of five previous investiga- 
tions of CSF in normal subjects, main- 
ly adults. For the large majority of 
amino acids, levels were significantly 
higher in neonates and in bacterial 
meningitis than they were in patients 
with febrile convulsions. 

Proline, present in only 1 out of 16 
samples of CSF from patients with 
febrile convulsions, was present in 7 
out of 8 specimens from neonates and 
8 out of 9 from patients with bacterial 
meningitis. 

Gamma-aminobutyrate could be de- 
tected in CSF from two patients with 
bacterial meningitis, five with febrile 
convulsions, and two of the neonates. 


COMMENT 


Since lumbar puncture cannot be 
justified in normal infants and chil- 
dren, we have had to base our “nor- 
mal” values on samples obtained from 
patients whose clinical condition war- 


Amino Acid Concentrations—Heiblim et al 767 


CAFERGOT P-B 
tablets do more than 
ergotamine alone 






e with caffeine detectable plasma levels of 
ingested ergotamine reached twice as fast 
and higher peak plasma levels achieved! 

e more complete, efficient absorption of 
ingested ergotamine'? | 

e synergistic vasoconstriction? 


e belladonna alkaloids help control the nausea 
and vomiting common in migraine? 
ee e pentobarbital relieves the tension found in 
ae | most migraine patients 





in migraine complicated by 
tension and GI disturbances 


CAFERGOT P-B 


TABLETS: Gynergen® (ergotamine tartrate, USP) 1 mg; caffeine, 
USP, 100 mg; Bellafoline® (levorotatory alkaloids of belladonna, 
as malates) 0.125 mg; sodium pentobarbital, USP (Warning: May 
be habit forming) 30 mg. 


SUPPOSITORIES: Gynergen" (ergotamine tartrate, USP) 2 mg; 
caffeine, USP. 100 mg; Bellafoline* (levorotatory alkaloids of 
belladonna, as malates) 0.25 mg; pentobarbital, NF (Warning: May 
be habit forming) 60 mg; inactive ingredients: tartaric acid, NF, 
malic acid, lactose, USP, and theobroma oil, USP 


Contraindications: Peripheral vascular disease, coronary heart disease, hyper- 
tension, impaired hepatic or renal function, sepsis, and pregnancy. Hypersensi- 
tivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop even after 
long term intermittent use of the orally or rectally administered drugs, care should 
be exercised to remain within the limits of recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle pains in 
the extremities, weakness in the legs, precordial distress and pain, transient 
tachycardia or bradycardia, nausea, vomiting, localized edema, and itching. 
Drowsiness may occur with Cafergot P-B. 


Adult Dosage: Ora//y— Two tablets at first sign of attack; if needed, 1 additional 
tablet every half hour until relieved (maximum, 6 per attack or 10 per week). 
Rectally — One suppository as early as possible in attack; second in 1 hour, if 
needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and cyanosis 
of the extremities associated with diminished or absent peripheral pulses; hyper- 


| 4. Schmidt R, Fanchamps A: Effect of caffeine on intestin 


absorption of ergotamine in man. Eur J Clin Pharmacol 
7:213, 1974. 

2. Friedman AP: Chronic recurring headache: Principles of 
management and specific treatment. Primary Care 7:487, 
Sept 1974. 

3. Brazeau P: Oxytocics: Oxytocin, prostaglandins, and ergot 
alkaloids, in Goodman LS, Gilman A (eds): The Pharmaco- 
logical Basis of Therapeutics, ed 5. New York, Macmillan 
Publishing Co, Inc, 1975, pp 867-880. 

4. Ryan RE: Cafergot-PB: A new oral preparation to abort 
migraine attacks. Clin Med 3:831, Sept 1956. 


©1978 Sandoz, Inc 





tension or hypotension; drowsiness, stupor, coma, convulsions and shock. 

A case has been reported of reversible bilateral papillitis with ring scotomata in a 
patient who received five times the recommended daily adult dose over a period 

of 14 days. Treatment consists of induction of emesis, gastric lavage, and 
catharsis; maintenance of adequate pulmonary ventilation; correction of hypo- 
tension: and control of convulsions. Treatment of peripheral vasospasm should 
consist of warmth, but not heat, and protection of the ischemic limbs. Vasodilators 
may be used with benefit but caution must be exercised to avoid aggravating an 
already existent hypotension. A 


Before prescribing, see package insert 
for full product information. Á 
F 


SANDOZ PHARMACEUTICALS, EAST HANOVER, N.J. 07936 SANDOZ 


CAA 
SAN 


Published by the American Medical Association December 1978 
| Volume 35, Number 12 
INDEX ISSUE 


Dos. 








archives of 
A Neurological Model for Childhood Autism ............................. P E R ENN A. R. Damasio, R. G. Maurer 777 


Treatment of Parkinsonism With N-n-Propyl Norapomorphine and Levodopa (With or Without Carbidopa) 
P. S. Papavasiliou, G. C. Cotzias, V. L. F. Rosal, S. T. Miller 787 


Familial Juvenile Neuronal Storage Disease ........................... eem Y. Itoyama, |. Goto, Y. Kuroiwa, 
M. Takeichi, M. Kawabuchi, Y. Tanaka 792 


Reincarnation in Cultured Muscle of Mitochondrial Abnormalities .................................. V. Askanas, W. K. Engel, 
D. E. Britton, B. T. Adornato, R. M. Eiben 801 


r Effect of an Opiate Antagonist on Movement Disorders.........................eeeRRe J. G. Nutt, A. J. Rosin, 
T. Eisler, D. B. Calne, T. N. Chase 810 


L REEE O ESA E E I E A E E AA A. M. Galaburda, F. Sanides, N. Geschwind 812 


Presenile Dementia With Lewy Bodies and Neurofibrillary Tangles........................... L. S. Forno, 
| P. J. Barbour, R. L. Norville 818 


Muscle Fiber-Type Disproportion ...................ceccccosccsscsonscossseccsscescescensccsenenssoscnae T. Eisler, J. H. Wilson 823 


Familial and Acquired Paroxysmal Dyskinesias ............................ D. J. Goodenough, R. G. Fariello, 
B. L. Annis, R. W. M. Chun 827 


Clinical and Computerized Tomographic Study of Hypertensive Intracerebral Hemorrhage 
W. S. Wiggins, D. M. Moody, J. F. Toole, D. W. Laster, M. R. Ball 832 


Electrical Correlates of Normal Binocular Vision 
C. Ellenberger, Jr, D. E. Shuttlesworth 834 


Neuroanatomical and Electroencephalographic Correlations in 
Sanfilippo Syndrome, Type A...................... R. L. Kriel, W. A. Hauser, 
| J. H. Sung, Z. Posalaky 838 





t 
Meningeal Sarcoma of the Spinal Cord in a Newborn 
F F. L. Zwartverwer, A. M. Kaplan, M. C. Hart, G. A. Hertel, J. Spataro 844 Y 
ZN 
MI 


"a m 











After the 
migraine 
alarm... 








every 
second 









Fast Disintegration: Taken at the first symptom 


of migraine, Wigraine tablets disintegrate 7 to 70 times faster 
than other migraine preparations.* A patented microgranula- 
tion process "bursts" the tablets apart so that digestive juices 
have unhindered access to the active ingredients— providing 


quick-release medication P Time for 
e to halt throbbing head pain before it takes hold Relief 
eto ease the nausea and "sickness" of migraine attacks 
eto relieve pain from sustained contraction of head and TE i 
An early stage in the migraine episode—constricted cerebral 


neck muscles i | 
Tn arteries impair blood flow and evoke the warning aura. Taken 
e io allay the feelings of hopelessness in many migraine now, Wigraine can often abort the attack before the onset of 
patients painful headache. 


e to rebuild the patients confidence in therapy Wigraine Timed 


Each Wigraine tablet and rectal suppository contains ergotamine tartrate, 1.0 mg; caffeine, 
100.0 mg; belladonna alkaloids (levorotatory), representing 87.5% hyoscyamine and 12.5% 
atropine as sulfates, 0.1 mg and phenacetin, 130.0 mg 


PRECAUTIONS: Dosage of either tablets or suppositories singly or in combination should 
not exceed a total of 12 during any seven-day period. Although rare, ergotamine is capable 
of producing all the symptoms of ergotism. CONTRAINDICATIONS: Peripheral vascular or 
coronary disease, angina pectoris, hypertension, renal or hepatic dysfunction, pregnancy, 





septic states, incipient glaucoma. SUPPLIED: Tablets—individually foil-wrapped in boxes of Actual photos show total disintegration of Wigraine tablet in 
20 or 100. Suppositories—individually foil-wrapped in boxes of 12 digestive juice in only 18 seconds (range 8"-32"; average 18").* 
LE. x Organon Pharmaceuticals In the same test, other well-known migraine tablets take as long 
Qe A Division of Organon Inc. as 24 minutes and more. 
-— West Orange, N.J. O7052 


*Tested in USP disintegration apparatus. Data on file, Research Department, Organon Inc 
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Add flexibility to dosage titration 


Long term treatment of depression with amitriptyline 
requires precise calculation of dosage to meet the individual 
needs of each patient. Because all six strengths of Endep 

are scored, you can easily increase or decrease dosage in half- 
tablet steps, without the bother and expense of a new 
prescription. 
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Subtract waste and cost 


Scored Endep tablets permit you to adjust the regimen 
without wasting unused tablets or burdening the patient 
with the cost of a new prescription. 
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Multiply therapeutic options 


The pharmacokinetic properties of Endep are such that its 
clinical effect is the same whether prescribed t.i.d. or asa 
single daily dose. Thus, once you have established the proper 
dosage, you can prescribe the entire dose h.s., minimizing 
anticholinergic and sedative side effects, and helping to 
assure patient compliance with this simple regimen. 

By prescribing the higher strength tablets h.s. — 
secure in the knowledge that the dosage can be adjusted 
without resorting to a new prescription —your patient will 
economize further on a per milligram basis. 
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Endep 
amitriptyline HCl/Roche 


Before prescribing, please consult complete 
pacan information, a summary of which 
ollows: 
Contraindications: Known hypersensitivity. 
Do not use with monoamine oxidase (MAO) 
inhibitors or within at least 14 days following 
discontinuation of MAO inhibitors since 
hyperpyretic crises, severe convulsions and 
deaths have occurred with concomitant use; 
then initiate cautiously, gradually increasing 
dosage until optimal response is achieved. Use 
not recommended during acute recovery phase 
after myocardial infarction. 
Warnings: May block action of guanethidine 
or similar antihypertensives. Use with caution 
in patients with history of seizures, urinary 
retention, angle-closure glaucoma, increased 
intraocular pressure. Closely supervise cardio- 
vascular patients, hyperthyroid patients and 
those receiving thyroid medications. (Arrhyth- 
mias, sinus tachycardia and prolongation 
of conduction time reported with use of tri- 
cyclic antidepressants, including amitriptyline 
DL aep in high doses. Nvosardial in- 
farction and stroke reported with use of this 
class of drugs.) May impair alertness; warn 
against hazardous occupations or driving a 
motor vehicle during therapy. Weigh possible 
benefits against hazards during pregnancy, 
the nursing period and in women i child- 
bearing potential. Not recommended in chil- 
dren under 12. 
Precautions: May exaggerate symptoms in 
schizophrenic and paranoid patients, or shift 
manic-depressives to manic stage; reduce dose 
or administer major tranquilizer concomi- 
tantly. Close supervision and careful dose 
adjustments required when given with anti- 
cholinergic or sympathomimetic agents. Exer- 
cise care in patients receiving large doses of 
ethchlorvynol; transient delirium reported 
with concomitant administration. y en- 
hance effects of alcohol, barbiturates and other 
CNS depressants. Because of the possibility of 
suicide in depressed patients, do not permit 
easy access to large drug quantities in these 
patients. Because it may increase hazards of 
electroshock therapy, limit concomitant use to 
essential treatment. If possible, discontinue 
drug several days before elective surgery. Both 
elevation and lowering of blood sugar levels 
have been reported. 
Adverse Reactions: Note: This list includes a 
few adverse reactions not reported with this 
specific drug but requiring consideration 
because of similarities of tricyclic antidepres- 
sants. Cardiovascular: Hypotension, hyper- 
tension, tachycardia, palpitation, myocardial 
infarction, arrhythmias, Mert block, stroke. 
CNS and Neuromuscular: Confusional states; 
disturbed concentration; disorientation; de- 
lusions; hallucinations; excitement; anxiety; 
restlessness; insomnia; nightmares; numbness, 
tingling and paresthesias of the extremities; 
peripheral neuropathy; incoordination; ataxia; 
tremors; seizures; alteration in EEG patterns; 
extrapyramidal symptoms; tinnitus. Anti- 
cholinergic: Dry mouth, blurred vision, dis- 
turbance of accommodation, constipation, 
paralytic ileus, urinary retention, dilatation of 
urinary tract. Allergic: Skin rash, urticaria, 
photosensitization, edema of face and tongue. 
Hematologic: Bone marrow depression includ- 
ing agranulocytosis, eosinophilia, purpura, 
thrombocytopenia. Gastrointestinal: Nausea, 
epigastric distress, vomiting, anorexia, stoma- 
titis, peculiar taste, diarrhea, parotid swelling, 
black tongue. Endocrine: Testicular swelling 
and gynecomastia in the male, breast enlarge- 
ment and galactorrhea in the female, increased 
or decreased libido, elevation and lowering of 
blood sugar levels. Other: Dizziness, weak- 
ness, roii at headache, weight gain or loss, 
increased perspiration, urinary frequency, 
mydriasis, drowsiness, jaundice, alopecia. 
Withdrawal Symptoms: Abrupt cessation of 
treatment after prolonged administration may 
produce nausea, headache and malaise. These 
are not indicative of addiction. 
Supplied: Scored Tablets: 10, 25, 50, 75, 100, 
150 mg. 
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Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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(bromocriptine mesylate) 


TABLETS, 2.5 mg. 


The first clinically useful 
dopamine receptor agonist 











Dosage and Administration * For further details, including information on 

e Start with one 2.5-mg tablet with the evening contraception and pregnancy tests, please see 
meal for three days; increase to one tablet with Brief Summary. 
food in the morning and in the evening on the Contraindications: Sensitivity to any ergot alkaloids. 


: j blet Warnings: Since hyperprolactinemia with amenorrhea/galactorrhea has 
fourth day. The therapeutic dosage is one ta been found in patients with pituitary tumors (Forbes. Albright syn. 


two or three times daily with meals. drome), a complete evaluation of the sella turcica is advisable before 
. treatment with Parlodel® (bromocriptine mesylate). Although Parlodel 
e If adverse effects occur, temporarily reduce therapy will effectively lower plasma levels of prolactin in patients with 
dosage. pituitary tumors, this does not obviate the necessity of radiotherapy or 
: 3 surgical procedures where appropriate. If pregnancy occurs, treatment 
e Duration of treatment should not exceed six should be discontinued immediately; safe use has not been dem- 


months onstrated in pregnancy. Should not be administered to nursing mothers. 
: Safety and efficacy have not been established in children under age 15. 

Although the incidence of congenital malformations and spontaneous 

1 If pregnancy occurs, treatment should be abortions reported in human studies does not exceed that generally re- 
discontinued immediately. ported for such occurrences in the population at large, the total number 


mimics the action of dopamine at the receptor s 
e potent inhibitor of prolactin secretion 
e indicated in amenorrhea/galactorrhea associat 


with hyperprolactinemia* 


Clinical effectiveness in amenorrhea/galactorrhea 
associated with hyperprolactinemia* 


Parlodel therapy was studied in 210 patients 
with amenorrhea/galactorrhea associated with 
k hyperprolactinemia* of whom 187 were evaluated 
| for efficacy. In light of the usual findings with 
previously available therapies, the response to 
Parlodel® (bromocriptine mesylate) was 
impressive. 


e CLINICAL IMPROVEMENT IN AMENORRHEA 
Reinitiation of menses (or pregnancy without 
first having menses!) was reported by 80% of 
187 patients after an average treatment time of 
5.7 weeks. 


e CLINICAL IMPROVEMENT IN GALACTORRHEA 
7696 of 187 patients experienced clinically signifi- 
cant —75% or greater — reduction in galactorrhea, 
and 5896 experienced complete cessation of milk 
secretion. The treatment time required for 7576 
reduction was 6.4 weeks, and that for complete 
cessation was 12.7 weeks. 


©1978 Sandoz. Inc 


e OVERALL CLINICAL EFFECI 
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e CORRELATION OF CLINICAI 


WITH REDUCTION IN PROL 
Improvement markedly corre 
in serum prolactin levels. Max 
prolactin levels was achieved 
weeks of therapy, and reduce: 
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of pregnancies reported is an insufficient sample in which to detect any 
given birth defect; extrapolation of these data to a greater patient popu- 
lation would be statistically invalid. 

Precautions: Since treatment may result in restoration of fertility, pa- 
tients should be required to use contraceptive measures, other than the 
oral contraceptives, during treatment; however, since patients often 
ignore this recommendation and since pregnancy may occur prior to 
reinitiation of menses, as an additional precaution, a pregnancy test is 
recommended at least every four weeks during the amenorrheic period 
and, once menses are reinitiated, every time a patient misses a men- 
strual period. Parlodel® (bromocriptine mesylate) therapy has been 
demonstrated to be effective in the short-term management of 
amenorrhea/galactorrhea only. Data are not available on the safety or 
effectiveness of its use in long-term continuous dosage, or in patients 


tinued in approximately 6% of patients E 
These in decreasing order of frequency a 
18%, dizziness 16%, fatigue 8%, abdon 
edness 695, vomiting 596, nasal congest 
diarrhea 396. A slight hypotensive effect 
(bromocriptine mesylate) treatment. The 
tions may be lessened by temporarily rec 
two to three times daily. 

Dosage and Administration: The therape 
let, two or three times daily, with meals. 
not exceed six months. It is recommendt 
with one tablet daily, increasing to a ther 
week, to reduce the possibility of advers: 
How Supplied: Tablets, 2.5 mg, in pack: 


given repeated courses of treatment following recurrence of amenorrhea/ 


galactorrhea after initial treatment. Recurrence rates are reportedly 
very high, ranging from 7096 to 80% in domestic and foreign studies. 


Adverse Reactions: The incidence of adverse effects is quite high (6876 
but these are generally mild to moderate in degree. Therapy was discon- 


Before prescribing or administering, see 
full product information. 
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'omputerized transaxial tomography (CT scan) is an important new noninvasive technique 
hat can help in determining the etiology of epileptic seizures. Shown here is a single slice 
rom a color-enhanced CT scan of the brain of a patient with epilepsy. The absence of vascula 





A proven way 
to start seizure control 


MYSOLINE 


(primidone) 23303523", 
A single entity with multiple 
anticonvulsant properties 


Primidone itself has anticonvulsant activity. In addition, its major metabolite, 
phenylethylmalonamide (PEMA), exerts an anticonvulsant effect of its own 
and also enhances the anticonvulsant action of the second metabolite. pheno- 
barbital. In patients refractory to phenytoin and phenobarbital, primidone 
may prove effective as the sole therapy.! 





Multiple indications—grand mal, 
psychomotor, and focal epileptic seizures 


In grand mal, MYSOLINE is comparable in efficacy to phenytoin and 
phenobarbital.’ ° In psychomotor seizures, phenobarbital is rarely effective. ! 
In focal seizures, phenytoin used alone is not indicated^— and, according to 
Forster? MYSOLINE is markedly more effective than phenobarbital, which 
should dispel the misconception that MYSOLINE is “just a phenobarbital.” 
(See chart below.) 














Agent Grand Mal Psychomotor Focal 
Efficacy ratings* Mysoline LT LL ++++ 
of anticonvulsants are ae MEG. E E PESEDUREONA h 
i í ydantoinates 
in epilepsy isheabiois) i: T + j +++ * + + 
Barbiturates 
(phenobarbital) TR pie wie Pe 





* Relative effectiveness, 4- - - 4 being most effective 
Adapted from Forster. F M.3 


Consider it first for major motor epilepsies 


MYSOLIN E. (primidone) 


See next page for Brief Summary and references. 
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Start seizure control with - 


MYSOLINE ciao 





Initial dose in children over 8 years of age 
and adults: 250 ma daily at bedtime 


BRIEF SUMMARY 

(For full prescribing information. see package circular.) 
MYSOLINE* 

Brand of PRIMIDONE Anticonvulsant 


ACTIONS: MYSOLINE raises electro- or chemo- 
shock seizure thresholds or alters seizure patterns in 
experimental animals. The mechanism(s) of 
primidone's antiepileptic action is not known. 


Primidone per se has anticonvulsant activity as do its 
two metabolites. phenobarbital and phenylethylmal- 
onamide (PEMA). In addition to its anticonvulsant 
activity, PEMA potentiates that of phenobarbital in 
experimental animals. 


INDICATIONS: MYSOLINE, either alone or used 
concomitantly with other anticonvulsants, is indicated 
in the control of grand mal. psychomotor. and focal 
epileptic seizures. It may control grand mal seizures 
refractory to other anticonvulsant therapy. 


CONTRAINDICATIONS: Primidone is contraindi- 
cated in: 1) patients with porphyria and 2) patients who 
are hypersensitive to phenobarbital (see ACTIONS). 


WARNINGS: The abrupt withdrawal of antiepileptic 
medication may precipitate status epilepticus. 


The therapeutic efficacy of a dosage regimen takes 
several weeks before it can be assessed. 


Usage in pregnancy: The effects of MYSOLINE in 
human pregnancy and nursing infants are unknown. 


Recent reports suggest an association between the use 
of anticonvulsant drugs by women with epilepsy and 
an elevated incidence of birth defects in children born 
to these women. Data are more extensive with respect 
to diphenylhydantoin and phenobarbital. but these are 
also the most commonly prescribed anticonvulsants; 
less systematic or anecdotal reports suggest a possible 
similar association with the use of all known anticon- 
vulsant drugs. 


The reports suggesting an elevated incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodologic problems in obtaining adequate data on 
drug teratogenicity in humans: the possibility also 
exists that other factors. e.g.. genetic factors or the 
epileptic condition itself. may be more important than 
drug therapy in leading to birth defects. The great 
majority of mothers on anticonvulsant medication de- 
liver normal infants. It is important to note that anticon- 
vulsant drugs should not be discontinued in patients in 
whom the drug is administered to prevent major sei- 
zures because of the strong possibility of precipitating 
status epilepticus with attendant hypoxia and threat to 
life. In individual cases where the severity and fre- 
quency of the seizure disorder are such that the re- 
moval of medication does not pose a serious threat to 
the patient, discontinuation of the drug may be consid- 
ered prior to and during pregnancy. although it cannot 
be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or 
fetus. 


The prescribing physician will wish to weigh these con- 
siderations in treating or counseling epileptic women of 
childbearing potential. 


Neonatal hemorrhage. with a coagulation defect re- 
sembling vitamin K deficiency. has been described in 
newborns whose mothers were taking primidone and 
other anticonvulsants. Pregnant women under anti- 
convulsant therapy should receive prophylactic vita- 
min K, therapy for one month prior to, and during, 
delivery. 

PRECAUTIONS: The total daily dosage should not 
exceed 2 g. Since MYSOLINE therapy generally ex- 
tends over prolonged periods, a complete blood count 
and a sequential multiple analysis-12 (SMA-12) test 
should be made every six months. 


In nursing mothers: There is evidence that in mothers 
treated with primidone, the drug appears in the milk in 


substantial quantities. Since tests for the presence of 
primidone in biological fluids are too complex to be 
carried out in the average clinical laboratory. it is 
suggested that the presence of undue somnolence and 
drowsiness in nursing newborns of MYSOLINE- 
treated mothers be taken as an indication that nursing 
should be discontinued. 


ADVERSE REACTIONS: The most frequently oc- 
curring early side effects are ataxia and vertigo. These 
tend to disappear with continued therapy. or with re- 
duction of initial dosage. Occasionally. the following 
have been reported: nausea. anorexia, vomiting. 
fatigue, hyperirritability, emotional disturbances, sex- 
ual impotency. diplopia. nystagmus. drowsiness, and 
morbilliform skin eruptions. Occasionally, persistent or 
severe side effects may necessitate withdrawal of the 
drug. Megaloblastic anemia may occur as a rare 
idiosyncrasy to MYSOLINE and to other anticonvul- 
sants. The anemia responds to folic acid without neces- 
sity of discontinuing medication. 


DOSAGE AND ADMINISTRATION: The average 
adult dose is 0.75 to 1.5 g per day. The initial dose is 
250 mg. Increments of 250 mg are added, usually at 
weekly intervals, to tolerance. or therapeutic effective- 
ness, up to daily doses not exceeding 2.0 g. A typical 
dosage schedule for the introduction of MYSOLINE is 
as follows: 


Adults and Children Over 8 Years of Age 


Ist Week 2nd Week 

250 mg daily at bedtime 250 mg b.i.d. 
3rd Week 4th Week 

250 mg t.i.d. 250 mg q.i.d. 





In children under 8 years of age. maintenance levels 
are established by a similar schedule. but at one-half 
the adult dosage. It is best to begin with 125 mg. with 
gradual weekly increases of 125 mg a day. to a daily 
total usually between 500 mg and 750 mg. 


In patients already receiving other anticonvulsants: 
MYSOLINE should be gradually increased as dosage 
of the other drug(s) is maintained or gradually de- 
creased. This regimen should be continued until satis- 
factory dosage level is achieved for combination, or the 
other medication is completely withdrawn. When 
therapy with this product alone is the objective. the 
transition should not be completed in less than two 
weeks. 


MYSOLINE 50 mg Tablet can be used to practical 
advantage when small fractional adjustments (upward 
or downward) may be required. as in the following 
circumstances: for initiation of combination therapy: 
during “transfer” therapy: for added protection in 
periods of stress or stressful situations that are likely to 
precipitate seizures (menstruation, allergic episodes. 
holidays. etc.). 


HOW SUPPLIED: MYSOLINE Tablets—No. 430 
—Each tablet contains 250 mg of primidone (scored), 
in bottles of 100 and 1,000. Also in unit dose package 
of 100. No. 431—Each tablet contains 50 mg of 
primidone (scored), in bottles of 100 and 500. 
MYSOLINE Suspension—No. 3850—Each 5 ml 
(teaspoonful) contains 250 mg of primidone, in bottles 
of 8 fluidounces. 


References: 1. Woodbury. D. M.. and Fingl, E.. in 


Goodman. L. S.. and Gilman. A. (eds.): The Phar- 


macological Basis of Therapeutics, ed. 5. New York. 
Macmillan Publishing Co., Inc., 1975. p. 222. 
2. Rodin, E.. in Conn, H. F (ed.): Current Therapy 
1977. Philadelphia, W. B. Saunders Company, 1977. 
p. 716. 3. Forster. E. M.: Med. Clin. North Am. 47:1579 
(Nov.) 1970. 4. Physicians Desk Reference. ed. 3l. 
Oradell, N.J.. Medical Economics Co.. 1977, p. 1175. 


Ayerst. Ayerst Laboratories 


New York, N.Y. 10017 
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$pend just 30 
minutes a week 
with American 
Medical News 








With a heavy patient load and the paperwork 
and the scientific reading you have to do, 
you don't have the time to sift through a lot 
of different publications to find out what's 
happening in the practice of medicine. 


One publication gives you all the news you 
need to know: American Medical News! It's 
designed and edited for the busy 
practitioner. Every week American Medical 
News wraps up all the news in medicine 

in a package that is fast paced, easy 

to read, accurate, and thought provoking. 


American Medical News is must reading 
because you need to keep up-to-date on 
those developments that could affect the 
way you practice medicine. And no other 
publication can match it for timely, 
comprehensive coverage of the news. 


Give American Medical News just 30 
minutes a week; it will give you all the news 
you need to know on what's happening in 
the practice of medicine. 


is can tota 
th ill have ck next 


state Mu 
: yrive Vice 


Keeping your finger 
onthe pulse of medicine 
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| DIRECTOR, STROKE 
AND TRAUMA PROGRAM 


The National Institute of Neurological and Communicative Disorders 
and Stroke (NINCDS), National Institutes of Health, Public Health 
Service, invites nominations and applications for the position of Director, 
Stroke and Trauma Program. This program is responsible for the planning 
and operation of a national research effort in the areas of stroke, 
cerebrovascular disorders, central nervous system trauma, and central 
nervous system neoplasms. Through maintaining surveillance over 
development in pertinent categorical areas, assesses the need for further 
research and training and prepares analyses of national and international 
research efforts to help in program emphasis. Coordinates NINCDS 
activities with outside lay and professional organizations in order to 
meet the needs and requirements for research in the program. The 
Director serves as one of the principal staff advisors to the Director, 
NINCDS, and participates in the functions of the executive staff for 
planning and policy formulation for the Institute. 

Candidates must possess a doctoral level degree or the equivalent in 
either medicine or a neurological science with 3 to 5 years of experience, 
at least one year of which must have been equivalent to the GS-15 level. 
In addition, applicants must have both research and clinical experience 
in one or more of the areas of cerebrovascular disorders, system trauma, 
central nervous system regeneration or central nervous system neoplasms; 
and demonstrated managerial abilities in assessing progress towards 
program objectives (both scientific and administrative, including equal 
employment opportunity objectives), and in the analyses and evaluation 
of program objectives. It is desirable that candidates have evidence of 
substantial scholarly achievement and professional stature; managerial 
skills, 1.e., demonstrated ability to lead a nationally based health research 
program; extensive training and education; and awards and participation 
in pertinent outside activities. 

This position may be filled in either the career Civil Service (subject to 
the approval of the U.S. Civil Service Commission) or the Commissioned 
Corps of the U.S. Public Health Service with salary range between 
$36,000 and $47,500 per annum. Salary negotiable depending on length 
and breadth of experience. 

Letters of interest, curriculum vitae, bibliography, SF-171 (Personal 
Qualifications Statement) and evaluations of performance speaking to 
the qualifications of the position should be sent by January 30, 1979 to: 
Dr. Murray Goldstein, Deputy Director for Neurological Sciences. 
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J NINCDS 
e re W e n ) S NATIONAL INSTITUTES OF HEALTH 
9000 Rockville Pike Building 31, Room 8A-52 


Bethesda, Maryland 20014 
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“ADVANCES IN NEUROLOGY AND THEIR CLINICAL APPLICATION: 1979” 


A postgraduate symposium will be held at the Johns Hopkins Medical Institutions, February 25-27, 
1979. This course is designed for physicians interested in the nervous system. Recent Advances in 
our understanding of the problems of the nervous system will be presented, and the potential 
affiliation of these advances for understanding and therapy of specific conditions will be 
emphasized. Topics to be covered include: Problems of Muscle and Nerve; Advances in 
Neurovirology; Advances in Understanding of the Motor System; and New Knowledge About 


Neurotransmitters and the Central Nervous System. This course meets the criteria for 18% hours of 
credit in Category | for the Physician's Recognition Award of the AMA. 


Neurologist bd. cert. or elig. for 
480-bed Med. Svc. part of a 
larger med. center having 
excellent ambulatory care, psy- 
chiatric and geriatric services 
OSMA approved cont. med. ed. 
prog. for AMA Phy. Recognition 
Award. JCAH approved. 


Medical Center located in 
southern Ohio natural recrea- 
tion and scenic area. 45 min. 
from Columbus. 


Financial assistance in mov- 
Ing. 


Write or call collect 
Chief of Staff, VA Medical 
Center 
Chillicothe, Ohio 45601, 
(614) 773-1141, ext. 202. 
Equal Opportunity Employer 





For further details, write to 


John M. Freeman, M. D. 
The Johns Hopkins Hospital 
Baltimore, Maryland 21205. 
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together. 
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Fellowship 
in 
Otoneurology 


A comprehensive twelve-month 
clinical and research fellowship 
is offered to a suitable individ- 
ual with completed specialty 
training in otolaryngology or 
neurology. Must be eligible for 
Educational License in Ontario. 


For further details 
contact Dr. Hugh Barber, 
University -of Toronto, 
Dizziness Unit, 
Sunnybrook Medical 
Centre, 

2075 Bayview Avenue, 
Toronto, Ontario, Canada 
MAN 3M5. 





Decadron^ Hexadrol* 
dexamethasone, USP dexamethasone, USP 


Tablets 0.5 mg Tablets 0.5 mg 
100's i 30's $ 4.16 per 100 
1000's i 500's 43.42 per 1000 


Tablets 0.75 mg Tablets 0.75 mg 
100's : 100's 5.85 per 100 
1000's 500's 46.30 per 1000 


Tablets 1.5 mg Tablets 1.5 mg 

50's 50's : 8.74 per 100 
Tablets 4.0mg Tablets 4.0mg 

50's 100's 7.24 per 100 


*Based on wholesale price to retailer as listed in Drug Topics Red Book 1978. 


Economy...When You Need It, Hexadrol Has It! 


Organon Pharmaceuticals 
Organon A Division of Organon Inc. 
West Orange, N.J. 07052 


A PART OF /^kzonàa INC 
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If you're not using CPT-4, you're 
missing the boat--- 


and a way to cut 

your administrative 
reporting time and costs 
in half...or better! 









Nobody has to tell you how time-consuming 
filling out medical reports can be. Well, 
Physicians CURRENT PROCEDURAL TERMINOLOGY 
can cut preparation time in half—or even better. 

Instead of having to write lengthy descriptions of pro- 
cedures, you or your administrative staff simply insert the five- 
digit CPT code that identifies the procedure. It's that fast and easy. 


CPT provides a uniform coding system to accurately designate medical, surgical, 
and diagnostic services in terms that provide a uniform language among physicians, 
patients, and third parties. This new fourth edition of CPT is the most comprehensive 
and current system available and incorporates over 2,000 new and revised proce- 
dures. Each procedure is listed individually with a clear description and five-digit 
identifying code. 


New CPT Updating Service is available at no additional cost. To insure your CPT 
stays up to date as new terminology is added, you can receive new and revised 
procedures on a regular basis. Updates are on self-adhering pages to be affixed to the 
pages they replace. 


Order today! Buy two—one for yourself, one for 
your medical records clerk! 


Order Department, OP-41 
American Medical Association 
535 N. Dearborn St. 

Chicago, Illinois 60610 





Pleasesendme. |  J — copy(ies) of PHYSICIANS’ CURRENT PROCEDURAL TERMINOLOGY, 4th Edition. OP-41 ($12.00 
per copy in U.S., U.S. Poss., Canada, and Mexico. $12.50 all other countries.) 


| 

| 

| 

| 

| 

| 
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C] Send me information on CPT-4 magnetic computer tape versions. | 
Please enclose payment (payable to AMA) with order. | 
| 

| 
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(Please Print) 
Address 


City/State/Zip 





Imbalance 


a central problem 
in the management of Parkinson’s disease 
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Posed by professional models. 
by helping to correct 
dopamine/acetylcholine imbalance 


may help bring the world of the 
parkinsonian patient back into balance 





ERCK 
VERG A 
See last page of advertisement for brief summary of prescribing information. 


a combination of 
carbidopa and levodopa 





Sineme 


can mean aworld of difference 
for some parkinsonian patients... 





Symptomatic relief 


SINEMET usually relieves the major 
symptoms of Parkinson’s disease: 
rigidity 
bradykinesia 
tremor 


Improved performance 
of daily activities 
Symptomatic relief of Parkinson's 
disease may enable some patients 
to carry out such routine daily 
activities as: 

dressing 

walking 


eating 
maintaining personal hygiene 


SINEMET is contraindicated in: 


Patients receiving monoamine oxidase inhibitors. 
These inhibitors must be discontinued at least two 
weeks prior to initiating therapy with SINEMET. 


Patients with known hypersensitivity to this drug. 


Patients with narrow-angle glaucoma. (Patients 
with chronic wide-angle glaucoma may be treated 
cautiously if intraocular pressure is well controlled 
and the patient is monitored carefully for changes In 
intraocular pressure during therapy.) 


Patients with suspicious, undiagnosed skin lesions 
or a history of melanoma. Because levodopa may 
activate a malignant melanoma, SINEMET should not 
be used in these patients. 


All cautionary information with levodopa 
also applies to SINEMET. Turn to the last page for 
additional information. 





and that difference 





often depends on proper dosage 


Start with SINEMET-25/250 iniri urhis carbidopa*and 
for patients transferred from levodopa 


SINEMET-25/250 t.i.d. or q.i.d. is the suggested starting dosage for most patients. 
And, since most patients can be maintained on only one or two tablets t.i.d., SINEMET-25/250 
is the most convenient strength. 


Enough carbidopa 
^ daily dosage of SINEMET should be chosen that will provide approximately 70 to 100 mg 
of carbidopa because studies show that peripheral dopa decarboxylase is saturated 
by carbidopa at approximately 70 to 100 mg per day. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of carbidopa necessary for optimal therapeutic response. For example, one SINEMET-25/250 
t.i.d. provides 75 mg of carbidopa—an adequate amount of carbidopa for maximum 
utilization of levodopa, with less nausea and vomiting. 


Enough levodopa 


^ daily dosage of SINEMET should be chosen that will provide approximately 25 percent of 
the previous levodopa daily dosage. 

SINEMET-25/250 is the most convenient strength for providing the proper amount 
of levodopa. For example, one SINEMET-25/250 t.i.d. provides 750 mg of levodopa-the 
proper amount of levodopa for patients previously on 3000 mg of levodopa. 

SINEMET-10/100, containing 10 mg carbidopa*and 100 mg levodopa, is the preferred 
strength for patients who are not on levodopa or for patients on levodopa who have 
been taking less than 1500 mg per day. 
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Special Article 


A Neurological Model for Childhood Autism 


Antonio R. Damasio, MD, Ralph G. Maurer, MD 


e We analyze the behavioral and motor 
disturbances in childhood autism. On the 
basis of analogy to signs and conditions 
seen in adult neurology, we propose that 
the syndrome results from dysfunction in 
a system of bilateral neural structures that 
includes the ring of mesolimbic cortex 
located in the mesial frontal and temporal 
lobes, the neostriatum, and the anterior 
and medial nuclear groups of the thala- 
mus. The mesolimbic cortex is cytoarchi- 
tectonically, angioarchitectonically, and 
neurochemically distinct and, along with 
the striatum, forms the entire target area 
of dopaminergic mesencephalic neurons. 
This raises the possibility that autism is 
related to neuromediator imbalance in 
those structures. Such dysfunction might 
be the result of macroscopic or micro- 
scopic changes in the target area or in 
structures functionally influencing them, 
consequent to a variety of causes such as 
perinatal viral infection, insult to the peri- 
ventricular watershed area, or genetically 
determined neurochemical abnormali- 
ties. 

(Arch Neurol 35:777-786, 1978) 
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Hu to develop normal social 
relationships, developmental dis- 
turbances of verbal and nonverbal 
communication, and ritualistic and 
compulsive behaviors (resistance to 
change in routine or surroundings, 
abnormal preoccupations, morbid at- 
tachments, morbid collections) are the 
distinctive behavioral abnormalities 
characterizing childhood — autism.'^ 
Other important clinical signs are 
disturbances of motility (stereotyped 
movements, abnormalities of gait and 
posture) and of attention (abnormal 
responses to auditory, visual, and 
vestibular stimulation).'-'* This inves- 
tigation is concerned with explaining 
these abnormalities and their interre- 
lationships in neurologic terms and is 
based on our own observations and on 
observations previously published. 
The syndrome, also known as infan- 
tile autism and as early childhood 
autism, was first recognized by Kan- 
ner in 1943." It is not a form of 
schizophrenia,*'"'>-*° although it fre- 
quently has been so classified, and it is 
distinguishable from other disorders 
characterized by developmental dis- 
turbances of language? and from 
mental retardation.**?* In the last 
15 years, autism has been demon- 
strated to have a characteristic age of 
onset, prevalence, and sex distribu- 
*References 2, 9, 10, 16, 23, 24, 35-38. 


12, 9, 10, 16, 23, 24, 39-46. 
iReferences 2, 18, 23, 24, 38, 40, 41, 43, 46-54. 


tion.* But, the clinical courses and 
prognosis have been found to be vari- 
able and so have the signs that may 
appear together with the core mani- 
festations.T Such studies support the 
notion of autism as a distinct 
syndrome, but raise doubt as to its 
status as a distinct clinical entity with 
a single etiology and characteristic 
pathologie substrate. 

Autism can be associated with 
established neurological syndromes 
such as phenylketonuria, hypsarrhyth- 
mia, or rubella encephalitis, but usual- 
ly is not, although often, there is 
evidence of brain dysfunction such as 
seizures and EEG abnormalities.t In 
1974, Rutter, reviewing 30 years of 
research on autism, concluded that 
“although there is good reason to 
suppose that infantile autism may 
well arise on the basis of some type of 
organic brain disorder ... there are no 
good grounds for placing the lesion in 
any one particular area of the 
brain."*»0s*59» We suggest that the 
latter part of this statement is no 
longer true. 

Our analysis of the patterns of 
abnormal behavior seen in autism 
indicates that in many ways, they are 
comparable to those seen in adults 
with certain forms of brain damage, 
particularly damage to the frontal 
lobe or to the closely related structures 
of the basal ganglia or limbic system. 
Furthermore, our analysis of the 
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disturbances of motility seen in 
autism also shows them to be similar 
to those seen in patients with disease 
of the basal ganglia or frontal lobes. 
These resemblances have led us to 
conclude that autism is consequent to 
dysfunction in a complex of bilateral 
CNS structures that includes mesial 
frontal lobes, mesial temporal lobes, 
basal ganglia (in particular, the neo- 
striatum), and thalami (dorsomedial 
and anterior nuclear groups). A 
detailed discussion of our reasoning, 
as it applies to the major manifesta- 
tions of autism, is presented. 


DISTURBANCES OF MOTILITY 


Disturbances of motility are an 
important aspect of the clinical pic- 
ture of autism and constitute a clear 
indication of CNS involvement in 
autism. Although changes in motor 
behavior traditionally have been men- 
tioned, the disturbances generally 
have not been considered primary and 
only rarely have they been described 
from a neurological point of view.” In 
our observations of a group of autistic 
children, all of whom met Rutter’s 
criteria, varying degrees of dystonia, 
bradykinesia and hyperkinesia, invol- 
untary movements, and an emotional- 
ly related facial asymmetry were 
frequent disturbances (A. Damasio, 
MD, R. Maurer, MD, unpublished 
data). 

Dystonia of the extremities was an 
almost constant finding. Patients 
often had bilateral or unilateral 
"striatal" toes, a spontaneous upward 
movement of the big toes similar to 
that in the Babinski reflex and 
commonly seen in parkinsonism.^ ^ 
They also exhibited dystonic postur- 
ing of the feet, hands, and fingers, 
with noticeable agonist-antagonist 
imbalance. 

We occasionally noted involuntary 
dyskinesias of the mouth and extrem- 
ities or complex involuntary synergies 
involving the head and the proximal 
segment of the limbs. In the dystonic 
extremities, we observed other types 
of involuntary movements, some 
rhythmic and tic-like, such as flap- 
ping, some nonrhythmic and best 
described as a variation of chorea, or 
athetosis, or both, and some repeti- 
tive, stereotyped, and composed most- 
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ly of complex hand movements and 
postures. 

We also observed abnormalities of 
muscular tone. Some patients exhib- 
ited mild degrees of rigidity and hypo- 
tonia. None had spasticity. "Psycho- 
motor" signs such as Gegenhalten 
(counterpull), grasp reflex, and avoid- 
ance reaction often were present. 

Posture and gait have been de- 
scribed as abnormal in autism. Our 
own observations confirm this. In 
some cases, the abnormalities were 
like those seen in specific neurologic 
disorders. One autistic child had a 
typical parkinsonian gait, which fea- 
tured short steps, festination, and a 
flexed posture of limbs and trunk. 
Other autistic children had some of 
these features in isolation. 

An interesting motor defect was 
the inability of some of these children 
to handle two motor tasks at the same 
time. One of our patients interrupted 
his hand movements whenever he 
started to speak. We considered this 
impairment in execution of simulta- 
neous motor programs a sign of akine- 
sia. 

All of the disturbances described 
here are classical neurological signs 
indicative of dysfunction in the basal 
ganglia, particularly the neostriatum, 
and in closely related structures of the 
frontal lobe, particularly in its mesial 
aspect.®-* These disturbances com- 
monly are seen, with varying intensi- 
ty and variable syndromatic arrange- 
ment, in human disease processes of 
degenerative, inflammatory, vascular, 
neoplastic, or drug-induced nature, 
involving those structures. They also 
are seen in experimental animals (ro- 
dents, felines, and primates) with 
surgically or chemically induced dys- 
function of the basal ganglia.: In 
addition, it should be noted that 
patients with disorders of motility 
consequent to dysfunction of the basal 
ganglia or the frontal lobes also exhib- 
it, clinically as well as in an experi- 
mental setting, a variety of behavioral 
disturbances.*"?-** The same is true of 
experimental animals.*'-5*-5*-*: 

The most interesting disturbances 
of motility were related to the face. 
One was akinesia that contrasted with 
the dyskinesia of the extremities. 
Another, which was all the more 


remarkable considering that these 
children had symmetrical and often 
expressionless faces, was an occasion- 
al but striking asymmetry of the 
lower portion of the face, noticeable 
when the children smiled or spoke 
spontaneously, but not when they 
voluntarily moved their facial muscu- 
lature at our request. This phenome- 
non, an emotionally determined facial 
asymmetry that is known as emotion- 
al facial paralysis or reverse facial 
paralysis, departs from the commonly 
seen association of impaired volun- 
tary movement of the lower half of 
the face with symmetric movement on 
smiling or crying, which is the hall- 
mark of lesions of the corticobulbar 
system.***' This reverse paralysis tra- 
ditionally has been interpreted as a 
sign of damage to the basal gang- 
lia or to the thalamus." The 
phenomenon has not been thoroughly 
studied, but recent investigations 
indicate that it is related to dysfunc- 
tion of the older, sensorimotor cortex, 
which integrates nonpyramidal motor 
systems located in the mesial frontal 
lobe.*'** Although the motor nature of 
this cortex often is neglected, clinical 
evidence” and the results of experi- 
mentation with electrical stimula- 
tion^** show that it indeed is 
concerned with primitive motility and 
thus, may be the expression of limbic 
system activity and therefore inti- 
mately linked with affective states 
and emotional control. The recent 
discovery in man of a small but highly 
differentiated area of motor cortex 
deep in the cingulate sulcus" further 
strengthens the view that this region 
is the primordial motor outlet of the 
limbie system. A reverse facial paraly- 
sis can also be the result of lesions in 
the basal ganglia™ and has been 
observed in patients with psychomo- 
tor epilepsy," suggesting that it is 
related to dysfunction in mesial 
regions of the temporal lobe. It never 
has been described in association with 
the far more common lesions of the 
neocortical areas. Consequently, it is 
our impression that it is associated 
with dysfunction in the transitional 
periallocortical structures that are 
located in the mesial aspect of both 
frontal and temporal lobes ("mesolim- 
bic cortex" or "mesocortex"), as well 
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as with dysfunction in structures of 
the basal ganglia and thalamus that 
are intimately related to them. We 
presume that the lesions that produce 
the phenomenon are bilateral but 
asymmetrical (eg, as in parkinsonism) 
and that the facial imbalance reflects 
that asymmetry. 

In regard to the above, it is of 
interest to note that monkeys, who do 
not possess voluntary control of facial 
expression, but who do have emotion- 
ally related mimicry, lose this capacity 
as a result of ablations of frontal and 
temporal cortex encompassing the 
mesocortical structures." Further- 
more, the same surgical preparations 
cause impairment of social behavior. 
When "frontotemporal" monkeys re- 
turn to the colony, they tend to isolate 
themselves, exhibit decreased and 
inappropriate social signaling, fail to 
participate in group activities, and are 
ultimately rejected by the colony.'°?” 
This set of behaviors, which in some 
ways comes close to representing an 
animal model of autism, is not seen in 
animals with lesions in the neocortex, 
even if the lesions involve visual asso- 
ciation areas causing major percep- 
tual defects, or the motor areas 
producing major paralysis. Thus, 
signs such as emotional facial paraly- 
sis are explainable on the basis of 
dysfunction in the same structures, 
dysfunction of which explains the 
remaining motor disturbances and 
accounts for changes in communica- 
tion and social behavior. 


DISTURBANCES OF 
COMMUNICATION 


Verbal defects in autism vary 
according to the stage of development 
of the patient and the severity of the 
syndrome.?- *2::5:0::11 Mutism is com- 
mon. Speech, if present, is variably 
abnormal in terms of amount, content, 
and grammatieal structure. In some 
high functioning patients, it can be 
relatively normal, except for unusual 
concreteness and dysprosody. A con- 
siderable amount of speech production 
is based on repetition, either imme- 
diate ("classic" echolalia) or deferred 
("delayed" echolalia, in which phrases 
are repeated verbatim some time 
after they are heard, often with well- 
imitated stress and intonation). Non- 


Arch Neurol—Vol 35, Dec 1978 


echoed speech usually is sparse, poorly 
structured, and commonly exhibits 
immature and abnormal syntax and 
lexicon. It may consist mostly of ste- 
reotyped repetitive phrases. Respira- 
tory control during speech is often 
defective and not integrated with 
grammatical structure, so that phrase 
markers occur at inappropriate points 
in an utterance. Some degree of verbal 
aspontaneity usually is present and 
there may be a tendency to reduce the 
number of words to the minimum 
needed to convey meaning. Defects in 
aural comprehension range from com- 
plete failure to understand or attend 
to speech, to a good understanding of 
practical, everyday speech with im- 
paired ability to comprehend abstrac- 
tions and complex associations. Writ- 
ten language is often better processed 
than spoken, as indicated by an inter- 
est in reading and ability to read 
aloud, to the point of hyperlex- 
ia.**17-* But, reading comprehension 
is usually defective, regardless of the 
level of adequate visuo-oral "transcod- 
ing." 

The presence of defects in nonver- 
bal communication differentiates au- 
tistic children from children who are 
deaf or who have developmental apha- 
sja.?'7759:0»199 These defects occur in 
all forms of nonverbal communication 
(gesture, facial expression, posture) 
and are characteristic of autistic chil- 
dren regardless of their verbal ability. 
Both comprehension and expression 
are impaired and unlike deaf or apha- 
sic children, autistic children make 
no attempt to compensate by gesture 
or facial expression for what they 
cannot communicate verbally. Non- 
verbal communication often is limited 
to cireumstances in which rather gross 
movements are concretely related to 
the intent of the message and can be 
used to convey it, such as leading an 
adult by the hand in order to obtain a 
given object or food. 

The verbal disabilities in autism are 
distinguishable from most of the 
acquired aphasias. Specifically, they 
do not resemble any of the fluent or 
nonfluent aphasias related to perisyl- 
vian lesions of the dominant hemi- 
sphere, eg, Broca's aphasia, conduc- 
tion aphasia, Wernicke's aphasia, or 
anomic aphasia.''*'"* Two prominent 
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features of the verbal defects of 
autism, mutism and echolalia, are seen 
only in a set of syndromes that consti- 
tutes the borderland between distur- 
bances of language and disturbances 
of thought, the so-called transcortical 
aphasias that result from a more or 
less complete anatomical "isolation of 
the speech areas.'"'*'*'*» Two syn- 
dromes have been described under 
this designation: transcortical sensory 
aphasia and transcortical motor apha- 
sia. The former is characterized by 
severe defect in aural comprehension 
and by spontaneous, often abundant, 
fluent, and semantic paraphasic 
speech with echolalia. It does not 
resemble the verbal defects of autistic 
children. 

The latter, transcortical motor 
aphasia, is distinguished by a normal 
ability to repeat speech, with or with- 
out echolalia, by marked aspontaneity 
that may reach the point of mutism 
and by relatively preserved aural 
comprehension. It is associated with a 
lesion of the lateral aspect of the 
dominant frontal lobe outside of the 
anterior speech center (Broca’s area). 
Its general features bear a superficial 
resemblance to the verbal defects of 
autism, but it is distinguishable from 
autism by the preserved ability to 
communicate nonverbally. 

On the other hand, there is a great 
resemblance between the verbal de- 
fects of autism and the syndromes of 
mutism or relative speech inhibition 
that appear during the recovery from 
mesial frontal lobe lesions and that, as 
in autism, are always accompanied by 
profound defects of nonverbal com- 
munication.®**:'*°'* These are defects 
in communication that do not derive 
from an impairment of primary 
linguistic processing and are, accord- 
ingly, unrelated to damage to the 
primary language processing area of 
the brain. Rather, these defects seem 
to derive from a lack of initiative to 
communicate and from a lack of 
“orientation” towards stimuli and are 
suggestive of an underlying impair- 
ment in higher motor or perceptual 
control, or, more generally, in overall 
cognitive organization. Unilateral or 
bilateral lesions of the mesial aspects 
of the frontal lobe, particularly in 
regions such as the supplementary 
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motor area or the cingulate gyrus, 
may produce these defects. Lesions in 
the left or right hemisphere may 
produce the defect, => testifying to 
the lack of a lateralized linguistic bias. 
Bilateral lesions cause more severe 
mutism and akinesia, although some 
recovery is generally possible if the 
pathogenic cause stabilizes. Unilateral 
lesions of the supplementary motor 
area produce a milder syndrome in 
which patients are aspontaneous, and 
yet are able to repeat words and 
sentences quite appropriately and to 
understand simple utterances of the 
examiner.5»2»:5 These patients 
have a concomitant impairment of 
nonverbal communication and they 
never resort to gesture to compensate 
for their obvious verbal weakness. 
Their lack of mimicry, their placidity, 
their failure to attend to stimuli in the 
environment and properly orient to 
them, and their ability to repeat 
speech are remarkable parallels of 
many features of childhood autism. 
Even when recovery takes place, these 
patients are unable to regain creative 
use of language. Regardless of how 
good the previous vocabulary, the 
propositional organization of speech is 
always impaired and speaking or writ- 
ing in a creative fashion is not possi- 
ble. Creative use of gesture is 
impaired to the same extent and these 
patients show a marked inability to 
use gesture or miming or body posture 
for communication. Other defects 
commonly seen in these patients 
include inability to control speech 
volume and pitch, and repetitive 
vocalizations resembling palilalia.'** 
The association between relative or 
absolute mutism and dysfunction of 
the mesial frontal cortex has also been 
demonstrated by direct electrical 
stimulation of this region, which 
commonly produces phenomena such 
as speech inhibition (which consists of 
the involuntary omission of the utter- 
ance the subject intends to make), 
speech arrest (involuntary interrup- 
tion of the utterance at the time of 
stimulation), palilalia (involuntary 
iteration of groups of phonemes), and 
disturbances of control of volume of 
speech and breathing.*^" It is impor- 
tant to note that, just as in the case of 
the disturbances of motility discussed 
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above, a similar set of phenomena can 
be elicited with electrical stimulation 
of closely related structures of the 
basal ganglia, such as the cau- 
date,” a finding that is in keeping 
with palilalia and the well-known 
disturbances of speech initiative, 
speech volume, and pitch that accom- 
pany many diseases of the basal 
ganglia. 

The developmental defects of com- 
munication in autism, both verbal and 
nonverbal, can be related to a 
primary, predominantly motor dys- 
function and are distinguishable from 
the acquired aphasias and apraxias, 
characterized by a primary linguistic 
disability. These developmental de- 
fects are not accompanied by signs 
characteristic of lesions of the lateral- 
ized “language area” of the dominant 
hemisphere. We propose that the 
defects result from dysfunction in 
interrelated structures of the periallo- 
cortex of the mesial frontal lobe and 
of the neostriatum. Experimental 
data suggest that lesions of the latter, 
sustained in infancy, may produce 
permanent defects not compensated 
by CNS plasticity.'"* That possibility, 
combined with the fact that dysfunc- 
tion would have its onset prior to the 
process of normal language acquisi- 
tion, could explain the severity of the 
disturbances and the appearance of 
cognitive nonverbal defects secondary 
to the language impairment. 


DISTURBANCES OF 
ATTENTION AND PERCEPTION 


An example of a defect in the atten- 
tional sphere is that in visual scan- 
ning. Autistic children have a shorter 
visual inspection time than controls, 
their scanning seems less comprehen- 
sive and systematic, and they exhibit 
a less sustained orientation towards 
visual stimuli than do normal children 
or retarded controls.** Furthermore, 
the way they orient to visual stimuli is 
quite unpredictable. Autistic children 
seem to use peripheral vision more 
than they do central vision; they may 
repeatedly avoid focusing their atten- 
tion on a target, as when after refus- 
ing to look at an examiner or at a 
given object in the environment, they 
suddenly may fixate on an object or 
person and do so for a considerable 


time. It appears that the children are 
occasionally able to produce a normal 
performance, but usually they do not. 
Often, the children may stop entirely, 
for a brief period, and stare into 
space. Such episodes can be distin- 
guished from seizures, both clinically 
and electroencephalographically. The 
closest parallel in the clinical neurolo- 
gy of adults is with the similar 
episodes of brief suspended attention 
that are seen in patients with damage 
to mesial frontal lobe regions and 
described as “intermittent interrup- 
tions of behavior.’’'*° 

The results of recent primate exper- 
imentation on the production of visual 
saccades directed towards stimuli 
placed in the periphery of the visual 
fields are relevant as an explanation 
of the phenomenon of inattention. 
The process apparently serves the 
purpose of updating visual informa- 
tion so that appropriate motor pro- 
grams can be organized in relation to 
the environment and is the result of 
the action of parietal lobe "command" 
cells.'?''* But, there will only be a 
saccade if the stimulus is of special 
interest to the animal at a given time 
and the monkey will "foveate" food or 
water when he is hungry or thirsty, 
but not when he is satiated,” indicat- 
ing that even if the parietal command 
cells and visual perception that feeds 
into those cells are intact, the actual 
orientation towards a given object will 
only be carried out after the organism 
has determined that the object is of 
importance for future behavior. Ex- 
perimental evidence'*'?* supports the 
notion that the responses of an orga- 
nism to a given stimulus depend on 
the set of "goals" of that organism 
and on a hierarchically organized "ex- 
ecutive control" that will modulate the 
response according to the "goals" and 
the "cortex" of stimulation. "Limbic" 
system marking is necessary for this 
operation and the determination and 
marking of the importance of a given 
stimulus takes place at different 
levels of limbic processing, according 
to the nature and complexity of the 
stimuli involved.^* The marking of 
complex stimuli that involve the com- 
prehension of, for instance, a social 
situation most probably will require 
frontal lobe functioning, which, as a 
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result of appropriate weighing of the 
value of the stimulus, will release or 
inhibit parietal command function. 
We propose that one of the causes of 
inattention in autism may be the 
inappropriate control of parietal com- 
mand function. 

The observation that, in general, 
autistic children are less responsive to 
sound than nonautistic children'^" is 
quite compatible with a defect in 
attention and should not be taken to 
indicate impairment of auditory per- 
ception. Not only can autistic children 
at times become hyperresponsive, but 
also, there is often evidence that their 
auditory perception is intact.'^" Un- 
like normal children, they cannot be 
conditioned to respond preferentially 
to a sound source, although, like 
nonautistic children, they respond to 
light in preference to sound. They 
show no difference in their response 
to intelligible speech as opposed to 
noise, although, when presented with 
material that is randomly organized 
or organized solely by phonological 
stress, their auditory rote memories 
are better than those of retarded 
controls and as good as or better than 
those of normal children. But, when 
the material is meaningful, their audi- 
tory rote memory is worse than those 
of both normal children and retarded 
controls. These findings are consist- 
ent with the notion that their poten- 
tial for normal perception and normal 
memory of perceived material is 
intact and that the defect is of a 
higher order, in the process of gover- 
nance of perception, memory storage, 
and memory retrieval. 

Autistic children also exhibit sev- 
eral abnormalities of vestibular func- 
tion, such as diminished postrotatory 
nystagmus."'" Autistic children 
have increased tolerance to spinning 
and twirling and will actually enjoy 
it.^ These manifestations have been 
interpreted on the basis of a defect in 
sensory integration at a brain stem 
level." While a defect in overall 
control of sensory integration may be 
a good description of the mechanism 
underlying this defect, the primary 
dysfunction could certainly reside at a 
higher level of control, such as basal 
ganglia or the cerebral cortex. Sup- 
port for the latter contention comes 
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from observations by Mettler and 
Mettler,'" who showed that cats with 
bilateral removal of the frontal lobe or 
of the caudate and frontal lobe would 
disregard labyrinthine stimulation. 
(The lesioned animals differed from 
normal animals in showing less 
obvious distress during rotation and 
diminished postrotatory nystagmus). 
This and other observations by Met- 
tler and Mettler“ can be adduced to 
explain the finding that autistic chil- 
dren seem to depend inordinately on 
somatosensory clues in order to per- 
ceive instructions and learn how to 
carry out a task that also involves 
visual or auditory stimulation.’ In 
fact, unlike mentally retarded con- 
trols, autistic children show a prefer- 
ence for somatosensory stimulation 
over auditory and in general, prefer 
somatosensory stimuli over visual 
ones.*'" On the basis of his observa- 
tions in animals with lesions of the 
basal ganglia, Mettler'" suggested 
that a striatally deprived organism 
would come under primary “proprio- 
ceptive domination.” 

Except for occasional blindness or 
deafness often secondary to rubella, 
autistic children do not show primary 
defects of perception. But, they have 
behavioral abnormalities, both in clin- 
ical terms and in specific neuropsy- 
chologic testing, that indicate a defec- 
tive ability to maintain optimal con- 
ditions for ongoing perceptual 
processes. When such an impairment 
pertains to complex stimuli, it hall- 
marks dysfunction in higher integra- 
tive and decision-making neural struc- 
tures, such as those of the frontal lobe 
and basal ganglia.'?* 5-5 


RITUALISTIC AND 
COMPULSIVE BEHAVIORS 


Rituals, compulsions, and negative 
reaction to changes in routine or 
surroundings occur in the behavior of 
normal children. In autistic children, 
however, these are marked by their 
severity, abnormal content, and ten- 
dency to form a large part of the 
child's behavioral repertoire.'^" Par- 
ticularly characteristic is the distress 
with which the young autistie child 
often responds when even minor 
changes are made in familiar settings 


or when he is prevented from carrying 
out activities to which he is accus- 
tomed. This is the source of the "in- 
tense desire for the preservation of 
sameness" that was originally de- 
scribed by Kanner. With age, this 
and other ritualistic and compulsive 
behaviors tend to diminish in severity, 
although they may become more 
complex and organized and rarely 
disappear altogether.*'-'*-** 

In our view, most of these behaviors 
represent adaptive responses of an 
individual with brain dysfunction to 
the demands of the environment. 
They reflect the tendency of the orga- 
nism to perform what it can perform 
adequately." The modification of 
these behaviors with age is a result 
both of changes in the environment 
and of changes in the repertoire of 
learned responses with which the 
autistic child copes with external 
stimuli. The tantrums and distress 
that result when accustomed activities 
are prevented or familiar settings 
changed are similar, in nature, fre- 
quency, severity, and resistance to 
modifiability to the “catastrophic” 
reactions that have been described in 
some patients with acute and chronic 
frontal lobe syndromes'*'^ and that 
occur when these patients are con- 
fronted with situations for which they 
lack an adequate learned response and 
in which they are unable to create a 
new and appropriate response. In this 
light, "maintenance of sameness" be- 
comes a form of adaptive behavior 
aimed at avoidance of "catastrophe." 
Compulsive, stereotyped, ritualistie 
behaviors may be viewed as ways in 
which that avoidance is enacted and 
homeostasis of a disturbed biological 
system achieved. 

Like catastrophic reactions, all of 
these stereotyped and ritualistic 
avoidance strategies may be seen in 
frontal lobe patients, particularly in 
those in whom, having sustained 
lesions early in life or having stabi- 
lized them, an evolving equilibrium 
has developed with their environ- 
ment.'?'* What autistic children and 
patients with some frontal lobe syn- 
dromes seem unable to do is to teach 
themselves ways of adapting to mod- 
ified environmental contingencies. 
Presumably, this teaching ability ce- 
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pends on normal frontal lobe function, 
since it is in structures of the frontal 
lobe that the process of organizing 
appropriate responses to complex as- 
pects of the environment in relation to 
the more complex goals of the orga- 
nism probably takes place. Conse- 
quently, autistic children, as well as 
patients with some frontal lobe syn- 
dromes, are bound to patterns of 
behavior that were either previously 
learned, or explicitly taught to them. 
In a way, “perseveration,” another 
behavioral characteristic that is com- 
mon to both autistic children and fron- 
tal lobe patients, is an aspect of this 
inability to organize and consolidate 
new forms of response. The persever- 
ative tendency permeates tasks of 
every type and complexity and can be 
demonstrated in clinical as well as 
experimental settings.* **-'* 

Near-normal autistic individuals 
strikingly resemble patients with 
some types of frontal lobe defects. 
They share a similar lack of initiative, 
a similar concreteness in thought and 
language, an inability to focus atten- 
tion, shallowness of affect, and lack of 
empathy. An example of this similari- 
ty is to be found in the patient 
described by Ackerly and Benton.” 
This patient, on the other hand, 
differed from an autistie child in his 
occasional antisocial conduct, an in- 
constant behavioral feature in frontal 
lobe patients. This difference may be 
explained in a variety of ways, among 
them the age at which damage took 
place and the anatomical structures 
preferentially involved, the latter be- 
ing of particular importance, since 
damage to orbital aspects of the fron- 
tal lobe, in addition to mesial and 
lateral, may correlate with the addi- 
tional psychopathic features of some 
frontal lobe syndromes, while relative 
preservation of this region may corre- 
late with their absence." Finally, the 
fact that lesions of the striatum (and 
apparently, also of the mesolimbie 
structures) in experimental animals 
have been associated with stereotyped 
and stimulus-bound behavior''^* sug- 
gests that dysfunction of this system 
in man might provide the motor 
substrate on which ritualistic and 
compulsive behaviors could be mod- 
eled. 
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FAILURE TO DEVELOP NORMAL 
SOCIAL RELATIONSHIPS 


The autistic child's abnormalities in 
social behavior vary with age and 
severity of the illness, but generally 
seem to involve deficits in those inter- 
actions that require initiative or recip- 
rocal behavior on the part of the child. 
Autistic children are not usually phys- 
ically withdrawn and they often enjoy 
tickling and rough-and-tumble play. 
However, they generally lack coopera- 
tive play and are almost always devoid 
of imaginative play, while autistic 
adolescents and adults lack the skills 
and the sense of social appropriate- 
ness necessary for making and main- 
taining personal friendships.* 

Kanner" regarded the autistic 
child's abnormalities in social behav- 
ior as a primary defect. Contemporary 
authorities have considered them sec- 
ondary to other defects, particularly 
those of verbal and nonverbal commu- 
nication.”°°*"*! We agree that most, if 
not all, of those abnormalities are of a 
secondary nature, but we consider 
them consequent to an organized 
collection of primary defects that we 
described under disturbances of motil- 
ity, disturbances of attention, and 
ritualistic and compulsive behaviors, 
as well as under disturbances of 
communication. 


ETIOLOGY AND PATHOGENESIS 


We have explained how the mani- 


festations of autism can be accounted 


for on the basis of dysfunction in one 
neural system and have noted that 
some are the direct signs of dysfunc- 
tion, while others reflect the result of 
the interaction between a child with a 
specific brain disorder and the envi- 
ronment. 

The manifestations of autism best 
correlate with dysfunction of the ring 
of phylogenetically older cortex lo- 
cated in the mesial aspect of the fron- 
tal and temporal lobes (supplementary 
motor area, cingulate gyrus, entorhi- 
nal area, perirhinal area, parahippo- 
campal gyrus, subicular and presubic- 
ular region), and dysfunction in the 
neostriatum. The former set of struc- 
tures is cytoarchitectonically distinc- 
tive, in that it is mainly formed by 
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neither neocortex nor allocortex, but 
rather, by a transitional type of 
cortex, commonly known as periallo- 
cortex," proisocortex,' or mesocor- 
tex (G. Van Hoesen, PhD, personal 
communication, 1978). It is also dis- 
tinetive in terms of angioarchitec- 
ture.!'** 

It is of particular interest that both 
groups of structures (the ring of meso- 
cortex and the neostriatum) together 
constitute the entire area of termina- 
tion of the dopaminergic neurons aris- 
ing in the mesencephalon, making this 
system also neurochemically distinc- 
tive. The mesocortex is the principal 
target of the so-called mesolimbic 
axon terminals whose cell bodies are 
located in the ventral tegmental area 
(area A10 of Dahlström and Fuxe)'® 
and in the medial one third of the pars 
compacta of the substantia nigra, 
while the neostriatum is the well- 
known terminating point of the axons 
originating in the lateral two thirds of 
the pars compacta of the substantia 
nigra (area A9), the nigrostriatal 
pathway.''* Consequently, the pos- 
sibility that the neural dysfunction 
that causes autism is produced or at 
least accompanied by changes in 
dopamine content in these target 
structures deserves consideration. 
These changes would be in the direc- 
tion of deficiency, rather than excess, 
and might also reflect regional imbal- 
ance between dopamine and other 
neuromediators. Such a disturbance 
could be the result of different mecha- 
nisms. One could be direct damage 
either to target cells in the mesocor- 
tex, or to cells of the dopaminergic 
pathway, at their mesencephalic ori- 
gin or in transit in the diencephalon. 
Another mechanism could be an 
inborn neurochemical abnormality, 
possibly of genetic nature, localized to 
these specific target regions without 
obvious histological or cytological 
changes. 

Dysfunction in structures of the 
mesocortex could account for some 
features of autism. Evidence from 
experimental work demonstrates that 
the mesocortex is a relay point for 
information coming from the percep- 
tual neocortex on its way to allocorti- 
eal structures such as the hippocam- 
pus, or to subcortical limbic system 
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structures such as the amygdala.'*'* 
Perhaps more important, mesocortical 
structures also relay limbic system 
information back to the neocortex,''* 
'5 as is the case with the output of the 
hippocampus, which is in good part 
conveyed to the mesocortical subicu- 
lum and, from there, either to tempo- 
ral and parietal neocortex, or to fron- 
tal neocortex via the mesocortical 
cingulate gyrus.'" Thus, appropriate 
affective labeling of stimuli in the 
process of learning, as well as appro- 
priate affective recognition of the 
same stimuli later in life, may depend 
on the integrity of this cortical way 
station. The intimate connection of 
the mesocortex with the neostria- 
tum,'*"* the other major target of 
dopaminergic neurons, further rein- 
forces the concept of an integrated 
system. 

It is not possible at present to 
predict which of these structures is 
predominantly affected. In order to 
account for the considerable clinical 
variability of the autistic syndrome, 
different causes and different mecha- 
nisms need be postulated. Among the 
possible causes of autism, we would 
include perinatal infection, a process 
that could not only explain the age of 
onset, but also the increased incidence 
in twins."* Evidence that autism is 
associated with viral diseases is al- 
ready available, as autism has been 
described in patients with congenital 
rubella, measles encephalitis, and cy- 
tomegalovirus infection itself?s>2-190 
(the last commonly involves deep 
structures of the brain, namely, those 
of the basal ganglia'’'). Perinatal 
cardiorespiratory distress is another 
possible cause. Hypoxia can cause 
damage to specific areas of the brain, 
including the basal ganglia' and the 
areas affected are different from the 
ones involved as a consequence of 
anoxia. It is conceivable that, under 
certain circumstances, the damage 
would be less severe than the damage 
that produces cerebral palsy. It would 
involve neural structures both macro- 
scopic and microscopic, different from 
the ones involved in cerebral palsy, 
and instead, would determine the 
syndrome of autism. Deficient perfu- 
sion of the brain is also a cause to 
consider. By producing damage to the 
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deep watershed area that surrounds 
the ventricles, it impairs the function 
of periventricular structures such as 
the caudate or the medial nuclei of the 
thalamus.' Such mechanism is made 
likely by the fact that the deep 
watershed region is not matured at 
the time of birth and is therefore 
prone to insult.'*' A genetically deter- 
mined variation of the architecture of 
the periventricular vascular supply or 
of its rate of maturation might be a 
factor and explain the occurrence of 
autism in siblings. Again, evidence is 
available that severe perinatal dis- 
tress and autism can be re- 
lated.'*:»:59:5»2955 Moreover, several 
cases of autism have been described in 
patients with arrested hydrocepha- 
lus!" and there is pneumoencepha- 
lographie evidence that autistic chil- 
dren can have bilateral dilation of the 
lateral ventricles," a finding possibly 
indicative of previous pathologic pro- 
cess in the periventricular structures. 
Finally, a genetic disturbance could 
cause autism by producing preferen- 
tial functional impairment of certain 
CNS structures. This could result from 
deficient maturation of neurons in 
regions such as the mesocortex, abnor- 
malities in mesencephalic neural loci 
concerned with the production of 
neuromediators or neuromodulators 
essential for the functioning of those 
target regions, abnormal angioarchi- 
tectural patterns of the same regions, 
or increased susceptibility of those 
regions to a variety of neuropatho- 
logic agents (eg, infection, metabolic 
changes). The syndrome of autism has 
a relatively consistent symptomatic 
core that results from the impairment, 
by one mechanism or another, of the 
function of a given system. The causes 
of that impairment vary in nature and 
intensity and as a result, produce vari- 
ants of the syndrome with different 
clinical course, outcome, and accom- 
panying signs. 
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Treatment of Parkinsonism 


With N-n-Propyl Norapomorphine 
and Levodopa (With or Without Carbidopa) 


Paul S. Papavasiliou, MD; George C. Cotzias,t MD; Victoria L. F. Rosal, RN; Samuel T. Miller 


e The effects of the concomitant admin- 
istration of N-n-propyl norapomorphine 
(NPA) and levodopa, with and without 
carbidopa, were studied in 12 patients 
with unsatisfactory symptom control. 
Double-blind evaluation of the effects of 
NPA with suboptimal doses of levodopa 
or levodopa plus carbidopa (Sinemet) 
showed a mean overall improvement of 
44% (20% to 7496) in nine patients and 
improvement of the ''on-off" effect in five. 
Dyskinesia diminished in some patients 
after diminution of basal medication. In 
three patients, plasma dopa and growth 
hormone patterns did not differ substan- 
tially with and without NPA. The magni- 
tude and timing of the therapeutic and 
side effects did not correlate with the 
pattern of growth hormone secretion, 
which suggests that this hormone might 
not be instrumental in the induction of 
these effects. N-n-propyl norapomorphine 
is a useful adjunct in the long-term 
management of patients with unsatisfac- 
tory response to levodopa. 

(Arch Neurol 35:787-791, 1978) 
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he limitations of treating parkin- 

sonism with monoamine precur- 
sors,'? suggested that the administra- 
tion of direct dopamine agonists 
might be more advantageous in the 
management of this disorder. The 
clinieal usefulness of such agonists 
was first demonstrated with the apor- 
phines, apomorphine hydrochloride 
and N-n-propyl norapomorphine 
(NPA), and with the ergot alkaloids, 
bromocriptine? and lergotrile. 

Our short-term experiences with 
the aporphines were reported in a 
previous communication? Whereas 
APO at therapeutic doses induced 
nephrotoxicity, its more potent ana- 
log, NPA, produced a significant ther- 
apeutie benefit at doses much lower 
than its nephrotoxic dose. N-n-propy] 
norapomorphine, however, was shown 
with time to lose its therapeutic 
potency. This loss of potency could be 
cireumvented by the coadministration 
of levodopa plus carbidopa (Sinemet).* 
N-n-propyl norapomorphine given 
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alone was also found to stimulate 
growth hormone (GH) secretion to a 
similar degree as levodopa plus earbi- 
dopa (Sinemet). Thus, the similarity 
of the effects of the two drugs on GH 
secretion, their ability to induce simi- 
lar therapeutic and side effects, and 
the ability of the GH to modify the 
cerebral effects of levodopa’ sug- 
gested the possible role of this 
hormone in the induction of the clini- 
cal drawbacks of long-term levodopa 
therapy.* 

The present investigation was un- 
dertaken to (1) further study the 
usefulness of NPA on a larger and 
more representative group of patients 
to whom NPA was administered with 
levodopa, with and without carbidopa; 
(2) to investigate the effect of the 
concomitant administration of NPA 
and levodopa plus carbidopa on GH 
secretion; and (3) to ascertain whether 
the patient’s symptom control under 
these conditions correlates with plas- 
ma dopa and GH secretion patterns. 


PATIENTS AND METHODS 
Patients 


Six male and six female patients with 
idiopathic parkinsonism participated in 
this double-blind study with their informed 
consent. The patients were selected be- 
cause of persistent diurnal fluctuations of 
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their symptomatic control ("on-off" ef- 
fects), and varying degrees of involuntary, 
choreiform movements (dyskinesia) devel- 
oped during chronic levodopa or levodopa 
plus carbidopa therapy. Their clinical char- 
acteristics are given in Table 1. Patients 3 
to 5, 7 to 9, and 12 showed off effects 
usually occurring at the end of the dose 
period; patients 2, 10, and 11 showed unpre- 
dictable and dose-unrelated effects; and 
patients 1 and 6 start hesitation.’ Eight 
patients were receiving levodopa plus 
carbidopa therapy and four were receiving 
only levodopa therapy when they entered 
the study (Table 1). One patient was also 
receiving anticholinergic medication. 


Protocols 


Before administration of NPA, the 
patient's basal state was evaluated, fol- 
lowed by the administration of placebo for 
two weeks. Thereafter, NPA was adminis- 


Table 1.—Age and Sex Distribution 
of Patients and Duration of 
Disease and Treatment 


Case No./ 
Patients Age, 
Sex yr 


Duration, yr 
maa 
liness Treatment 
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tered in dosages of 2.5 mg two or three 
times a day for two or three days, and then 
in increments of 5.0 to 7.5 mg/day, on a 
six-times-a-day schedule. Doses of levodo- 
pa or levodopa plus carbidopa were kept 
constant during the initiation period, but 
in some cases were later reduced in an 
attempt to decrease dyskinesia. At the end 
of the test period, therapy with NPA was 
gradually discontinued, replaced by place- 
bo, and the clinical evaluation continued 
for two weeks. The Parkinson and dyskine- 
sia scoring systems described earlier’ were 
used. Scoring was done by at least two 
blind partners at least twice a day when 
the participants were hospitalized and four 
times during each of their weekly or 
bimonthly clinic visits. 

In three patients who were fasting and 
recumbent, plasma GH and dopa levels 
were determined every ten to 15 minutes 
for 5.5 hours, before and during levodopa 
plus carbidopa administration. On alter- 
nate days, the entire procedure was 
repeated in the presence of NPA. Plasma 
GH level was determined according to the 
method of Saito and Saxena’ and plasma 
dopa level was determined with a spectro- 
fluorometric method.* 

All clinical and laboratory data were 
plotted against time and were visually 
inspected. The means and their standard 
errors obtained during placebo administra- 
tion and at the peak of sustained improve- 
ment were computed and their significance 
calculated by Student's t test (Table 2). 

To evaluate the effects of NPA on the 
stability of diurnal symptom control (off 
effects), the standard deviation of the 
mean of the daily Parkinson scores 


Table 2.—Drug Treatment and Parkinson's Scores of Participants Receiving 
and Not Receiving NPA 


Optimum Doses of 
Levodopa (L) or 
Carbidopa (C), g/Day 


Parkinson Scores, Mean + SEM 


obtained in the presence and the absence of 
NPA were computed using the variance 
ratio, F test. The sums of the plasma dopa 
and GH concentrations measured over a 
5.5-hour period, as well as of the paired 
difference analysis with and without NPA, 
were compared. Correlations were sought 
between the plasma GH and dopa patterns 
and between the patients’ Parkinson and 
dyskinesia scores. 


RESULTS 


Coadministration of NPA with sub- 
optimal doses of carbidopa induced a 
dose-dependent improvement (20% to 
50%; mean, 37%) in six of eight 
patients. A comparison of the scores 
obtained from participants receiving 
carbidopa plus levodopa therapy alone 
with the scores obtained at the peak of 
the response to NPA therapy is given 
in Table 2. Substantial improvement 
(43% to 74%) (P — .005) was also seen 
in three of four patients treated with 
NPA while receiving levodopa alone 
(Table 2). The therapeutic benefit 
appeared at the dose of about 30 mg/ 
day, it increased as the dose of NPA 
was increased (mean, 60 mg/day), and 
it was reflected in the diminution of 
tremor, bradykinesia, and rigidity. 
The improvement was less impressive 
in patients with good response to levo- 
dopa administration and more pro- 
nounced in patients with wide fluctua- 
tion of symptom control, particularly 
in those with “end-of-dose” type of 
akinesia.° 

To evaluate the effects of this 
combination on the instability of 
symptom control, the standard devia- 
tions from the means of Parkinson 
scores obtained in the presence and 
absence of NPA were computed and 


Case | ,——————— —— ——— ——À NPA, nN 
No. With NPA Without NPA mg/Day With Placebo With NPA % Change 


C—0.20/2.0 0.12/1.2 45 ot P ah 50* 
2  C—0.08/0.8 0.055/0.55 52 16-3 921 
C—0.08/0.8 0.065/0.65 
C—0.15/1.5 0.10/1.0 
C—0.14/1.4 0.14/1.4 
a 0.06/0.60 
—0.10/1.0 0.085/0.85 
CRT T .25 
L—6.0 


compared (Fig 1). Although the off 
periods were not fully controlled in 
the presence of NPA, their frequency 
and severity were substantially di- 
minished in five patients. Patients 7 
and 8 with mild off effects and 
patient 6 with "start hesitation" gait 
diffieulties did not show substantial 
improvement. 

A representative record (patient 3) 
of the serial scores obtained every 15 
minutes for 5.5 hours in the presence 
and the absence of NPA is shown in 
Fig 2. The effects of NPA on the 


ig 3 
Tt 1 


L39 1941 


14 Not sig- 
nificant 





*P < .05. D s 
tP — 01. neurological scores obtained in a simi- 
iP < .005. lar manner in patients 1, 2, and 3 are 
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given in Table 3. 

The effects of NPA on levodopa- 
induced dyskinesia, on the other hand, 
were not as uniform. As the daily dose 
of NPA approached optimum levels, 
dyskinesia progressively increased in 
the majority of patients. This necessi- 
tated the diminution of the basal 
medication to the levels given in Table 
2. This drug diminution suppressed 
dyskinesia in two patients, showed no 
statistical change in eight patients, 
and in two patients, dyskinesia 
increased with further increments of 
NPA (Fig 3). 

To ascertain whether the effects of 
NPA on the stability of symptom 
control and dyskinesia were reflected 
in the plasma dopa and GH levels, 
serial blood samples were obtained in 
the presence and absence of NPA in 
patients 1 to 3. Table 4 gives the mean, 
SEM, and the sum of values obtained 
during a 5.5-hour period, in the 
presence and in the absence of NPA, 
as well as the paired difference analy- 
sis of the concentration of plasma 
dopa and GH in the three patients 
studied. With the exception of patient 
l, in which the secretion of GH 
increased in the presence of NPA, all 
other values remained essentially un- 
changed. Inspection of the three indi- 
vidual curves showed no substantial 
change in the pattern and magnitude 
of GH secretion with and without 
NPA. With few exceptions, no consist- 
ent correlations were found between 
the peaks and valleys of plasma dopa 
and GH levels and the timing of symp- 
tomatic improvement or the presence 
of dyskinesia. 

Patients 8 and 12 reported an 
increase in libido while receiving NPA 
therapy. Neither nephrotoxicity nor 
hepatoxicity was induced by NPA at 
the doses used. Periods of somnolence 
were observed in four patients with 
the highest dose of NPA. These were 
controlled by diminishing the dose of 
NPA to 60 mg in three patients and to 
40 mg in one patient. During the 
initial phase of NPA administration, 
transitory episodes of nausea (four 
patients), vomiting (two patients), 
and faintness (five patients) were 
induced and were alleviated by reduc- 
ing the rate of drug increments. 

Drowsiness was reported by four 
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Fig 1.—Comparison between standard deviations of mean of scores obtained during 
levodopa or levodopa plus carbidopa therapy and scores prevailing at peak of 
improvement with NPA. 


Fig 2.—Serial Parkinson and dyskinesia scores of participants receiving levodopa plus 
carbidopa therapy (top), and at a later day (bottom), during coadministration with NPA, 
from patient No. 3. 
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Table 3.—Comparison of Serial Scores in the Presence and Absence of NPA 
at Two Different Days 


Paired 
Difference 


Change Analysis 


52* 11 + 2* 
35* 12 + 3* 
267 8 + 37 
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Fig 3.—Comparison between mean of Parkinson and dyskinesia scores during levodopa 


s or levodopa plus carbidopa administration and scores obtained at peak of improvement 


with NPA. 


Levodopa 
Case No./ Plus 
Patient's Sex Carbidopa 


766.4 + 131.6 
1,242.3 + 260.2 
2,164.7 + 329.2 


patients while they were receiving the 
highest dose of NPA. Although NPA, 
as reported earlier,’ induced psychiat- 
rie manifestations when given in 
large doses, in the doses used here no 
such effects were observed. 


COMMENT 


The improvement in symptom con- 
trol produced by the administration of 
NPA with levodopa plus carbidopa 
was similar to that of levodopa plus 
NPA, indicating that the presence of 
the inhibitor, carbidopa, was not a 
determinant in the induction of these 
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Levodopa Plus 
Carbidopa 
Plus NPA P 


Plasma Dopa Level, ng/ml, Mean + SEM 


663.5 + 90.9 NS 
748.7 + 137.7 NS 
1,804.1 + 235.4 NS 


Table 4.—Plasma Dopa and Growth Hormone Levels in Patients Receiving 
Carbidopa With and Without NPA 


Paired 
Difference 
Analysis 


103.0 + 161.9 
493.6 + 253.2 
360.6 + 323.2 


Plasma GH Level, ng/ml, Mean + SEM 
M SS 
5.7 € 0.5 


<.001 —5.0 + 0.6 <.001 





effects. This improvement was evi- 
dent even in the presence of subopti- 
mal doses of levodopa or levodopa plus 
carbidopa, suggesting a synergistic 
action between levodopa and NPA 
when given concomitantly. 

The beneficial effects of this regi- 
men were less apparent in patients 
with better response to anti-Parkin- 
son therapy and more impressive in 
patients with substantial on-off ef- 
fects, particularly in those with “end- 
of-dose” akinesia." 

In an attempt to explain the oscilla- 
tions in symptom control observed in 


some patients during long-term levo- 
dopa therapy, peripheral as well as 
central mechanism have been sug- 
gested. Among the former are varia- 
tions in the dopa’s absorption, plasma 
dopa levels," and transport'*'* and 
possible effects of certain circulating 
neuroactive peptides on levodopa’s 
metabolism." However, peripheral 
factors alone have not explained 
adequately the origin and nature of 
these events, ^^^ and they have sug- 
gested that central factors must have 
an important function, as well. The 
diurnal oscillations from a hyperkinet- 
ic to an akinetie state support the 
notion that a central pharmacological, 
rather than a structural, change may 
be primarily responsible for these 
effects, whereas structural ones are 
expected to underlie the progressive 
loss of symptomatic control observed 
with passing time. The present obser- 
vations, although they do not define 
the site of the actions of NPA, support 
these notions. 

It was shown in animals that 
apomorphine and NPA act directly on 
the postsynaptic dopamine (DA) re- 
ceptor,” and it is conceivable that in 
man, NPA induced its effects by a 
similar central mechanism. The abili- 
ty of both injected APO™*° and oral 
NPA? to improve the patient's per- 
formance during akinetic periods sug- 
gests that the disturbances of motor 
function during levodopa therapy 
might, indeed, reflect pharmacologi- 
cal, ie, cerebral DA deficiency, rather 
than structural changes alone, and 
that alterations in receptor respon- 
siveness might not be the underlying 
mechanism for these phenomena.” 
The lack of further response to NPA 
in some patients with severe disease 
might, furthermore, indicate depen- 
dence of this agent's actions on the 
integrity of the neuron, whereas lack 
of improvement in cases with mild 
disease and fair control might be due 
to a maximum DA stimulation under 
levodopa therapy. Our biochemical 
results have shown that NPA exerted 
its effects without altering peripheral 
factors. Although NPA given alone 
was found to stimulate GH secretion 
to the same degree as levodopa plus 
carbidopa,’ the magnitude and pat- 
tern of GH secretion, when the drugs 
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are given concomitantly, did not 
differ from that of either drug given 
alone. In these experiments, no con- 
sistent correlations were found be- 
tween GH secretion pattern and the 
magnitude and timing of the clinical 
improvement or emergence of dyski- 
nesia, which suggested that stimula- 
tion of GH by levodopa may not be 
related to levodopa’s therapeutic and 
side effects. The possible role of GH 
secretion in response to levodopa in 
the long-term treatment of parkin- 
sonism suggested earlier? has also 
been questioned by others.** Similarly, 
the wide plasma dopa fluctuations 
present in the three patients with 
extreme fluctuations of symptom con- 
tro| remained unaffected by NPA. 
Although their motor performance 
improved with NPA, the timing and 
magnitude of the improvement or the 
appearance of side effects did not 
correlate with the peaks and valleys of 
plasma dopa, thus indicating a lack of 
consistent correlations between these 
responses and plasma dopa levels. 

Whereas in previous studies? NPA 
appeared to exert antagonistic effects 
to levodopa-induced dyskinesia, in 
these experiments, such an effect 
could not always be demonstrated 
despite the substantial diminution of 
levodopa or carbidopa. The lack of 
antagonistic effects of NPA to levodo- 
pa's side effects might have been due 
to the small doses used, which were 
insufficient to exert antagonistic ef- 
fects. 

The similarities of the therapeutic 
responses and side effects between 
levodopa and NPA when given alone, 
the lack of substantial antagonism 
when they are given together, and 
the fact that antidyskinetic effects 
could be seen when basal medications 
were sufficiently reduced, suggest 
that these agonists may act on the 
same receptor. These notions and the 
fact that the use of direct DA-receptor 
agonists have alleviated some of the 
problems in only some patients furth- 
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er suggest that these agents might 
lack sufficient selectivity in stimulat- 
ing or blocking different types of DA 
receptors.^ It appears that efforts at 
developing agonists with such proper- 
ties are worthy of further investiga- 
tions. Such agents might be the N,N- 
di-substituted DA analogs that have 
been shown to have different dopa- 
minergic effects on several in vivo in 
vitro systems.***" 


William P. Blackmore, MD, and Walter Fuhr- 
man, project director, provided assistance; the 
Sterling-Winthrop Research Institute, Rensse- 
laer, NY, furnished the N-n-propyl norapomor- 
phine (NPA, WIN 28929); Ying Y. Wang, PhD, 
provided statistical analysis of the data; Srinivas 
Rao, MS, provided technical assistance; and Mary 
Clarke gave secretarial assistance. The facilities 
were provided, in part, by the Rockefeller 
University Hospital, New York. 


Nonproprietary Name 
and Trademarks of Drug 


Levodopa—Bendopa, Dopar, Larodopa. 
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Familial Juvenile 


Neuronal Storage Disease 


New Disease or Variant of Juvenile Lipidosis? 


Yasuto Itoyama, MD; Ikuo Goto, MD; Yoshigoro Kuroiwa, MD; 
Masashi Takeichi, MD; Masaru Kawabuchi, MD; Yukio Tanaka, PhD 


® Two patients had an illness charac- 
terized by a positive family history, juve- 
nile onset, macular cherry-red spots, 
myoclonus, generalized convulsions, and 
cerebellar ataxia. Neither had dementia, 
gargoyle facies, bone or joint deformities, 
or visceromegaly. 

Vacuolated lymphocytes were not seen 
in the peripheral blood or bone marrow. 
Specimens from the rectum and vermi- 
form appendix showed Sudan black B-, 
Sudan Ill-, and PAS-positive granules 
within the neurons of the myenteric 
plexus. On electron microscopic exami- 
nation, lysosome-like bodies, membra- 
nous cytoplasmic bodies, pleomorphic 
lamellated bodies, dense bodies, and 
lipofuscin-like bodies in the neurons were 
seen, with a suggestion of morphological 
transitional forms among them. 

Sialoglycopeptides, especially sialic 
acid, were increased in the urine, but 
excretion of acid mucopolysaccharides 
was normal. Assays of lysosomal en- 
zymes in leucocytes showed normal enzy- 
matic activity. 

On the basis of the clinical, biochemi- 
cal, and histological results, we suggest 
that these two cases and four similar 
cases reported in the literature be classi- 
fied differently from the previously de- 
scribed lipidoses, although it is not known 
whether these cases represent a new enti- 
ty or merely a clinical variant of juvenile 
lipidosis. 

(Arch Neurol 35:792-800, 1978) 
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any cases of lipid storage disease 
have been described." Au- 
thors have proposed tentative classifi- 
cations based on clinical or clinico- 
pathological considerations.'* Al- 
though several enzymatic defects 
have recently been found in infantile 
or juvenile-onset lipidosis, ° the un- 
derlying biochemical abnormalities 
have not been elucidated in most cases 
of juvenile- or adult-onset lipidosis. A 
syndrome characterized by juvenile 
onset, presence of cherry-red spots, 
cerebellar signs and symptoms, and 
myoclonus has been only described by 
a few authors." 

We treated two brothers with a 
juvenile-onset neuronal storage dis- 
ease characterized by, cherry-red 
spots, cerebellar manifestations, and 
myoclonus without mental deteriora- 
tion. 


REPORT OF CASES 


Case 1.—A 17-year-old boy had noticed 
the gradual onset of difficulty in walking, 
writing, and bicycling since the age of 14 
years. At age 15 years, he had had a 
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generalized convulsion. Seizures recurred 
once every month or two despite anticon- 
vulsant therapy. Thereafter, he noticed 
difficulty in speaking and reading. These 
symptoms gradually became worse until he 
was unable to walk, dress, or feed himself 
without aid when he was 17 years of age. 
He had otherwise been in good health 
throughout his childhood except that he 
had had varicella when he was 16 years old. 
His school performance had been above 
average. His parents were first cousins and 
were healthy. His elder brother had a simi- 
lar disorder (ease 2); all his other relatives 
were in good health (Fig 1). 

Examination on admission showed a boy 
of normal stature and physical proportion 
without gargoyle facies, joint or bony 
deformities, or visceromegaly. He had no 
intellectual impairment. His verbal IQ on 
the Wechsler Adult Intelligence Scale 
(WAIS) was 95. His vision was 20/50 OD 
and 20/100 OS. He had bilateral macular 
cherry-red spots with mild optic atrophy 
(Fig 2). Mild lens turbidity was evident on 
examination with the slitlamp: there was 
no corneal clouding. Ocular movement was 
not smooth, but no nystagmus was noted. 
He had difficulty in speaking and showed 
explosive speech. He also had difficulty in 
swallowing, and palatal myoclonus was 
sometimes observed. The other cranial 
nerves were intact. Muscle tone in all 
extremities was mildly decreased. He 
showed severe limb and truncal ataxia, 
intention myoclonus of all extremities, and 
hyperactive reflexes of the lower extremi- 
ties. He was unable to walk. Motor weak- 
ness, muscle atrophy, sensory impairment, 
and sphincter impairment were not found. 
Generalized myoclonus was induced and 
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exacerbated by different stimuli (eg, 
attention, emotion, and voluntary activity). 
The neurological manifestations in this 
case were consistent with dyssynergia 
cerebellaris progressiva and grand mal 
epilepsy. 

Laboratory examination showed a mild 
elevation of SGOT and alkaline phospha- 
tase and a mild decrease of total serum 
lipid and cholesterol. The serologic test for 
syphilis was negative. Results of the 
following studies were normal: urinalysis, 
fecal examination, CBC count, ESR, 
C-reactive protein, antistreptolysin-O tit- 


Fig 1.—Pedigree of family. Cross indicates 
dead; dark squares, examined, affected 
with trait; arrow, proband; numbers, pres- 
ent age. 





er, protein electrophoresis, glucose toler- 
ance test, and radioactive iodide resin 
uptake. The following serum values were 
also normal: lactic dehydrogenase (LDH), 
electrolytes, creatinine, BUN, protein, tri- 
glycerides and phospholipids, thyroxine, 
and protein-bound iodine. In the urine, the 
17-ketosteroid and 17-hydroxyketosteroid 
levels were normal. When immunoglobulin 


studies were done, the levels of IgG, IgA, 


and IgM were normal. No vacuolated 
lymphocytes were seen in the peripheral 
blood or bone marrow. Examination of the 
CSF disclosed only a rise in the protein 


Fig 2.—Fundus of right eye (patient 1). 
Cherry-red spot in center of macula. 





Fig 3.—Ganglion cells in myenteric plexus of rectum filled with 
number of inclusion bodies with various densities and sizes (case 
1). Some of lysosome-like bodies contain lamellated membranes. 


Arrows indicate transitions between lysosome-like bodies and 
membranous structures. M indicates membranous cytoplasmic 
body; P, pleomorphic lamellated body; D, dense body (uranyl 


acetate and lead citrate x 7,200). 
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19 mg/dl) The RCG was within 


The EEG showed diffuse, 
occasional 


level ( 
normal limits. sl 
irregular, slow-wave activity, | 
rhythmic @wave bursts; and moderate 0- 


Hz amplitude spike and wave bursts. The 
patient was not photosensitive. Visual 
evoked responses were normal. Somatosen- 
sory evoked potentials showed high ampli- 
tude. Roentgenographic examinations of 
the skull, long bones, spinal column, and 
chest were normal. Motor nerve conduction 
velocities of the ulnar and tibial nerves and 
sensory nerve conduction velocity of the 
sural nerve were 56.8, 38.4, and 53.0 m/s, 
respectively. These were normal. 

During hospitalization and after dis- 
charge, the patient had generalized convul- 
sions once a month despite the anticonvul- 
sant drug regimen. However, diazepam, 
phenobarbital, and nitrazepam were effec- 
tive in controlling the myoclonus. At pres- 
ent, he reads the newspaper, listens to the 
radio, and watches television, and he is able 
to understand them very well. 

Case 2.—An elder brother of patient 1 
was in good health throughout his child- 
hood. He had noted visual disturbance at 
the age of 10 years, and had difficulty in 
walking at the age of 12 years. At 13 years 
of age, intention tremors, myoclonus of the 
trunk and extremities, and difficulty in 
speech developed. His first generalized 
convulsion occurred at that time. These 


Fig 4.—Ganglion cell with lysosome-like body (L) and pleomor- 
phic lamellated body (P) (case 2). Arrows indicate transitions 
between lysosome-like bodies and membranous structures (ura- 


nyl acetate and lead citrate x 12,800). 
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Fig 5.—Ganglion cell in myenteric 
plexus containing lysosome-like 
bodies (arrows), membranous cyto- 
plasmic bodies (M), and pleomor- 
phic lamellated bodies (P)(case 1). 
C indicates collagen fibrils (uranyl 
acetate and lead citrate x 9,200). 


Fig 6.—Ganglion cell with lysosome-like 
bodies (L), membranous cytoplasmic body 
mq (M), and pleomorphic lamellated body (P) 
v (case 1) (uranyl acetate and lead citrate, 
2» x 27,500). 
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Fig 7.—Ganglion cell with lysosome-like bodies (L), membranous cytoplasmic bodies (M), and pleomorphic lamellated 
bodies (case 1). Some pleomorphic lamellated bodies (arrows) exhibit lipofuscin-like appearance (uranyl acetate and 
lead citrate, x 8,500). 


Fig 8.—Neuron containing abundant lysosome-like bodies (L) and several lipofuscin-like bodies (LF), case 1. N 
indicates Nissl's body (uranyl acetate and lead citrate, x 4,500). 
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symptoms gradually became worse, and he 
was admitted to the hospital at age 13 
years. His school performance meanwhile 
had been good. 

Examination on admission showed nor- 
mal stature and good nourishment. The 
boy had no gargoyle facies, bone or joint 
deformities, lymphadenopathy, hepato- 
megaly, or intellectual impairment. His 
verbal IQ on a WISC test was 99. His vision 
was 20/30 OD and 20/40 OS. Bilateral 
macular cherry-red spots were present. His 
ocular movement was not smooth, but 
nystagmus was not present. He had diffi- 
culty in speaking and demonstrated explo- 
sive speech. The other cranial nerves were 
intact. Muscle tone in all extremities was 
decreased. Noteworthy limb and truncal 
ataxia, intention myoclonus of extremities, 
and myoclonus in the trunk and extremi- 
ties were present. He also had a wide-based 
gait and difficulty in walking. The muscle 
stretch reflexes were normal. Mild muscle 
atrophy was noted in the lower extremi- 
ties. Neither motor weakness, sensory 
impairment, nor sphincter disturbances 
were found. 

The following laboratory studies gave 
normal results: urinalysis; fecal examina- 
tion; CBC count; SGOT, SGPT, serum 
LDH, serum electrolyte, and BUN levels; 
and bromsulphalein excretion. No vacuo- 
lated lymphocytes were seen. The EEG 
showed diffuse, irregular slow-wave activi- 
ty with spike and wave bursts. 

His symptoms were slowly progressive, 
and he died at the age of 18 years. He had 
normal intelligence until his death. No 
autopsy was performed. 


MATERIALS AND METHODS 
Enzyme Assays 


Extracts of leukocytes were prepared by 
the method of Kampine." The activities of 
a-galactosidase, B-galactosidase, N-acetyl- 
B-glucosaminidase, and N-acetyl-5-galac- 
tosaminidase were determined by the 
modified method” of Kint.” 


Urinary Tests 


Urine was collected for 24 hours, and acid 
mucopolysaccharides and  glycoproteins 
were separated by the method of Tanaka et 
al Four fractions were obtained by 
diethylaminoethyl cellulose column chro- 
matography. The first fraction contained 
only neutral glycoprotein. The second frac- 
tion, A (2A), was acidic glycoprotein. The 
major component of the second fraction, B 
(2B), was acidic glycoprotein, and a minor 
part of it was heparin sulfate. The third 
fraction disclosed acid mucopolysaccha- 
rides (heparin sulfate, dermatan sulfate, 


‘and chondroitin sulfate). The total protein 


was measured by the method of Lowry et 
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Fig 9.—Higher magnification of Fig 8. Neuron contains lysosome-like bodies (arrows) and 
lipofuscin-like (LF) bodies (uranyl acetate and lead citrate, x 17,500). 


al,^ neutral sugar by the method of Winz- 
ler,’ glucuronic acid using carbazole" and 
orcin," sialic acid level by the thiobarbitur- 
ic acid method," and aminosugars by 
single-channel chemical analysis. 


Histologic Studies 


Portions of the biopsy specimens of the 
vermiform appendix and the rectum were 
immediately fixed with 10% formaldehyde 
solution and embedded in paraffin. Paraf- 
fin sections were stained with hematoxy- 
lin-eosin (HE), PAS, and Bodian. Frozen 
sections were made and stained with HE, 
PAS, Sudan III, Sudan black B, Luxol fast 
blue, Nissl, Nile blue, and toluidine blue. 

Other portions of the biopsy specimens 
were immediately fixed in cold 1% osmic 
acid solution, buffered to a pH of 7.3 with 
sodium cacodylate, postfixed in cold 3% 
glutaraldehyde solution, and embedded in 
epoxy resin according to the method of 
Luft?" The sections were stained with 
uranyl acetate and lead citrate for electron 
microscopic examinations. 


RESULTS 
Enzyme Assays 


The leukocyte a-galactosidase, f- 
galactosidase, N-acetyl-6-glucosami- 
nidase, and N-acetyl-£-galactosamini- 


dase activities in case 1 were 9.5 
(normal, 9.3 to 14.4), 32.1 (normal, 25.8 
to 54.0), 406.1 (normal, 251.1 to 433.2), 
and 35.4 (normal, 28.5 to 44.7) nano- 
moles of substrate hydrolyzed per 
hour per 10° cells, respectively. These 
studies were not performed in case 
2. 


Urinary Tests 


The urinary excretion of acid muco- 
polysaccharides in case 1 was 1.8 mg/ 
liter of carbazol uronic acid (control 
values, less than 3.94 mg/liter), which 
was within normal limits. The values 
of urinary acidic glycoprotein in case 1 
were 19.54 mg/dl in fraction 2A and 
7.37 mg/dl in fraction 2B, increases of 
six to eight times the control levels 
(control values, 2.70 mg/dl in fraction 
2A and 1.35 mg/dl in fraction 2B). The 
sialic acid levels in the urinary acidic 
glycoprotein in case 1 were 6.57 mg/dl 
in fraction 2A and 1.95 mg/dl in frac- 
tion 2B. These were substantially 
inereased (control values, 0.66 mg/dl 
in fraction 2A and 0.34 mg/dl in frac- 
tion 2B). These studies were not 
performed in case 2. 
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Fig 10.—Neuron in case 1 containing number of lipofuscin-like bodies (LF) and dense 
bodies (D). S indicates smooth muscle; C, collagen fibrils (uranyl acetate and lead 
citrate, x 6,300). 


Histological Examinations 


On light microscopic examination in 
case l, neurons in Auerbach's and 
Meissner's plexus were mildly swollen 
and had abnormal deposits that con- 
tained | numerous granules that 
stained with Sudan black B, Sudan III, 
and PAS. 

On electron microscopic examina- 
tion in case 1l, the ganglion cells in 
these plexus contained numerous ab- 
normal inclusions showing various 
degrees of ballooning of the cyto- 
plasm. About 10% of the neurons 
encountered had a well-developed net- 
work of rough endoplasmie reticulum, 
many clusters of ribonucleoprotein 
particles, a small number of lipofus- 
cin-like bodies (LFLB) and electron- 
dense bodies (DB) in the cytoplasm. 
Another 10% of the neurons showed a 
mild to moderate increase in the 
number of cytoplasmic inclusions and 
neurofibrils and had an unusually 
extensive and electron-dense, rough- 
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surfaced endoplasmic reticulum. The 
remainder of the neurons (approxi- 
mately 80%) were moderately or 
severely distended and showed a 
moderate to remarkable increase in 
the number of electron-dense inclu- 
sion bodies. 

These abnormal inclusions showed 
extreme morphological variations as 
follows (Fig 3 through 12). 

Lysosome-Like Bodies (LYLB).— 
These were round or oval bodies 
encased by a single membrane and 
containing finely granular material or 
vesicles varying in length between 300 
and 800 A that contained osmiophilic 
material. The content of the vesicles 
was usually homogenous and of low 
electron density. Their diameter 
ranged from 0.2 to 2.0 u. Occasionally, 
the contained lamellated membranes 
in the central or marginal area; these 
resembled membranous cytoplasmic 
bodies (MCB) (Fig 3 through 6). 

MCB.—These were round or oval 
bodies bound by a single membrane 


and ranged from 0.8 to 1.5 u in diame- 
ter. These were composed of close- 
packed, electron-dense membranes, 
frequently arranged in an orderly 
fashion. These MCB showed con- 
centric lamellated structures with 
alternate light and dark zones varying 
in periodicity from 42 to 55 A. Low 
electron-dense homogenous materials 
were seen in the center of these bodies 
(Fig 3, 5 through 7). 

Pleomorphic ^ Lamellated ^ Bodies 
(PLB).—In the distended neurons, the 
predominant inclusion bodies were 
larger, complex PLB. They were 
bound by a single limiting membrane, 
and their diameters varied from 0.4 to 
7.0 u. The PLB contained concentric, 
flat, zebra-like or irregularly shaped 
membranous structures. Giant forms 
of the PLB contained two or more 
fused cytoplasmic inclusions. Some of 
the PLB resembled LFLB (Fig 3 
through 7). 

LFLB.—These LFLB were round, 
oval, or irregular and were bound by a 
single membrane. Their diameter 
ranged from 0.2 to 2.0 u. They con- 
tained less dense vesicular structures, 
with electron-dense granular mem- 
branous materials (Fig 8 through 
10). 

DB.—These DB contained homoge- 
nous electron-dense material or less 
electron-dense material. The diameter 
of DB varied from 0.5 to 1.0 y (Fig 
10). 

Various patterns of transitional 
forms could be recognized among the 
LYLB, MCB, and DB. Moreover, MCB 
or PLB with increased density were 
morphologically indistinguishable 
from DB or LFLB. 

In the Schwann cells of the myente- 
ric plexuses, the inclusion bodies were 
abundant as well, and their structures 
were similar to those seen in ganglion 
cells (Fig 11). Some of the axons were 
remarkably distended and contained 
osmiophilie dense materials that 
somewhat resembled membranous 
structures (Fig 12). 

The histological findings in case 
2 were nearly identical to those in 
case 1. 


COMMENT 








Sachs), late infantile form (Jansky- 
Bielschowsky), juvenile form (Batten- 
Spielmeyer-Vogt), and adult form 
(Kufs). 

The typical ophthalmoscopic picture 
of cherry-red maculae is observed in 
the infantile forms of gangliosidosis 
such as Tay-Sachs, Sandhoff, and 


Niemann-Piek diseases?" and in 
some of the  mucopolysacchari- 
doses.?*?* Our two patients had macu- 


lar cherry-red spots and various neu- 
rological manifestations of juvenile- 
onset disease suggestive of a juvenile 
form of cerebromacular degeneration 
or lipidosis. Patients with lipidosis of 
juvenile onset do not usually show 
macular changes. Cerebromacular de- 
generation, or amaurotic idiocy, is 
usually characterized by a progressive 
decrease in vision and a progressive 
dementia with convulsion and weak- 
ness. However, our two patients 
showed neither dementia nor amauro- 
sis. In the absence of the characteris- 
tic humoral and organ changes, it is 
felt that Niemann-Pick disease may 
be excluded from the differential 
diagnoses. The normal urinary acid 
and mucopolysaccharide excretion and 
the absence of gargoyle facies and 
bony deformities in our patients may 
also exclude the diagnosis of the ordi- 
nary mucopolysaccharidoses. The fea- 
tures of the illness in our patients 
were onset in the juvenile period, 
familial occurrence, myoclonus, gener- 
alized convulsion, cerebellar ataxia, 
and macular cherry-red spots. There 
was no dementia. We were able to 
find only four similar cases in the 
literature.*'^ 

Rapin and Scheinberg? reported two 
patients with severe intention myoclo- 
nus, cherry-red spots without amauro- 
sis, and no evidence of dementia. One 
of these was previously reported by 
Gonatas et al^ Tittarelli et al 
reported one case: a young man had 
onset at age 20 years, and he had 
myoclonus,  orolingual dyskinesia, 
cherry-red spots, and no dementia. 
Guazzi et al? also reported one case in 
a woman; onset was at age 21 years, 
and the disease was characterized by 
action myoclonus, generalized convul- 
sions, cherry-red spots, and no demen- 
tia. 

Tittarelli et al’ and Guazzi et al 
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stated that their patients had normal 
EEGs. Engel et al^ performed electro- 
physiological studies in two cases and 
suggested that low-voltage, fast-back- 
ground activities in all leads, punc- 
tuated by paroxysmal bursts of sym- 
metrical, sharp-vertex positive spikes, 
were characteristic of the EEG in this 
group of lipidoses. However, our two 
patients did not show this EEG 
pattern, but rather had diffuse, irreg- 
ular slow-wave activity with spike and 
wave bursts. Although the causes of 
the EEG differences between their 
patients and ours are obscure, these 
might be due to difference in the 
stage of the disease. 

On histological examination, our 
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Fig 11.—Schwann cells in myenteric plexus has many lysosome-like bodies, dense 


bodies, and lipofuscin-like bodies (case 1). N indicates neuron; SN, Schwann cell 
nucleus (uranyl acetate and lead citrate, x 4,800). 





patients had an abnormal accumula- 
tion of PAS-, Sudan III-, and Sudan 
black B-positive materials in the 
neurons of the  Auerbach's and 
Meissner's plexus. 

Electron microscopic examination 
in our eases showed LYLB, MCB, 
PLB, and LFLB in the neurons. The 
demonstration of acid-phosphatase 
activity, which is used as marker of 
lysosomes, was not performed in our 
cases. Therefore, the identification of 
LYLB was based on the apparent 
ultrastructural similarity of these 
inclusions. Some LYLB contained fine 
granular material, vesicular struc- 
tures, and lamellated membranes, 
which resembled the appearance of 
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Fig 12.—Axon (A) contains number of osmiophilic dense bodies with various densities and diameters (case 1, uranyl 


acetate and lead citrate, x 13,500). 


MCB. Occasionally, PLB contained 
two or more fused cytoplasmic inclu- 
sions. Some PLB resembled LFLB 
and DB. Large numbers of LYLB 
were often seen in the neurons, which 
had an increased number of LFLB. 
Thus, transitional forms between the 
LYLB, MCB, PLB, LFLB, and DB 
were found in the neurons of our 
patients; this suggests morphological 
transitions among them. Gonatas et 
al also reported a possible transition 
from LYLB to LFLB through mem- 
branovesicular bodies in their case. 
The MCB seen in our cases closely 
resembled those of Tay-Sachs dis- 
ease and GM,-gangliosidosis." The 
typical Tay-Sachs-like MCB are usual- 
ly not found in juvenile lipidosis, 
although Gonatas et al^ and Suzuki et 
al^ described abnormal eytosomes (ie, 
granular LFLB membranovesicular 
bodies, or compound bodies in the 
brain) in patients with juvenile lipido- 
sis. Gonatas et alë also reported that 
an enormous increase of lipofuscin 
was seen in the brain. Our patients, 
however, showed a mild to moderate 
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increase of LFLB in the myenteric 
plexus. Thus, the abnormal cytoplas- 
mic inclusions seen in the myenteric 
plexus of our patients appear to be 
different morphologically or quantita- 
tively from those in the brain of the 
patient reported by Gonatas et al; this 
might be due to the differences 
between organs (ie, between the brain 
and the intestine) or to the stage of 
disease. Curvilinear bodies? or the 
fingerprint pattern, which have been 
described in other cases of juvenile 
lipidosis, were not encountered in our 
cases. The electron microscopie find- 
ings in our cases differ from those of 
the infantile or juvenile form of lipi- 
dosis described previously. Volk 
et al* reported electron microscopic 
findings in late infantile lipidosis that 
were similar to ours. However, the 
clinieal findings and course in their 
case differ from those in our cases. 
Since the storage substance and the 
enzymatic defect have been shown in 
infantile or late infantile lipido- 
sis,^^7*?*** the nomenclature such as 
GM,- or GM.-gangliosidosis is prefer- 


able in these cases. The previously 
described four patients had no enzy- 
matic defect."'^ Similarly, patient 1 
had no lysosomal enzymatic defect 
involving a-galactosidase, £-galactosi- 
dase, N-acetyl-5-glucosaminidase and 
N-acetyl-8-galactosaminidase in the 
leukocytes. The clinical manifesta- 
tions and biochemical results suggest 
that these cases are not Tay-Sachs 
disease or a variant form of GM.- 
gangliosidosis. The biochemical ab- 
normality seen in case 1 was the 
presence of increased urinary excre- 
tion of sialoglycopeptides, especially 
sialic acid. This new information 
might be the key to determining the 
enzymatic defect in this disease. 

As indicated previously, the clinical, 
biochemical, and histological results in 
our cases suggest that the previously 
described four cases and our cases 
should be classified as separate types 
that differ from the previously de- 
scribed lipidoses. Further studies are 
necessary to elucidate the enzymatic 
defects or biochemical abnormalities 
in these cases. 
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Error in Unit of Measure.—In the article titled "Acetazolamide in the 
Treatment of Pyruvate Dysmetabolism Syndromes," published in the 


May ARCHIVES (35:302-305, 1978), the unit of measure used for the 
lactate measurements is incorrect. Throughout the article where lactate 
measurements appear the correct unit should be mEq/liter and not 
mg/dl. 
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Reincarnation in Cultured Muscle 
of Mitochondrial Abnormalities 


Two Patients With Epilepsy and Lactic Acidosis 


Valerie Askanas, MD; W. King Engel, MD; Daniel E. Britton, MD; 


Bruce T. Adornato, MD; Robert M. Eiben, MD 


€ Two unrelated 9-year-old boys failed 
to thrive from ages 5 and 4 years, and had 
focal cerebral seizures followed by trans- 
cent hemipareses. Histochemistry of their 
muscle biopsies showed "''ragged-red" 
fibers, which ultrastructurally contained 
clusters of mitochondria having loss of 
crisp delineation of crista membranes and 
contained amorphous inclusion material 
and parallel-packed cristae and some- 
times paracrystalline inclusions. 

In the patients' cultured muscles, simi- 
lar mitochondrial abnormalities were 
present. 2,4-Dinitrophenol, introduced to 
the medium of cultures of normal human 
muscle, produced mitochondrial abnor- 
malities similar to those of the patients', 
and the medium of the patients' muscle 
cultures worsened the mitochondrial ab- 
normalities. This study, in demonstrating 
a mitochondrial defect reproducible in the 
cultured muscle fibers and, therefore, 
intrinsic to the ragged-red muscle fibers 
themselves, raises the póssibility of a 
collateral mitochondrial defect in CNS 
cells as part of a multicellular mitochon- 
driopathy. 

(Arch Neurol 35:801-809, 1978) 


tients with involvement of the 

CNS, lactic acidosis, and numerous 
abnormal mitochondria in their mus- 
cle have been described, but the patho- 
genesis of those syndromes has not 
been elucidated.' In this article, we 
record the reproduction in cultured 
muscle fibers of mitochondrial abnor- 
malities present in the original muscle 
biopsies of two patients with epilepsy, 
short stature, and lactic acidosis. 
Reincarnation of mitochondrial ab- 
normalities in muscle cells cultured 
from the patients in an environment 
free of humoral, vascular, and neural 
influences demonstrates a mitochon- 
drial defect intrinsic to those cells and, 
thereby, raises the possibility of a 


collateral mitochondrial defect in CNS 
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cells as part of a multicellular mito- 
chondriopathy. 


REPORT OF CASES 


CasE 1.—A 9-year-old boy was considered 
to be normal until the age of 5 years, when 
he had a bout of severe dehydration asso- 
ciated with fever, nausea, and vomiting. 
After that episode, he stopped growing, 
has been generally listless and weak, and 
for the past 1% years has had intermittent 
abdominal pain of unknown cause. At 8 
years of age, right and left focal seizures 
developed followed by transient left and 
right hemipareses and aphasia. On exami- 
nation, he was short (height, 120 cm) and 
thin (weight, 17 kg), of slightly decreased 
mental function, and was slightly weak 
generally. He had both receptive and 
expressive aphasia, slight weakness, hyp- 
er-reflexia, and a left extensor plantar 
response. Routine blood chemistry tests 
were essentially normal except for in- 
creased levels of lactates, 33 mg/dl 
(normal, 5 to 10 mg/dl), and pyruvate, 1.3 
mg/dl (normal 0.3 to 0.9 mg/dl), and slight- 
ly increased levels of creatine phosphoki- 
nase, 224 units/liter (normal, less than 200 
units/liter). Cerebrospinal fluid contained 
54 mg/dl of protein (normal, less than 45 
mg/dl) and increased levels of lactates, 45 
mg/dl (normal, less than 14 mg/dl). The 
EEG was grossly abnormal, showing 
epileptiform discharges localized over the 
left posterior temporal parietal region and 
delta activity over both hemispheres; no 
normal a-rhythm was seen. There was no 
family history of similar illness. 

Case 2.—A 9-year-old boy was well until 
age 4 years, when “allergic rhinitis” devel- 
oped. Then, for 1% years he was listless, 
remained thin, and did not grow in height. 
He was not fully able to participate in 
strenuous physical activity. At age 7, right- 
sided headache and left focal seizures 
developed, followed by left-sided hemipar- 
esis and a left homonymous hemianopia. In 
a few months, the left-sided hemiparesis 
subsided and right focal seizures developed 
followed by transient right-sided hemipar- 
esis, and then, again, the transient left 
focal seizures and transient left-sided 
hemiparesis. On examination, his height 
was 130 cm and weight was 21 kg. He was 
alert without obvious dementia. He was 
slightly weak generally, had a peculiar 
wobbly gait, and occasionally was unable to 
do tandem walking. He had dysmetria 
bilaterally on finger-to-nose and heel-to- 
shin testing. Results of blood chemistry 
tests were normal except for increased 


levels of lactate, 26 mg/dl, and pyruvate, 
1.2 mg/dl. The EEG was grossly abnormal, 
showing diffuse slowing of the background 
rhythm over the right posterior hemi- 
sphere, multifocal epileptiform activity 
originating from the right temporal, right 
occipital, and left parietal regions, and 
epileptiform K-complex activity. 

A diagnostic muscle biopsy speci- 
men was obtained from each patient 
under local anesthesia. Portions were 
processed for light microscopy with a 
battery of 16 histochemical reactions,’ 
and for electron microscopy.’ Another 
portion of each muscle biopsy was 
used for tissue cultures, grown accord- 
ing to our standard procedure." Thir- 
ty petri dishes were established from 
each patient’s muscle biopsy and from 
the biopsy specimens of four control 
patients without evidence of patholo- 
gy. Cultures were fed every second 
day. To the media of ten petri dishes 
of each set, after the first week of 
growth, 0.5 mM of 2,4-dinitrophenol 
(DNP) was introduced for one to 
seven days. Living cultures were 
examined daily under an inverted 
microscope. At ages of one, two, three, 
and four weeks, cultures were fixed 
and embedded for electron micros- 
copy. Cytochrome-oxidase staining 
for electron microscopy" was per- 
formed on the regular cultures and on 
those treated with DNP, from the 
patients and controls. Thin sections of 
cultured muscle fibers of potentially 
high interest, preselected by a special 
light miseroscopic technique, were 
examined with an electron micro- 
scope. All studies were performed on 
muscle fibers newly grown in vitro. 


RESULTS 
Pathologieal findings in the two 
patients were identical and are 


described together. 
Morpholocy of Muscle Biopsy 


Modified trichrome’ and succinic 
dehydrogenase stainings showed rag- 
ged-red fibers? in an overall normal- 
looking muscle biopsy (Fig 1 and 2). 
All affected fibers were histochemical 
type-I. Ultrastructurally, the ragged- 
red fibers had clusters of mushy-look- 
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ing mitochondria (lacking a crisp 
appearance of membranes); some mi- 
tochondria were enlarged and had 
distorted or parallel-packed cristae, 
and some had paracrystalline inclu- 
sions (Fig 3 through 5). The affected 
fibers also had an increased number of 
lipid droplets (Fig 6). Type-II muscle 
fibers seemed normal in both light 
and electron microscopic studies. 


F 


Morphology of Cultured Muscle 


Biopsies of both patients produced 
abundant growth of muscle cells in 
culture. .Cultured muscle fibers ap- 
peared normal until about two weeks 
of growth and ultrastructurally were 
well cross-striated (Fig 7 and 8). After 
two weeks, “granules” were ap- 
pearing in the muscle fibers (Fig 9). 
Electron microscopic studies per- 
formed on cultured muscle fibers that 
had just become granulated showed 
abnormally large mitochondria. The 
giant mitochondria were often sur- 
rounded by ringing reticulum with 
membrane-bound ribosomes, and 
along the pale immature-looking 
membranes of the mitochondrial cris- 
tae, there were many slightly smaller 
dark dots, presumably mitochondrial 
ribosomes (Fig 10 through 12); these 
findings suggested that they were 
being synthesized de novo as giant 
mitochondria. 

The cytochrome-oxidase reaction of 
the two patients’ cultured muscle 
fibers, gave, by light microscopy, very 
dark and patchy staining in distribu- 
tion in contrast to cultured normal 
human muscle fibers that were 
stained very lightly and evenly (Fig 18 
and 14). Ultrastructurally, the cyto- 
chrome-oxidase-stained cultured mus- 
cle fibers showed a variety of mito- 
chondrial abnormalities. In younger 
muscle fibers, only some mitochondria 
were enlarged and had inclusion 
material, whereas others appeared 
normal (Fig 15). In more advanced 
stages of development, the mitochon- 
drial abnormalities were more pro- 
nounced. In some mitochondria, cris- 
tae were distorted and appeared to be 
short (Fig 16), whereas in others cris- 
tae were abnormally wide; amorphous 
inclusions were present within some 
mitochondria (Fig 17 through 19). 
Cristae appearing as “twisted rib- 
bons" were a characteristic feature of 
the abnormal mitochondria (Fig 20). 

Cultured normal human muscle 
treated with pulses of DNP produced 
abnormalities similar to those found 
in the two patients' eultured muscle. 
The cytochrome-oxidase reaction by 
light microscopy gave very dark and 
patchy staining in distribution (Fig 
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21). Ultrastructurally, the mitochon- 


dria were enlarged and abnormally 
shaped, with broad cristae. With the 
electron microscopic cytochrome-oxi- 
dase reaction, the cristae were stained 
but the amorphous inclusions were not 
(Fig 22). 

2,4-Dinitrophenol introduced to the 
two patients’ muscle cultures exag- 
gerated the above-mentioned mito- 
chondrial abnormalities and produced 
mitochondrial “ghosts,” ie, mitochon- 
dria that were bizarrely shaped and 
abnormally large, with sparse cristae 
and large inclusions of amorphous 
cytochrome-oxidase-negative materi- 
al (Fig 23 and 24). 


COMMENT 


Children with the combination of 
many abnormal mitochondria in mus- 
cle, short stature, lactic acidosis, and a 
variety of CNS involvements, includ- 
ing some degree of lower-motor- 
neuron involvement, have been re- 
ported, but the pathogenic mechanism 
of the syndrome or syndromes, 
remains unknown.'?^**'* Most cases 
have been sporadic, but rarely there 
seems to be transmission by an auto- 
somal dominant gene.* In all of those 
cases, there are major unanswered 
questions. First, are the mitochondria 
(a) the essential site of abnormality 
within the patient, or (b) abnormal 
secondary to a noxious agent or defi- 
ciency, which might be in the circulat- 
ing body fluids due to an exogenous 
agent or malfunction of other body 
cells, of  lower-motor-neuron  in- 
fluence, at least partially, or within 
the muscle cell due to a defect of an 
organelle other than mitochondria? 
Second, are the mitochondrial changes 
a critical step in causing cellular 
malfunction, or a collateral "epiphe- 
nomenon” (ie, a "signal" of abnormal- 
ity, but not of pathogenic impor- 
tance)? 

Our two patients, in general, resem- 
ble those in the previously described 
somewhat heterogenous group. In 
them, cells of several organs are 
involved. Seeking to understand the 
pathokinesis of their CNS defects, one 
would like, ideally, to obtain biopsies 
and cultures of CNS tissue. Since that 
is generally impractical or impossible, 
one could arrive at a better under- 
standing of the cellular defect if it is 
coexisting and coexpressed in other 
cells that can undergo biopsy and be 
cultured. As a first approximation, we 
assume it is likely that the mitochon- 
drial defect of the muscle fiber biopsy 
is the same as in CNS cells. It has 
previously been established that tis- 
sue culture of various kinds of abnor- 
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mal human muscle provides a unique 
opportunity for reproducing and in- 
vestigating the pathological features 
of the abnormality developing in 
muscle fibers cultured in an environ- 
ment free of humoral, vascular, neu- 
ral, and other exogenous factors that 
could be acting in the intact pa- 
tient.';'* Because tissue culture of 
muscle biopsy from our two patients 
demonstrated, for the second time,'® 
reincarnation of mitochondrial abnor- 
malities in the cultured muscle fibers, 
we concluded the responsible mito- 
chondriopathogenic mechanism lies 
entirely within the muscle cell itself. 
Accordingly, a similar mitochondrio- 
pathogenic mechanism could be coex- 
isting in CNS cells. 

Normal mechanisms of mitochon- 
drial proliferation and growth, and 
their control, are not well known. In 
simpler cell systems, eg, yeast, their 
proliferation is by division of preex- 
isting mitochondria. It has been 
doubted that they can arise de novo by 
protein and lipoprotein synthesis in 
areas of cytoplasm. However, in our 
cultured normal human, rat, and chick 
embryo muscle, and in cultured abnor- 
mal human muscle, including the pres- 
ent cases, we sometimes see apparent 
stages of development of a mitochon- 
drion as if from a full-size “latent 
image” of pale-staining cristae and 
external membrane, all studded with 
small ribosome-like particles (Fig 10 
through 12). This raises the possibility 
of another mechanism of mitochon- 
driogenesis. 

Normal mitochondria of various 
cells contain their own DNA-RNA- 
protein-synthesis systems but it is 
used probably for producing less than 
10% of all mitochondrial protein, the 
majority being directed by nuclear 
DNA via cytoplasmic RNA-protein- 
synthesis systems of reticulum-bound 
or free ribosomes.*°-** Nevertheless, 
mitochondria are equipped to repro- 
duce independently of cell division 
and transmit their own partial genetic 
code from one generation of mito- 
chondria to the next as the cell gains 
more mitochondria in the nondividing 
state after cell division, ie, a "cyto- 
plasmic inheritance." Mitochondrial 
DNA (mitDNA) is unusual, being 
circular (unlike nuclear DNA but like 
bacterial DNA), and the 70S mito- 
chondrial ribosomes are smaller than 
the 808 cytoplasmic ones. Mitochon- 
drial DNA is in the matrix space, 
probably attached to the inner mito- 
chondrial membrane at the point 
where DNA replication starts. Repli- 
cation of mitDNA is under nuclear 
control. Chloramphenicol inhibits mi- 
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Fig 1.—Cross section of fresh-frozen muscle biopsy specimen 
stained with modified trichrome. Two ragged-red fibers show 
peripheral collections of dark material: original color red 
( x 381). 
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mitochondria, muscle biopsy specimen ( x 18,200). 
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Fig 2.—Succinic dehydrogenase reaction on fresh-frozen cross 
sections of muscle biopsy specimen shows peripheral collections 
of darkly staining mitochondria in ragged-red fibers ( x 381). 
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Fig 4.—Enlarged mitochondrion with distorted cristae and amor- 
phous material, muscle biopsy specimen ( x 26,400). 
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Fig 5.—Enlarged mitochondrion containing paracrystalline inclu- 
sions, muscle biopsy specimen ( x 45,000). 


Mitochondrial Abnormalities—Askanas et al 803 





T. 
a 1 
+i 
11 
39 
$ 


Fig 6.—Low-power electron micrograph of ragged-red fiber showing numerous lipid 
droplets and abnormal mitochondria ( X 4,900). 


Fig 7.—Phase contrast appearance of ten- 
day-old living muscle culture of patient's 
muscle biopsy specimen showing normal 
growth pattern and development ( x 170). 


tochondrial ribosomal-directed  pro- 
tein synthesis but not cytoplasmic 
ribosomal-directed protein synthesis, 
whereas cycloheximide inhibits only 
the latter. Ethidium bromide inter- 
feres with mitDNA but not nuclear 
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Fig 8.—Low-power electron micrograph of two-week old muscle culture showing rather 


well differentiated fiber ( x 3,700). 


DNA. Mitochondrial DNA t/2 turn- 
over is about six to 31 days, whereas 
mitochondrial enzyme t/2 turnover 
can be about one to 12 hours. Mito- 
chondrial DNA codes for mitochon- 
drial ribosomal RNA, transfer RNA, 


and probably structural proteins of 
the mitochondrial inner membrane 
and cristae and/or regulators thereof, 
but not the respiratory-chain enzymes 
located therein. Mitochondrial protein 
synthesis in vitro continuously de- 
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Fig 9.—Phase-contrast photograph of 


Fig 11.—Electron micrograph of granulated 
cultured muscle fibers showing giant mitochon- 
dria ( x 8,700). 





pends on transcription. The numerous 
enzymes of mitochondria have been 
very precisely localized to the outer 
membrane, intermembrane space, in- 
ner membrane, or interior matrix,- 
but will not be further detailed here. 
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living 
muscle culture from patient, after three weeks in 
vitro showing highly granulated appearance 
( x 170). 
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Fig 10.—Electron micrograph of granulated cultured muscle fibers showing 
giant mitochondria ( x 24,900). 


Fig 12.—Electron micrograph of granulated cultured muscle fibers showing 
giant mitochondria ( X 16,800). Dots along mitochondrial cristae are presum- 
ably mitochondrial ribosomes. They are smaller than cytoplasmic ribosomes. 





In our patients’ muscle cells, the ^ "derepressed." The proliferated cris- 
numerous abnormal mitochondria can tae themselves are stained with the 
be considered as having impaired reaction for cytochrome oxidase (this 
control of their proliferation and study), but unstained are the amor- 
growth, and hence of their protein phous inclusions (this study) and, 
synthesis, which in a general sense is usually, the crystal-like structures” 
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Fig 13.—Cytochrome-oxidase staining of patient's cultured 


muscle showing areas of clustered dark staining indicating 
collections of mitochondria ( x 355). 
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Fig 15.—Cytochrome-oxidase electron microscopic staining of 
mitochondria in patient’s cultured muscle without counterstain- 
ing. Greatly enlarged mitochondria with twisted-ribbon cristae; 








Fig 14.—Cytochrome-oxidase staining of normal cultured muscle 
showing more even distribution of mitochondria ( x 237). 
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Fig 16.—Two abnormal mitochondria with twisted-ribbon cristae, 
periphery and in matrix space, central collections of amorphous 
material unstained with cytochrome-oxidase ( x 9,500). 





several normal-looking mitochondria are nearby ( x 7,700). 


(this study). (The variable staining 
sometimes seen is possibly artifac- 
tual) Important in regard both to 
understanding the pathogenesis of 
the abnormality and formulating a 
treatment is whether the excessive 
mitochondrial — proliferation/growth 
teleologically is a “useless” event or a 
“useful” event for the cell. If a useful 
process, a clinical attempt to impair it 
with chloramphenicol, as has been 
tried in one case with noticeably 
increased oxygen consumption,” could 
worsen the disease; and if a useless 
event, chloramphenicol would be inef- 
fective unless the patient had evi- 
dence of excessive oxidative phosphor- 
ylation, such as increased oxygen 
consumption and excessive sweating 
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due to increased heat production, 
which our patients did not have. A 
teleologically useless process could be 
in response to a "toxin" (including a 
viral DNA or RNA) or a "deficiency." 
A teleologically useful process could 
be attempting to provide more ATP, 
eg, if loosened coupling of oxidative 
phosphorylation (demonstrated in 
some cases’??? but not studied in 
ours) is an earlier event; supply some- 
thing else synthesized by mitochon- 
dria; or metabolize or “detoxify” a 
substance produced excessively in the 
affected cell. 

It should be emphasized that the 
mitochondrial abnormality was mor- 
phologically dramatic but probably 
not functionally severe because the 


affected cells continued to survive 
fairly well in vivo and in vitro, and 
there was no increase of calcium levels 
within the abnormal mitochondria 
demonstrable with them by the 
pyroantimonate technique (unpub- 
lished observations) in contrast to a 
marked increase of calcium levels in 
mitochondria of nonspecifically dam- 
aged muscle fibers.” Another point to 
be emphasized is that the types of 
mitochondrial morphologie changes 
per se are not specific. Àn occasional 
abnormal mitochondrion or occasional 
fiber with abnormal mitochondria can 
be seen in virtually any disease (V. 
Askanas, MD, and W. K. Engel, MD, 
unpublished data, 1977). However, in 
some patients, such as our two, the 
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Fig 19.—Extremely deformed mitochondrion with large amount of 
unstained amorphous material and some finely "'stippled" 
stained material in collections (cytochrome-oxidase reaction, 
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Fig 17.—Grossly enlarged mitochondrion with some unstained 
amorphous inclusion material (cytochrome-oxidase reaction, 


X 17,600). 


Fig 18.—Mitochondria having broad twisted-ribbon cristae and 
amorphous unstained inclusion material (cytochrome-oxidase 
reaction, x 7,700). 


| abnormal mitochondria are numerous 
4 and are the predominant morphologi- 
cal change. 

Our tissue-culture data showed that 
the defect responsible for the abnor- 
mal mitochondria was intrinsic to the 
muscle cell. Possible pathokinetic 
mechanisms therefore, include (1) ge- 
netic defect of formation of mitochon- 
drial proteins through a DNA-RNA- 
protein-synthesis system, governed 
by nuclear or mitochondrial DNA; (2) 
genetic defect of nuclear-DN A- 
directed . formation of a protein or 
other component of another organelle, 
which in turn results in defective 
mitochondria; and (3) occult infection, 
eg, viral, transmitted vertically (cell to 
daughter cell or mitochondrion to 
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x 4,600). 


( X 16,000). 


daughter mitochrondrion) or horizon- 
tally (explanted cell to neighboring 
newly formed cell or mitochondrion to 
new neighboring mitochondrion), af- 
fecting any of the first two systems. 
The much greater proliferation of 
inner membrane cristae in ragged-red 
fiber mitochondria is compatible with 
an impaired regulation of the mito- 
chondrial-DN A-instructed protein 
synthesis systems. The crystal-like 
structure, lying between the inner and 
outer membrane, could be the accumu- 
lation of material normally occupying 
that space, eg, the adenylate kinase 
complex, the substance normally con- 
stituting either membrane, or the 
abnormal substance. (It may be noted 
that in yeast, erythromycin-resistance 


Fig 20.—Broad twisted-ribbon cristae in two mitochondria 





of mitochondria can be caused either 
by a nuclear-DNA defect resulting in 
impermeability of the mitochondrial 
membrane for erythromycin or by a 
mitDNA defect resulting in mitochon- 
drial ribosomes insensitive to erythro- 
mycin.*?) 

That normal cultured human muscle 
exposed to DNP, an agent known to 
uncouple mitochondrial  oxidative- 
phosphorylation? (but conceivably 
also having other actions) developed 
mitochondrial abnormalities striking- 
ly similar to those of the patients’ 
cultured muscle and that DNP expo- 
sure enhanced mitochondrial abnor- 
malities of the patients’ cultured 
muscle support a mitochondrial sus- 
ceptibility, but exactly why DNP 
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Fig 21 oywohieme oa stain- 
ing mitochondria of normal cultured muscle 
grown in presence of dinitrophenol. Light 
microscopic appearance similar to patient's 
cultured muscle, showing patchy distribution 
of staining ( x 355). 


Fig 23.—Cytochrome-oxidase-reaction staining mitochondria 
ghosts containing unstained amorphous material of patient's 
cultured muscle grown in presence of dinitrophenol ( x 12,300). 


results in these morphological changes 
is not known. A possible relevance of 
the ability of DNP to enhance in 
cultured "normal" chick embryo mus- 
cle fibers the numbers of C-particles 
and antigen of avian leucosis sarcoma 
virus ubiquitously endogenous in 
chickens**?' is not known, although we 
have raised the possibility that there 
may be occult virus in mitochondria as 
"mitochondriophages," analogous to 
viral bacteriophages in bacteria." 
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Fig 22.—Cytochrome-oxidase-reaction staining mitochondria of normal cultured 
muscle grown in presence of dinitrophenol. Electron microscopic appearance shows 
large abnormal mitochondria resembling mitochondria in patient's cultured muscle 


(x 7,700). 


Endogenous agents that act to 
uncouple oxidative phosphorylation 
are some of the lipids accumulating in 
the ragged-red fibers (Fig 6), since 
medium and long chain fatty acids, 
especially long chain unsaturated 
ones, have that property." Thus, a 
mitochondrial defect of fatty acid 
oxidation in some cases could lead to 
an additional mitochondrial defect of 
loosened coupling. 

Whatever the pathokinetic mecha- 





Fig 24.—Cytochrome-oxidase-reaction staining mitochondria 
ghosts containing unstained amorphous material of patient's 
cultured muscle grown in presence of dinitrophenol ( x 12,200). 


nism of mitochondrial abnormality in 
mature fibers of the patient, it is able 
to operate only in the mileu of type-I 
fibers. Known is that normally mito- 
chondria are biochemically different 
in type-I, ef, type-II muscle fibers,” 
presumably because of neurally modu- 
lated different expressions of genetic 
potential traits of the muscle fibers. 
Noninnervated cultured muscle fibers 
do not differentiate into different 
types," but seem to have at least 
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some properties of type-I fibers in 
their immature state of presumed 
fiber-type totipotentiality. 

Whether the generalized lactic aci- 
dosis of the patient results from, helps 
cause, or is unrelated to the mitochon- 
driopathy in muscle and probably 
other cells, is not known. A simple 
explanation would be that it reflects 
the underconsumption of pyruvate by 
abnormal mitochondria. However, 
that was not demonstrable in one 
earlier studied patient who had many 
ragged-red muscle fibers, gross mito- 
chondrial excess, and structural ab- 
normalities in type-I muscle fibers, no 
CNS involvement or definite ophthal- 
moparesis, no clinical hypermetabo- 
lism, but a noticeable lactic acidosis. 
(W. K. Engel, MD, D. S. Dahl, MD, M. 
A. Hatcher, MD, et al, unpublished 
data, 1970).^^* A pure mitochondrial 
preparation of his muscle showed 
loose coupling of oxidative phosphory- 
lation; however, in a homogenate of 
his muscle, the oxidation through the 
tricarboxylic acid cycle, measured as 
"CO, production, of pyruvates labelled 
in various carbons of fumarate was, 
unexpectedly, greater than normal on 
a wet-weight basis (whether it would 
have been less than normal on a mito- 
chondrial-phospholipid basis is not 
known). The excess lipid droplets in 
affected type-I fibers (Fig 6) possibly 
reflect underoxidation of fatty acids 
and glycerol by abnormal mitochon- 
dria, but that, too, would have to be 
tested directly and related to mito- 
chondrial phospholipid. In one patient 
rather similar to ours, ''CO, produc- 
tion from labelled palmitate, pyru- 
vate, glucose, or f-hydroxybutyrate 
was 10% to 20% normal in a muscle 
homogenate (denomenator not 
stated); a few other patients clinically 
different from ours but with morpho- 
logical abnormalities of mitochondria 
have had demonstrable loose coupling 
of oxidative phosphorylation, wheth- 
er’ they had clinical hyperme- 
tabolism, and one had noticeable 
reduction of cytochrome b.? 

Excessive adenosine triphosphate 
(ATPase) activity in a cell causes 
consumption of adenosine triphos- 
phate and nicotinamide adenine nu- 
cleotide dehydrogenase and produc- 
tion of adenosine diphosphate, P,, and 
nicotinamide adenine dinucleotide, 
promoting increased anaerobic glycol- 
ysis and excess lactate production. 
Thus, in the ragged-red fibers, we can 
suspect a pathological unmasking of 
the normally masked mitochondrial 
ATPase-F 1 as an alternative explana- 
tion of, or a factor contributing to, the 
patients’ lactic acidosis. 
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defect can be reincarnated in cultured 
muscle cells and, therefore, myopathic 
sui generis, we now have as one of our 
goals, the establishment of pure mus- 
cle cell lines from these patients and 
others with mitochondrial abnormali- 
ties to obtain sufficient material for 
the exact molecular analyses required 
to identify the cause and pathokinetic 
steps and points of potential thera- 
peutic intercession. 


Technical assistance was provided by Brian 
Petrocine, Michael Gorycki, Mary Ann Obere, 
Guy Cunningham, and Peggy Digilio. 
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Effect of an Opiate Antagonist 


on Movement Disorders 


John G. Nutt, MD; Arnold J. Rosin, MD; Toomas Eisler, MB; Donald B. Calne, DM; Thomas N. Chase, MD 


è Animal experiments suggest that 
opiate peptides might play a role in extra- 
pyramidal function. This hypothesis was 
tested by administering the opiate antag- 
onist, naltrexone, in doses sufficient to 
antagonize exogenous opiates, to pa- 
tients with parkinsonism and Hunting- 
ton's disease. No improvement in the clin- 
ical features of either disorder was 
noted. 

(Arch Neurol 35:810-811, 1978) 


he enkephalins are pentapeptides 

that possess many of the phar- 
macological properties of opiates. 
They are present in the autonomic and 
central nervous system and are 
believed to function as neurotransmit- 
ters or neuromodulators.’ Besides the 
obvious role these endogenous opiate 
peptides may play in pain perception, 
there are observations to indicate that 
the peptides may also be important in 
motor function. The striatum and 
globus pallidus, which play an integral 
part in motor control, contain relative- 
ly high concentrations of both opiate 
receptors? and enkephalin.* Immuno- 
histochemical studies with antibodies 
to leucine-enkephalin have demon- 
strated a rich network of presumed 
enkephalin nerve fibers and terminals 
in the globus pallidus and to a lesser 
extent the caudate and nucleus 
accumbens.‘ Cell bodies of enkephalin- 
containing neurons lie within the 
striatum, as lesions of the nigrostria- 
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tal pathways do not decrease the 
enkephalin content of the striatum 
whereas destruction of the striatal 
neurons with kainic acid decreases it 
by 50975 Destruction of the dopamin- 
ergic nigrostriatal tract does, howev- 
er, reduce the striatal opiate receptors 
by approximately 30%, suggesting 
that a portion of the opiate receptors 
may be on dopamine nerve termi- 
nals.’ 

On a biochemical level, dopaminer- 
gic systems are recognized to be an 
important determinant of motor func- 
tion. The opiate peptide -endorphin 
inhibits the release of dopamine from 
the striatum.” A long-acting synthetic 
enkephalin increases the concentra- 
tion of dopamine metabolites in the 
striatum, as do other known dopamine 
antagonists. Enkephalin also in- 
creases prolactin release," another bio- 
chemical trait of dopamine antago- 
nists. 

Pharmacologically, the acute ad- 
ministration of the opiate peptides, as 
well as the opiates themselves, will 
produce a hypertonic, akinetic state in 
rats'^'? that might be considered an 
animal model for parkinsonism. This 
analogy is strengthened by the fact 
that dopaminergic agents as well as 
opiate antagonists will reverse this 
state.^'* The effects of chronic 
administration of morphine to rats 
produces not the akinetic state, but 
instead, stereotypic behavior and hy- 
permotility.* This behavior is be- 
lieved to represent overactivity of the 
dopaminergic nigrostriatal pathway 
and has been used as a model of 
hyperkinetic movement disorders 
such as Huntington’s disease. 

In healthy humans, neither the 
opiates nor the opiate antagonists are 


recognized to influence extrapyrami- 
dal motor function. However, disease 
of extrapyramidal structures makes 
motor performance more sensitive to 
alterations of neurotransmitter sys- 
tems. For example, the signs of 
Parkinson’s disease can be markedly 
exacerbated or ameliorated by physo- 
stigmine and levodopa, respectively, 
in doses that have no effect in normal 
subjects. Therefore, to investigate the 
role of endogenous opiate peptides in 
motor function, we have administered 
naltrexone, a potent, long-acting, oral- 
ly effective opiate antagonist,'*'* to 
patients with motor disorders be- 
lieved to represent either overactivity 
and or underactivity of the dopamin- 
ergic nigrostriatal system. 


PATIENTS AND METHODS 


Six patients with idiopathic parkinson- 
ism and three with classical Huntington’s 
disease consented to participate in the 
studies after being fully informed of the 
purposes and potential risks of the proto- 
col. All parkinsonian patients were under- 
medicated so that parkinsonian features 
were evident. Only one patient (No. 3) 
exhibited “on-off” swings. The three Hunt- 
ington’s disease patients had moderate 
chorea but were independent in their activ- 
ities of daily living. 

The study was double blind, with a place- 
bo phase proceeding and following admin- 
istration of the active drug. Naltrexone 
hydrochloride or placebo was administered 
orally in four divided doses per day. The 
drug dosage was increased from 0 to 100 
mg/day over one to two weeks, maintained 
at 100 mg/day for a minimum of ten days, 
and then abruptly discontinued by substi- 
tution of placebo. The patient’s motor defi- 
cits were scored by a “blind” observer two 
or three times per week throughout the 
study. For the parkinsonian patients, 
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Table 1.—Effect of Naltrexone on Parkinsonian Disability Scores 


Concomitant 
Therapy, 

Patient/Age, yr/Sex mg/day 
1/61/M None 
2/63/M — Carbidopa/levodopa, 

62.5/625 
Carbidopa/levodopa, 

70/700 
Procyclidine, 15 
None 
Carbidopa/levodopa 

87.5/875 
Bromocriptine, 38 


3/55/F 


4/57/M 
5/70/M 
6/50/M 





Mean Observer Score* Motion Picture Score? 


Placebo Naltrexone Placebo Naltrexone 
11.8 7.8 10 9.5 
5.5 4.6 4.6 4.5 


3.0 


*Mean score of observations on three or more days while receiving placebo or naltrexone, 100 


mg/day. 
TMean of two neurologists' ratings. 


Table 2.—Effect of Naltrexone on Chorea of Huntington's Disease 


Mean Observer Score 


Concomitant 
Patient/Age, yr/Sex Therapy 
7/44/F 
8/57/F 
9/41/F 


Mean change in score 
(placebo-naltrexone) 


P (by paired t test) 


None 
None 
None 


tremor, rigidity and bradykinesia were 
scored on a 0 (absent) to 4 (severe) scale for 
each upper limb (maximum score, 24). For 
the Huntington's disease patients, chorea 
was scored as the total number of involun- 
tary movements during a four-minute 
period during which the patient was 
performing a standard routine of motor 
tasks. In addition, motion pictures were 
made of the patients while receiving place- 
bo and again while receiving naltrexone 
hydrochloride, 100 mg/day. These films 
were scored independently by two experi- 
enced neurologists unaware of the treat- 
ment the patient was receiving. Film 
scores for patients with parkinsonism 
consisted of the total of a 0 to 4 rating for 
tremor, facies, fine finger movements, 
arising from a chair, and gait (maximum, 
20); and for the patients with Huntington's 
disease, the total of a 0 to 4 rating for 
severity of chorea while sitting quietly, 
holding the arms out, performing fine 
finger movements, walking normally, 
walking heel to toe, and standing on one 
foot (maximum, 24). 


RESULTS 


Naltrexone had no significant ef- 
fects on the motor abnormalities of ei- 
ther parkinsonism (Table 1) or Hunt- 


Arch Neurol—Vol 35, Dec 1978 


Pacepo 





Motion Picture Score 


Naltrexone Placebo Naltrexone 
88 14.3 14.8 
160 11 10.7 
104 11 11.2 
—0.1 


ington's disease (Table 2). Although 
the direct observation ratings sug- 
gested a minimal improvement in 
three of the parkinsonian patients, 
this improvement was not apparent in 
the motion pictures or to the patients 
themselves. There were no subjective 
effects associated with naltrexone 
administration or its abrupt with- 
drawal. Routine tests of hematologi- 
cal, renal, and hepatic functions were 
unchanged during the study. 


COMMENT 


Naltrexone in the dosage employed 
in this study has been shown to 
produce a high level of blockade of the 
effects of exogenous opiates.'^'* How- 
ever, naltrexone failed to alter either 
the hypokinetic features of parkinson- 
ism or the hyperkinetic features of 
Huntington's disease. This would sug- 
gest that hyperactivity of enkephalin- 
containing neurons in the striatum 
and globus pallidus is not critical to 
the pathogenesis of the clinical fea- 
tures of either of these disorders. 
However, an alternative explanation 
should be considered. There is now 
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evidence that there may be more than 
one type of opiate receptor and that 
the opiate antagonists are not equally 
effective against all opiate recep- 
tors." Therefore, it is possible that 
although naltrexone, as used in this 
study, would antagonize the effects of 
exogenous opiates, it was not capable 
of blocking the effects of the endoge- 
nous opiate peptides. 
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Human Brain 


Cytoarchitectonic Left-Right Asymmetries 


in the Temporal Speech Region 


Albert M. Galaburda, MD; Friedrich Sanides, MD; Norman Geschwind, MD 


e The auditory regions in four normal 
brains were mapped and the full extent of 
the cytoarchitectonic subdivisions was 
measured for the presence of right-left 
asymmetries. It was found that asymme- 
tries similar to those found in the planum 
temporale (left commonly larger than 
right) are also seen in auditory cytoarchi- 
tectonic area Tpt, an area of probable 
importance for language function. There 
is a strong positive correlation between 
the planum asymmetry and the asymmetry 
of Tpt. It is concluded that the previously 
described planum asymmetries probably 
reflect asymmetries in an auditory cyto- 
architectonic area and therefore may 
represent, at least in part, the anatomic 
substrate for language lateralization. 

(Arch Neurol 35:812-817, 1978) 


he concept of cerebral dominance, 
the asymmetric control by the 
hemispheres of certain cerebral func- 
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tions, is firmly established in man.' 
Each hemisphere appears to play a 
predominant role in the performance 
of certain functions such as language, 
fine motor activities, visuomotor 
tasks, and music, to name a few. Like- 
wise, the brain clearly shows gross 
morphological asymmetries between 
the hemispheres,’ of which one of the 
most striking is the difference in size 
between the left and the right planum 
temporale, the region on the superior 
temporal plane lying posterior to the 
transverse gyrus of Heschl (first 
transverse gyrus) and extending back 
to the end of the Sylvian fossa. It has 
been shown in large numbers of 
brains that the left planum is usually 
larger than its mate.** 

The importance of the gross ana- 
tomic asymmetries is not yet clearly 
established. Laboratory data on be- 
havioral auditory asymmetries, in 
addition to clinical data obtained from 
aphasia-producing lesions on the plan- 
um, when taken together with the 
planum asymmetries, make it tempt- 
ing to presume that the larger left 
planum may represent the anatomic 
substrate for language lateralization 
to the left hemisphere. One cannot, 
however, argue purely from the gross 


asymmetries. It is conceivable that 
areas of specific cytoarchitectonic 
structure might be equally large on 
both sides, and that the gross asym- 
metries result from differences in the 
pattern of folding of the two hemi- 
spheres. This might suggest that the 
gross asymmetries have no relation- 
ship to function. Furthermore, even if 
cytoarchitectonic asymmetries were 
present, it would be important to 
determine whether they involve re- 
gions likely to be implicated in 
language function. Thus, asymmetries 
in the planum might be secondary to 
asymmetries in nearby parietal cortex 
or subcortical structures that might 
also be responsible for the asymme- 
tries of the Sylvian fissures found by 
LeMay and Culebras." Indeed, our 
evidence that the asymmetries of the 
planum temporale represent cytoarch- 
itectonic asymmetries in language- 
related regions is very limited. 

Von Economo and Horn" published 
data supporting the view that the 
difference between the plana was the 
result of a larger extent of the audi- 
tory association cortex on the left side. 
Their study, however, presents certain 
diffieulties. These authors measured 
the extent of the auditory-related 
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Fig 1.—Case 1. In this figure, as with 
figures 2, 3, and 4, coronal sections are 
shown in A and B, superior temporal 
planes in C and D showing planum tempo- 
rale (P) and Heschl's gyrus (H), and lateral 
surfaces of brain showing area Tpt 
(shaded) in E and F. Arrowheads point to 
Sylvian fissures. Note large planum asym- 
metry (C and D). Also note buried temporal 
cortex on coronal sections (arrows). (Also 


see text.) 


eytoarchitectonic areas on the planum 
alone; they did not measure the full 
extent of these areas, which in addi- 
tion to lying on the planum, also 
extend beyond its borders, eg, onto 
the temporal convexity. Furthermore, 
they did not include the cortex that 
lies in the depths of the sulci on the 
planum nor did they consider varia- 
tions in cortical thickness but instead 
restrieted their measurements to the 
two-dimensional representations of 
the areas on the surface. Such a study 
could not exclude the possibility that 
sufficient quantities of association 
cortex existed on the right side either 
beyond the planum or in the depths of 
sulei, which could counterbalance any 
differences on the plana themselves. 
On the other hand, their study might 
have easily erred in the opposite direc- 
tion, ie, they could have underesti- 
mated the left-sided preponderance 
by measuring only the portions of 
cytoarchitectonic areas on the planum 
alone. 

To test more adequately the hypoth- 
esis that the planum asymmetries 
truly reflect cytoarchitectonic asym- 
metries in auditory-related cortex, we 
have made measurement of the full 
extent of the distinctive cellular areas 
of the auditory regions. 


MATERIALS AND METHODS 
The Specimens 


Four human brains were randomly 
selected from the Yakovlev Collection at 
the Armed Forces Institute of Pathology 
and the Harvard Medical School. This 
collection consists of normal specimens 
that have been embedded whole in celloidin 
and cut in gapless serial sections at a 





Fig 2.—Case 2. Note extension of Tpt onto 
parietal lobe by way of cortical bridges (A3 
and E). This case also shows buried 
temporal cortex (arrows). (See both 
legend for Fig 1 for explanation of letters 
arrows, etc, and see text.) 
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Fig 3.—Case 3. Note buried temporal 
cortex (arrow). On the right, more Tpt is 
present on convexity than on planum. (See 
legend for Fig 1 for explanation of letters, 
arrows, etc.) 


thickness of 35 u. Every 20th section has 
been stained for nerve cell bodies with 
Nissl stain and the adjacent section by the 
Loyez method for myelinated fibers. The 
methods of fixation, embedding, cutting, 
staining, and mounting assure that arti- 
facts of distortion affect both hemispheres 
equally. Photographs of each brain prior to 
processing exist in the collection and have 
been used to reproduce the lateral views in 
the figures. 


Planum Reconstructions 


The planum temporale of each hemi- 
sphere (Fig 1 to 4, C and D) was recon- 
structed from the coronal sections by the 
use of a specially designed projection appa- 
ratus. The serial sections were projected on 
a flat surface without distortion and the 
limits of the plana were marked on graph 
paper. Sinee the projected magnification 
was known, as was the distance between 
sections, it was possible to reconstruct the 
plana to scale. The plane of section varied 
slightly from one specimen to the other; 
therefore, it is not possible to make direct 
comparisons for the shape and size of the 
plana among the different specimens; 
comparisons, however, are possible be- 
tween the right and left plana in each 

Specimen. For ease of identification only 
Heschl’s gyri are shown in the planum 
reconstructions, leaving out other convolu- 
tions on the upper surface of the temporal 
lobe. The areas of the plana were measured 
directly on the graph paper reconstruc- 
tions. 


Cytoarchitectonic Parcellation 
and Measurement 


The cytoarchitectonic areas were identi- 
fied by the use of a stereomicroscope under 
low-power magnification. The borders of 
each area were found on the Nissl-stained 
sections and then checked against the 
borders found on the myelin preparations. 
Photographie templates at fixed magnifi- 

- cation were made of each section and the 
borders of the areas marked on them. The 
criteria used for area identification and the 


Fig 4.—Case 4. Note slight predominance 
of right planum temporale (see text). Note 
also that left planum temporale is some- 
what more folded which may explain slight 
left-sided Tpt predominance. There is also 
buried temporal cortex (arrows). (See 
legend for Fig 1 for explanation of letters, 
arrows, etc.) 
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Fig 5.—Areas Tpt and Pa Ae (see text). Note differences in sizes of pyramids in lamina III 
and difference in coarseness of pyramids in lamina V. Area Tpt represents a transition 
between auditory association cortex (cf Pa Ae) and cortex of the inferior parietal lobule. 


Bar — 200 y. 


- detailed maps of each auditory region have 


been given elsewhere'**; for the purpose 
of this study, only the results of mapping 
temporoparietal area CTpt^'*" will be 
presented. Area Tpt corresponds on archi- 
tectonic grounds to the posterior portion of 
Brodmann’s area 22" and von Economo's 
and Koskinas' area TA,.^ In this area, 
lamina IV cannot be easily separated from 
adjacent laminae III and V because pyra- 
mids from the latter two layers eneroach 
on the former, thus obliterating the bor- 
ders (Fig 5). Tpt can easily be distin- 
guished from the neighboring association 
area Pa Ae" which has a less dense lamina 
V and a lamina III containing slender 
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pyramids disposed in columns (Fig 5). The 
area occupies the posterior portion of the 
planum and extends onto the temporal 
convexity to make up a major part of the 
posterior half of the superior temporal 
gyrus (Fig 1 to 4). In some specimens, it 
also extends around the posterior end of 
the Sylvian fissure and onto the parietal 
lobe (Fig 1, E, and 2, E). It is likely that 
most lesions in the region of the posterior 
Sylvian fissure that cause Wernicke’s 
aphasia involve substantial portions of 
area Tpt." 

Measurements of surface extent were 
made on the graph paper reconstructions 
of the plana and directly on the photo- 


Table 1.—Right-Left Measurements 






Planum 
Temporale Area Tpt 
Planimetric Volumetric 
Units Units 






Left 





Table 2.—Left-Right Ratios 
Based on Table 1 


Planum Area 
Rank 


Case Temporale Rank  Tpt 


graphic templates showing cytoarchitec- 
tonic areas. by the use of a compensating 
polar planimeter. The figures given in the 
tables are in relative units of area for the 
plana and in relative units of volume for 
area Tpt. The volumes of Tpt were calcu- 
lated from the relative area measurements 
on the templates and the known data of 
section thickness and distance between 
sections. 


RESULTS 
General Observations 


The serially sectioned material af- 
fords the possibility of making several 
general observations concerning the 
auditory region that would otherwise 
escape the eye in other types of prepa- 
rations. The plana reconstructed from 
these sections illustrate several fea- 
tures (Fig 1 to 4, C and D). The shapes 
of the plana vary from one specimen 
to the other but generally assume that 
of a triangle bound laterally by the 
Sylvian fissure (Fig 1-4, arrowheads), 
medially by Heschl’s gyrus (Fig 1 to 4, 
H), and posteriorly by the posterior 
wall of the Sylvian fossa. The curvilin- 
ear appearance of the posterior border 
is produced by the uneven fusion of 
the posterior parietal operculum with 
the posterior planum temporale, al- 
lowing for the formation of deep pock- 
ets of cortex in the depths of the 
hemispheres. Some of these pockets 
can be seen in the coronal sections as 
concentric rings (Fig 1-4, arrows). 
Substantial amounts of the cortex can 
be buried in this manner. Plana that 
are visualized by drawing a knife 
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blade in a posterior direction from the 
end of the Sylvian fissure,’ thus 
unroofing the superior temporal 
plane, would not uncover this feature 
of the posterior planum. The plana, 
furthermore, can be extremely folded, 
so that large amounts of cortex are 
buried in long sulci. The sulci may be 
of the simple, unbranched type or they 
can assume complex configurations 
(Fig 1, A, section 1). 

On the planum area, Tpt occupies 
the posterolateral aspect and appears 
to constitute most of the excess area 
in the cases where the right and left 
plana are different in size. This find- 
ing is particularly noticeable in case 1 
(Fig 1, C, and D) where the huge 
excess of the planum on the left side is 
covered by the Tpt cortex. In such 
cases, it can be seen that if Tpt were 
to be removed from both sides the 
plana would be much more symmetri- 
cal in size and shape. Thus, Tpt seems 
to contribute substantially to the plan- 
um asymmetry. Also, in the cases 
showing Tpt asymmetry, the excess 
occurs mostly in a posterolateral loca- 
tion; this produces asymmetries in the 
lengths of the Sylvian fissures on both 
sides. Asymmetries in the lengths of 
the Sylvian fissures have been pre- 
viously reported'*; the findings of this 
study suggest that they may reflect, 
at least in part, asymmetries in the 
extent of area Tpt on the planum 
temporale. 

Area Tpt extends outside of the 
planum onto the cerebral convexity. 
In some cases, more of Tpt is present 
on the superior temporal gyrus than 
on the planum itself (cf, Fig 2, D, and 
F). In addition, at times Tpt extends 
onto the parietal convexity (Fig 1, E, 
and 2, E). This is probably accom- 
plished through the extension of this 
type of cortex onto the parietal oper- 
eulum along the posterior wall of the 
Sylvian fossa (Fig 1, A, section 2 and 
2, A, section 3). 


Planum Asymmetries 


The results of measuring the extent 
of the planum on the two sides are 
given in Table 1. In three of the four 
specimens, the left planum is larger 
than the right. In case 1, the left 
planum exceeds the right by more 
than 200%, and in case 3 by 37%. In the 
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remaining case, the difference is only 
13% (the right planum being larger), 
which may be within the error of 
measurement. Therefore, in this se- 
ries of four brains three plana are 
greater on the left and is approxi- 
mately equal on the two sides. In a 
much larger series, Geschwind and 
Levitsky’ found a larger left planum 
in 65%, equal plana in 24%, and a 
larger right planum in 11*/—a rough- 
ly similar distribution of asymme- 
tries. One is of course unlikely to 
encounter a case with a distinctly 
larger right planum in a small series. 


Cytoarchitectonic Asymmetries 


The results in one brain (case 1) 
have been given elsewhere; The 
volumes of Tpt are given in Table 2. 
Tpt is larger on the left side in the 
three cases in which the left planum is 
larger. The difference between the 
sides varies from a greater than 626% 
in case 1 to 38% in case 3. Case 4 has 
Tpt’s that are only 14% different in 
size, a difference that is probably 
within the range of the error of the 
method. The data also show that in the 
case in which Tpt is very asymmetric 
in size (case 1), the volume on the right 
side is quite small, while that on the 
other side is very large. On the other 
hand, in the case that shows little 
asymmetry (case 4), the volumes of 
the two Tpt’s lie approximately half- 
way between the largest and the smal- 
lest in the series. 

A pattern begins to arise from the 
data. The specimens studied show a 
distribution of asymmetries of the 
planum similar to that found in larger 
series. They also show a distribution 
of asymmetries in cytoarchitectonic 
area Tpt. In three cases, area Tpt is 
larger on the left; in one case, both 
Tpt’s are equal. The distribution of 
Tpt asymmetries seems to match that 
of planum asymmetries. Furthermore, 
the same cases that show planum 
asymmetries also show Tpt asymme- 
tries, and the extent of the asymme- 
tries also seem to match. Thus in case 
1 where the planum asymmetry is the 
largest, the asymmetry in the volumes 
of Tpt is also the largest, while in case 
4, where there is no substantial plan- 
um asymmetry, the sizes of the Tpt’s 
area do not differ. Table 3 gives the 


ratios of the left over the right plan- 
um areas and the ratios of the left 
over right Tpt volumes. In all but case 
1, the ratios are in agreement. In case 
l, the ratio of Tpt's is very large, 
reflecting the high degree of folding 
of the planum in that specimen. Still, 
when the ratios of the plana and the 
ratios of the Tpt's are ranked and 
correlated, the coefficient of correla- 
tion is +1. In a series of four brains, 
such a perfect positive correlation is 
significant at the .05 level.'^ 


COMMENT 


The findings of this study indicate 
that asymmetry in the size of the 
planum temporale of both hemi- 
spheres in man possibly reflects asym- 
metry in the size of a cytoarchitec- 
tonic area, which on morphological 
grounds belongs to the auditory 
region. This cytoarchitectonic audi- 
tory asymmetry, furthermore, may 
well represent the anatomic substrate 
of language function. Although much 
information on verbal lateralization to 
the left hemisphere exists in the liter- 
ature' and gross anatomic asymme- 
tries have been described in the 
temporal lobe,** no previous report 
has shown unambiguously cytoarchi- 
tectonic asymmetries in the auditory 
region that could explain the function- 
al differences. Although von Economo 
and Horn” attempted to demonstrate 
such cytoarchitectonic asymmetries, 
their study was incomplete and did 
not exclude other possibilities. It is 
clear from this study that an attempt 
to measure cytoarchitectonic areas 
just on the planum would miss 
portions lying on the convexities. 
Furthermore, as our study shows, 
large amounts of cortex can be buried 
in sulci, thus making measurements 
restricted to the brain surface incom- 
plete. However, despite the limita- 
tions of previous studies, our results 
support the earlier notions of cyto- 
architectonic asymmetry and suggest 
that the auditory cytoarchitectonic 
areas on the planum reflect, at least in 
part, the full asymmetry. This realiza- 
tion is important since, with the intro- 
duction of computerized tomography 
of the brain, it is now possible to 
visualize in many cases the planum 
asymmetries in living patients. 
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Knowledge about the relationship 
between cytoarchitectonic and plan- 
um asymmetries might allow one to 
infer the presence of cytoarchitectonic 
asymmetry after examination of the 
computerized scans. 

The degree of dominance for lan- 
guage function by one or the other 
hemisphere may be a function of the 
degree of asymmetry in cytoarchitec- 
tonic areas such as Tpt. Thus, in 
brains where the asymmetry of Tpt is 
striking, dominance for language may 
be greatly lateralized, whereas in 
those in which Tpt is nearly equal on 
the two sides, the degree of functional 
lateralization may be much less. Simi- 
larly, asymmetries in Tpt may form 
part of a continuum extending from 
cases with a much larger area on the 
left side, through cases with nearly 
equal Tpt's, to cases in which Tpt on 
the right side is larger. This anatomic 
continuum may underlie a similar 
distribution of dominance for lan- 
guage function. | 

The anatomic asymmetries might 
help to explain the variability in 
degree of recovery from lesions that 
produce language deficits. For in- 
stance, in brains where one of the 


1. Milner B: Hemispheric specialization: Scope 
and limits, in Schmitt FO, Worden FG (eds): The 
Neurosciences: Third Study Program. Boston, 
MIT Press, 1974, pp 75-89. 

2. Galaburda AM, LeMay M, Kemper TL, et al: 
Right-left asymmetries in the brain. Science 
199:852-856, 1978. 

3. Geschwind N, Levitsky W: Human brain: 
Left-right asymmetries in temporal speech 
region. Science 161:186-189, 1968. 

4. Teszner D, Tzavaras A, Gruner J, et al: 
L'asymmetrie droite-gauche du planum tempo- 
rale: A propos de l'étude anatomique de 100 
cerveaux. Rev Neurol (Paris) 126:444-449, 1972. 

5. Witelson SF, Pallie W: Left hemisphere 
specialization for language in the newborn: 
Neuroanatomical evidence of asymmetry. Brain 
96:641-646, 1973. 

6. Wada JA: Interhemispherie sharing and 
shift of cerebral speech function. Excerpta Medi- 
ca Int Congress Series 193:296-297, 1969. 

7. Wada JA, Clarke R, Hamm A: Cerebral 
hemispheric asymmetry in humans. Arch Neurol 
32:239-246, 1975. 

8. Chi JG, Dooling EC, Gilles FH: Gyral devel- 
opment of the human brain. Ann Neurol 1:86-93, 


Arch Neurol—Vol 35, Dec 1978 


sides has a much larger Tpt, a lesion 
on that side could produce more severe 
and long lasting aphasic disturbances, 
whereas in brains where Tpt is dis- 
tributed more equally on the two 
sides, a unilateral lesion might not 
produce aphasia, or the deficit might 
be mild and short lived. This possibili- 
ty is particularly tempting in view of 
the results of this study showing that 
in the case with extensive Tpt asym- 
metry the left area is very large, while 
the right is much smaller than aver- 
age, and in the case in which Tpt is 
more symmetrical on the two sides, 
both areas are relatively large. The 
latter situation may be the case in 
some left-handed persons who tend to 
have more symmetrical brains? and 
also seem to acquire less severe aphas- 
ic disorders from unilateral lesions on 
either side." Sex differences in cer- 
tain neuropsychological processes'*:* 
may also reflect the possibility that 
planum asymmetries are less striking 
in women.* 

Absence of asymmetry may help to 
explain some developmental disorders 
of language function. Children with 
some forms of developmental dyslexia 
have been shown to be less lateralized 
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on testing for verbal function.'* It has 
even been suggested that these chil- 
dren possess two right hemispheres.*° 
It is conceivable that the same chil- 
dren have brains with Tpt's that are 
small on both sides, showing the prob- 
ably typical right hemisphere size for 
Tpt bilaterally. 

Finally, eytoarchitectonic asymme- 
tries may shed some light on the 
language capabilities of nonhuman 
primates. Asymmetries in the lengths 
of the Sylvian fissures similar to those 
found in man have been reported in 
some great apes." As demonstrated 
by the findings of this study, the 
Sylvian asymmetries seem to reflect 
planum asymmetries (which in turn 
might reflect Tpt asymmetries) which 
would support claims of language 
capability in these animals." 


This investigation was supported in part by 
grant NINCDSS06209 to the Boston University 
Aphasia Research Center from the National 
Institute of Health, grant NSF-BNS 77-05674 to 
the Beth Israel Hospital, Boston from the 
National Science Foundation, and a biomedical 
support research grant from the Beth Israel 
Hospital, Boston. 

Thomas L. Kemper made the specimens from 
the Yakovlev Collection available for this study. 


16. Ferguson G: Statistical Analysis in Psy- 
chology and Education. New York, MeGraw-Hill 
Book Co, Inc, 1966, p 414. 

17. Gloning I, Gloning K, Haub G, et al 
Comparison of verbal behavior in right handed 
and nonright handed patients with anatomically 
verified lesion of one hemisphere. Cortex 5:41-52, 
1969. 

18. MeGlone J, Davidson W: The relation 
between cerebral speech laterality and spatial 
ability with special reference to sex and hand 
preference. Neuropsychologia 11:105-113, 1973. 

19. Marcel T, Katz L, Smith M: Laterality and 
reading proficiency. Neuropsychologia 12:131- 
139, 1974. 

20. Witelson SF: Developmental dyslexia: Two 
right hemispheres and none left. Science 195:309- 
311, 1977. 

21. Premack D: Mechanisms of intelligence: 
Preconditions for language, in Harnad SR, Stek- 
lis HD, Lancaster J (eds): Origins and Evolution 
of Language and Speech. New York, The New 
York Academy of Sciences, 1976, vol 280, pp 
544-561. 


Human Brain—Galaburda et al 817 





oT € wO 


r TIRY Lo eae TE 





ELF OEE TT ES ORC LL Ly aE Cm mt 
» < "wer ur E XA: » * 3 £ < ^S P - r a” 


Presenile Dementia With Lewy Bodies 
and Neurofibrillary Tangles 


Lysia S. Forno, MD; Peter J. Barbour, MD; Roxana L. Norville, MA 


€ A 55-year-old man showed progres- 
sive mental deterioration over a five-year 
period along with a syndrome of “normal 
pressure hydrocephalus.” At autopsy the 
main finding was the presence of two 
age-related neurocellular changes, the 
neurofibrillary tangle and the Lewy body, 
in limbic structures and in the pigmented 
nuclei of the brain stem. Cortical changes 
were mild, and senile plaques were not 
present. Electron microscopy occasional- 
ly showed an intimate relationship be- 
tween the paired helical filaments of the 
neurofibrillary tangle and Lewy bodies in 
nerve cell processes in the hypothala- 
mus. 

The findings suggest a closer relation- 
ship between Lewy bodies and neurofi- 
brillary tangles than usually suspected. 
We also speculate that the presence of 
one type of age change in the brain may 
accelerate or predispose to other age 
changes. 

(Arch Neurol 35:818-822, 1978) 


M“ presenile dementias can be 
classified morphologically as 
Alzheimer’s, Pick’s, or Jakob-Creutz- 
feldt disease, or as arteriosclerotic or 
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multi-infarct dementia. The most 
common is Alzheimer’s disease.' A 
small number fall outside these 
groups. In this hospital, such cases are 
often related to trauma or to compli- 
cations of alcoholism. Rarely a demen- 
tia cannot be classified because of 
absence of gross or microscopic brain 
changes or the presence of only a 
“simple brain atrophy.” 

An unusual pathological picture has 
been found in a few patients with 
presenile dementia. The patient of 
Suzuki et al’ showed nerve cell degen- 
eration associated with Lafora bodies. 
In another small group of cases, Lewy 
bodies, the characteristic intraneuron- 
al inclusions in idiopathic parkinson- 
ism, have been associated with 
changes of Alzheimer’s disease” and 
Pick’s disease.' 

In the case reported here, brain 
atrophy was slight, and the striking 
findings were Lewy bodies and neuro- 
fibrillary tangles, without senile 
plaques, in the brain stem and in 
limbie areas, especially in the hypo- 
thalamus and innominate substance. 
In addition, this patient had a 
syndrome of “normal pressure hydro- 
cephalus.’” 


REPORT OF A CASE 


A 58-year-old former probation officer 
was admitted to the Palo Alto (Calif) 


Veterans Administration Hospital in June 
1974 for ventriculoatrial shunt procedure 
for "normal pressure hydrocephalus." He 
had been well until 1971 when he developed 
headaches and a right-sided Horner's 
syndrome. A cerebral angiogram and mye- 
logram were normal. From 1971 to 1974 
there was a progressive decline in intellect. 
In May 1974, a pneumoencephalogram 
showed enlarged ventricles without air 
over the convexities, but a radioiodinated 
serum albumin (RISA) scan was normal. 
Cerebrospinal fluid total protein concen- 
tration was 90 mg/dl. Mild hyperthyroid- 
ism was identified by a battery of thyroid 


function tests. For this he received iodine I 


131 and was started on a regimen of 
propylthiouracil. One month later, a 
repeated RISA scan showed persistence of 
radioactivity in the ventricles. The opening 
pressure on lumbar puncture was 90 mm 
H,O and CSF total protein level was 70 
mg/dl. A computerized tomographic (CT) 
scan showed hydrocephalus with no cortical 
atrophy. Just prior to admission, urinary 
incontinence became manifest. 

There was no history of alcohol abuse, 
exposure to heavy metals or other toxins, 
head trauma, intracranial infections, or 
hemorrhage. There was no family history 
of neurologic disorder. 

On admission the patient had poor recent 
memory and dyscalculia, a right-sided 
Horner’s syndrome, and diffusely brisk 
muscle stretch reflexes including jaw jerk 
and an active snout reflex. There was a 
slight terminal intention tremor bilater- 
ally, a fine resting tremor, and a shuffling 
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Fig 1.—Lewy body in pigmented nerve cell in substantia nigra. Transmission electron micrograph. There is a central core with circular 
profiles and a periphery of radiating filaments, ending among neuromelanin granules (uranyl acetate and lead citrate, x 14,500). 


Parkinson-like gait. On testing of muscle 
tonus, a variable resistance (paratonia) was 
found. 

A three-vessel cerebral angiogram was 
normal except for evidence of enlarged 
ventricles. In July 1974, a ventriculoatrial 
shunt procedure with low-pressure Holter 
valve was performed. Postoperatively, a 
marked improvement in gait was recorded, 
but there was no change in mental status. 
He was discharged to a nursing home 
where he required close supervision and 
often wandered from the ward for several 
hours at a time. He received various combi- 
nations of chlordiazepoxide, trifluopera- 
zine hydrochloride, and benztropine during 
periods of agitation. The patient remained 
in the nursing home until shortly before his 
death except for two brief hospitalizations. 
The first was in January 1975 for acute 
deterioration of mental status and onset of 
headache. He was disoriented in all three 
spheres, but there was little additional 
change. His Parkinson-like gait had 
returned. A CT scan showed a well-placed 
shunt and ventricles of normal size without 
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evidence of atrophy. Lumbar puncture 
disclosed CSF under pressure of 45 mm 
H,O; the fluid was xanthochromic, and 
total protein level was 303 mg/dl. No fur- 
ther treatment was offered. The second 
admission was in April 1976 because of a 
fracture of the left femur, which was 
treated surgically. He had some palatal and 
tongue incoordination causing mechanical 
airway obstruction and aspiration pneumo- 
nia in the immediate postoperative period, 
but regained his condition previous to the 
fracture before he was discharged. 

The patient’s final hospitalization was in 
May 1976, at the age of 55, following two 
days of progressive obtundation. He was 
afebrile with a rigid neck and bilateral 
basilar rales without signs of congestive 
heart failure. Generalized asynchronous 
myoclonus was observed, along with the 
right-sided Horner's syndrome, hyperac- 
tive gag, bilateral grasp, brisk muscle 
reflexes, and tonus as previously described. 
On May 21, 1976, the patient died, approxi- 
mately five years from the onset of symp- 
toms. 


Pathologic Findings 

The general autopsy showed bilateral 
chronie and acute bronchopneumonia, due 
to aspiration, and a fibrotic thyroid gland. 
The brain weighed 1,370 g. The only gross 
abnormalities were (1) thin subdural mem- 
branes bilaterally; (2) a right ventriculo- 
atrial shunt catheter with its tip in the 
anterior aspect of the right ventricle; and 
(3) slight pallor of the substantia nigra and 
locus caeruleus. The leptomeninges showed 
slight fibrosis. The ventricles were of 
normal size, and there was no obvious 
cortical atrophy. 

On microscopic examination, the strik- 
ing feature was the presence of both neuro- 
fibrillary tangles and Lewy bodies in many 
gray matter areas, but most marked in the 
limbic areas and in the pigmented nuclei of 
the brain stem. A moderate nerve cell loss 
with increased extraneuronal melanin and 


fibrillary gliosis was noted in the substan- 


tia nigra and locus eaeruleus. There was 
slight nerve cell loss and gliosis in the 
innominate substance and septal nuclei. 
Senile plaques were absent in the cerebral 
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Fig 2.—Neurofibrillary tangle in hypothalamus. Transmission electron micrograph. Cross and longitudinal (arrow) sections of paired 
helical filaments are seen, adjacent to lipofuscin pigment granules (uranyl acetate and lead citrate; left, x 5,000; right, x 48,000). 


cortex, but small numbers of neurofibril- 
lary tangles were seen here, most numer- 
ous in the hippocampal gyrus, tuberculum 
olfactorium, and subeallosal gyrus. Lewy 
bodies were occasionally seen in these 
areas. Granulovacuolar degeneration and 
Hirano bodies were numerous in the 
pyramidal cell layer of the hippocampus, 
and granulovacuolar degeneration was also 
seen in the amygdaloid nucleus and occa- 
sionally in other subcortical nuclei. 
Neurofibrillary tangles and Lewy bodies 
were particularly prominent in the posteri- 
or and lateral hypothalamus, the innomi- 
nate substance, and the dorsomedial 
nucleus of the thalamus in the vicinity of 
the third ventricle, but they were also 
present in the septal nuclei, nucleus of the 
diagonal band of Broca, amygdaloid 
nucleus, rostral hypothalamus, substantia 
nigra, locus caeruleus, tegmentum of the 
midbrain and rostral pons, and the dorsal 
motor vagus nucleus. There were neurofi- 
brillary tangles but no Lewy bodies in the 
globus pallidus and in the subthalamic 
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nucleus. Slight fibrillary gliosis was pres- 
ent in most subcortical gray matter areas, 
including the periventricular regions. 

Neurofibrillary tangles were relatively 
sparse in the pigmented nuclei of the brain 
stem, whereas Lewy bodies were present in 
varying numbers. The Lewy bodies in the 
areas outside the pigmented nuclei were 
frequently of elongated and bizarre 
shapes*' and located in nerve cell processes 
(intraneuritic Lewy bodies), in contrast to 
the predominant location in the perikaryon 
in the substantia nigra and locus caeruleus 
(perikaryal Lewy bodies). The spinal cord 
was not remarkable. 

Electron microscopic studies were per- 
formed on formaldehyde-fixed tissue from 
the hypothalamus, innominate substance, 
septal nuclei, substantia nigra, locus caeru- 
leus, and dorsal motor vagus nucleus. The 
tissue was postfixed in glutaraldehyde and 
osmic acid and embedded in an epoxy resin 
(Epon-Araldite), and prepared for electron 
microscopy according to routine methods. 
Alternating l-u-thick and thin sections 


were cut from selected blocks. Characteris- 
tic filamentous Lewy bodies in the nerve 
cell perikaryon were seen in the substantia 
nigra (Fig 1). Neurofibrillary tangles and 
Lewy bodies in nerve cell processes were 
found in the other areas studied (Fig 2 and 
3). Close proximity of neurofibrillary 
tangles and intraneuritic Lewy bodies, 
with both forms of nerve cell degeneration 
in the same 1-u-thick section was seen, 
especially in the hypothalamus. The neuro- 
fibrillary tangles showed the characteristic 
paired helical filaments (PHF) or twisted 
tubules observed in Alzheimer’s disease 
and in the majority of human conditions 
with neurofibrillary tangles (Fig 2).*" The 
intraneuritic Lewy bodies occasionally had 
a dense core and ill-defined electron-dense 
material mixed with filaments in their 
periphery; more often they were of a 
modified filamentous type (Fig 3) with one 
or more concentric bands of organelles 
close to the periphery. There was less 
tendency to radiation of the filamentous 
material than in the perikaryal filamen- 
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ypothalamus. Transmission electron micrograph. Inclusion 


consists of filamentous material admixed with other organelles and ill-defined dense material. There is no 


well-defined denser core, and radiation of filamentous 
higher magnification at top right and lower square a 
abundant at periphery (bottom right) and occasionall 
(top right) (uranyl acetate and lead citrate: 


tous Lewy body.” In a few examples in the 
hypothalamus, PHF were present within 
an intraneuritic Lewy body or at the 
periphery of the Lewy body in the same 
nerve cell process (Fig 3). 

Other electron microscopic observations 
included corporal amylacea in myelinated 
fibers" and beaded filaments, suggestive 
of Hirano bodies." 


COMMENT 


Clinically, this patient’s course was 
characterized by a progressive demen- 
tia with mild parkinsonism. Neuro- 
diagnostic studies indicated “normal 
pressure hydrocephalus.” 

Pathologically, there were definite 
differences from Alzheimer's disease 
(minimal cortical atrophy, paucity of 
neurofibrillary tangles in the cerebral 
cortex, absence of senile plaques). The 
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main findings were the large number 
of neurofibrillary tangles and Lewy 
bodies in limbic structures and in 
pigmented nuclei of the brain stem. 
There was a moderate nerve cell loss 
in the substantia nigra and locus 
caeruleus. 

Among the conditions in which 
Lewy bodies are found, the most 
important is idiopathie parkinson- 
ism, but the inclusions are also 
occasionally seen in other parkinson- 
ism-related syndromes'*'* and in 
aging.''*"" Lewy bodies were present 
in 10.6% of brains from patients with 
Alzheimer's disease in Woodard's se- 
ries? but all the patients were older 
than 60 when they died. We ourselves 
have seen Lewy bodies in four cases of 
presenile Alzheimer's disease, with 


material is not pronounced. Upper square is seen in 
t bottom right. Paired helical filaments (arrow) are 
y are present (arrow) between periphery and center 
left, x 4,500; top right, x 49,000: bottom right, x 49,000). 


onset before age 60, but all four had 
reached this age before their death 
(unpublished data). 

In our patient, the presence of Lewy 
bodies may be related to the mild 
parkinsonism, but the inclusions were 
unusually widespread, and the close 
proximity of neurofibrillary tangles 
and intraneuritic Lewy bodies was 
remarkable. This may represent a 
chance occurrence, but it is also possi- 
ble that one age-related nerve cell 
alteration may predispose to another, 
and that Lewy bodies and neurofibril- 
lary tangles may be more closely 
related than usually thought. Hira- 
no’ found Lewy bodies and neurofi- 
brillary tangles in 10% of patients 
with amyotrophic lateral sclerosis- 
parkinsonism dementia complex of 
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Guam and was able to demonstrate 
neurofibrillary tangles and Lewy 
bodies within the same nerve cell. In 
this case, we found by electron micro- 
. scopy that the correlate of the 
= neurofibrillary tangle, now called the 
= paired helical filament," occasionally 
.  J was present in the same nerve cell 
- .. process as the intraneuritic Lewy 
- body or in the inclusion itself (Fig 3). 
E We have now seen this relationship in 
|... the hypothalamus by electron micro- 
scopy also in two cases of idiopathic 
parkinsonism and in one case of 
_ Alzheimer's senile dementia (unpub- 
~ lished data). 
= We have not so far seen PHF in 
=~ perikaryal Lewy bodies in any of our 
= cases. As indicated in the description 
— — of the pathological findings and in our 
= illustrations (Fig 1 and 3), intraneurit- 
ie Lewy bodies differ somewhat in 
— — light and electron microscopic charac- 
— teristics from the classical Lewy body 
in the perikaryon. We have previous- 
. ly” discussed this difference in con- 
. nection with the ultrastructure of 
Lewy bodies in the sympathetic gan- 
~ . glia. Briefly, we regard both intraneu- 
..  ritie and perikaryal forms as Lewy 
— . bodies, because Lewy's original illus- 
SE trations? and description of the inclu- 
= sions in the innominate substance, 
= hypothalamus, and dorsal motor vagus 
nucleus include both forms, and 
—— A because the intraneuritic Lewy bodies 
= are only seen in cases with perikaryal 
— Lewy bodies. 
1 Indieations that one age change 
= may predispose to another are also 
: _ given by the fact that age changes in 
— the cerebral cortex are more pro- 
nounced in brains from patients with 
parkinsonism than in a control group 
of the same age.” Another example is 
provided by the syndrome of Haller- 
vorden-Spatz. In this disorder, Lewy 
bodies have occasionally been present, 
|. and at a very young age," ^ down to 
17 years.” The syndrome is pathologi- 
cally characterized by status pigmen- 
tosus in the pallidonigral areas and by 
dystrophic  neuroaxonal swellings, 
both changes that also may accompa- 
ny the aging process.^ 
The findings in the present case 
thus stimulate speculations regarding 
the interrelationship of various age 
changes and the relationship between 
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Lewy bodies and neurofibrillary tan- 
gles. 

Turning back to the clinical fea- 
tures in our patient, it is conceivable 
that the marked involvement of limbic 
structures, including the amygdaloid 
nucleus and the hypothalamus, may 
have contributed to this patient's 
dementia. Hooper and Vogel" have 
recently emphasized the importance 
of degeneration in the limbic system 
in classical Alzheimer's disease. The 
parkinsonian features are well ex- 
plained by the substantia nigra 
degeneration. The patient also fulfills 
the criteria for "normal pressure 
hydrocephalus.” No clear-cut patho- 
logical correlate for this syndrome has 
emerged from the pathological re- 
ports.?'^ This case presents yet a 
somewhat different constellation of 
morphological changes, but the patho- 
genesis of the syndrome of "normal 
pressure hydrocephalus" remains ob- 
scure. 


This investigation was supported by the Veter- 
ans Administration Medical Research Program. 
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Muscle Fiber-Type Disproportion 


Report of a Family With Symptomatic and Asymptomatic Members 


Toomas Eisler, MB, Jacob H. Wilson, MD 


€ Two members of a family have slowly 
progressing proximal muscle weakness 
starting from ages 2 and 6 years. Muscle 
biopsy specimens from these patients, as 
well as two other asymptomatic members 
of the same family, demonstrate predomi- 
nance of type | fibers (without fiber-type 
grouping) and minimally enlarged type Il 
fibers. In all four cases there was an 
increase in serum creatine phosphoki- 
nase levels, but electromyographic stud- 
ies were normal. 

To our knowledge, this family repre- 
sents a previously undescribed syndrome 
of type | muscle fiber predominance with- 
out a history of “floppy” babies and 
includes asymptomatic members with 
similar pathologic changes. 

(Arch Neurol 35:823-826, 1978) 


he purpose of this communication 

is to describe a family in which 
both symptomatic and asymptomatic 
members have muscle biopsy speci- 
mens showing histochemical muscle 
fiber-type disproportion. Those who 
are symptomatic have a history of 
slowly progressive proximal weak- 
ness. They differ in their age at onset 
and course from other reported cases 
of type I fiber predominance.'^ To our 
knowledge, this is the first report of a 
family with type I muscle fiber 
predominance in both symptomatic 
and asymptomatic members, none of 
whom were "floppy" babies. 


REPORT OF CASES 


Case 1.—An 18-year-old woman, born 
without complications at term of a normal 
pregnancy, had normal motor milestones. 
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At the age of 2 years, the parents noted 
that she was weaker than other children. 
After slowly progressive worsening of her 
symptoms, she was assessed medically at 
age 13 years. On the basis of the distribu- 
tion of muscle weakness, raised serum 
creatine phosphokinase (CPK) level to 243 
units (normal, 0 to 15), a mildy "myopath- 
ic" electromyogram (EMG), and gastrocne- 
mius muscle biopsy findings that included 
histochemical studies, she was thought to 
have a form of limb girdle muscular dystro- 
phy. Except for obesity, there was no 
significant medical history. 

We saw her first in 1975. At this time, 
she had normal cranial nerve function and 
mental status. She was moderately obese, 
with lumbar scoliosis and a waddling gait 
without ataxia. Tests of coordination gave 
normal results. Muscle bulk was somewhat 
increased in both calves; muscle tone was 
decreased; there was moderately severe 
weakness of iliopsoas, abductors and 
abductors of the thighs, deltoid, and triceps 
muscles, with mild weakness of all other 
muscles, except gastrocnemii, distal mus- 
cles of the upper extremities, and flexors 
and extensors of the neck, which were 
normal. There was no myotonia and no 
fasciculations were seen. The patient had 
diffieulty arising from a chair, and had to 
crawl to furniture to pull herself erect from 
the floor. There was no enlargement of 
peripheral nerves, and no sensory abnor- 
malities. Muscle stretch reflexes were 
barely obtainable at the right knee and left 
biceps; all others were absent. 

A muscle biopsy of the quadriceps femo- 
ris had been done in 1974. Type I fibers 
were more numerous than type II fibers, 
and both types varied widely in size 
(Fig 1). 

Case 2.—A 12-year-old boy, born normal- 
ly of an uncomplicated pregnancy, showed 
no evidence of any disorder until age 6 
years. From that time he has had a very 
slowly progressive diffieulty in arising 
from sitting and squatting positions. There 
was no other medieal history of note. 

He was first examined by us in June 
1975. At that time he had normal physique 
and posture. Tests of mental status, cranial 


nerve function, and coordination gave 
normal results. Muscle bulk was normal 
except for increased size of both calves. 
Tone was normal and no myotonia or fas- 
ciculations were observed. There was mod- 
erate weakness in neck flexors, and in 
triceps and iliopsoas muscles. Heel cords 
were tight bilaterally, but there was no pes 
cavus or hammer toe deformity. Peripheral 
nerves were not enlarged and sensory 
examination gave normal findings. Muscle 
stretch reflexes were absent on repeated 
examinations. 

Serum CPK level was 297.8 units in 1971 
and 1,450 mU/ml (normal, 2 to 28) in 1975. 
An EMG was normal. A muscle biopsy 
specimen from the quadriceps femoris in 
1974 showed type I fiber predominance 
(Fig 2). 

Case 3.—This 14-year-old active, athletic 
schoolboy was not a “floppy” baby and has 
no obvious neuromuscular symptoms, 
There was no medical history of note. 

He was examined in 1975 while the fami- 
ly of patients 1 and 2 were being screened. 
The only abnormal findings were minimal 
weakness in hand flexors, and in triceps 
and anterior tibial muscles bilaterally, and 
hypoactive reflexes at the biceps and 
triceps. Other reflexes were normal. 

Serum CPK level was 39.4 units in 1971, 
and 108 mU/ml in 1975. An EMG was 
normal. Muscle biopsy specimen of the 
quadriceps femoris showed type I fiber 
predominance (Fig 3). 

Case 4.—This 37-year-old woman is the 
mother of the children described above. 
There is no record of her being a “floppy” 
baby, and she has no medical history of 
illness other than bronchitis. When exam- 
ined she was grossly overweight and had 
xanthelasma of the right eyelid. The only 
abnormality on neurologic examination 
was mild weakness of both iliopsoas 
muscles. 

Serum CPK level was 20 units. The EMG 
was normal. Muscle biopsy specimen of the 
quadriceps femoris showed histochemical 
type I fiber predominance (Fig 4). 

Cases 5 AND 6.—T wo other members of 
this family agreed to examination. The 
father, aged 47 years, and the eldest boy, 
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aged 16 years, were examined in March 
1976. Both have been asymptomatic with- 
out medical and developmental history of 
note. General physical and neurological 
examinations were normal. Serum CPK 
level was 212 units/liter for the father and 
167 units/liter for the son (normal, 28 to 
140). No further data could be obtained. 


Family History 


Available history includes the presence 
of diabetes mellitus and “curvature of the 
spine” on both sides of this family. Because 
of the loss of intrafamily contacts, we have 
been unable to confirm or expand the 
above information. There is, however, no 
reason to suspect consanguinity. 


Muscle Biopsy Specimens 


Ten-micron-thick serial cross-sections of 
quadriceps femoris muscle biopsy tissue 


E» x 


Fig 3.—Case 3. Quadriceps femoris muscle, demonstrating small 
type | fiber predominance with some fiber splitting (myofibrillar 
ATPase preincubated at pH of 9.4, original magnification 


x 170). 
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from the first four cases were examined. 
Specific stains used for fiber-type identifi- 
cation and analysis were myofibrilar 
adenosine triphosphatase (ATPase) prein- 
cubated at a pH of 4.3, 4.5, and 9.4; nicotin- 
amide and adenine dinucleotide (NADH)- 
tetrazolium reductase; and trichrome. Oth- 
er stains were used to screen additional 
important light microscopic features, but 
electromicroscopy was unavailable. 

Our normal range of values for muscle 
fiber proportions and size were obtained by 
examining specimens of quadriceps femo- 
ris from patients who later proved not to 
have neuromuscular disease. These mea- 
surements compared well with figures 
reported in the literature.*'’ Normal and 
abnormal muscle biopsy slides were photo- 
graphed and measurements of interest 
made directly from the prints. For each of 
our cases, approximately 400 fibers were 


counted for "enclosed" fiber and fiber-type 
proportion analysis. Between 150 and 200 
fibers per biopsy specimen were measured 
for fiber size" and histograms con- 
structed.’ Fiber-type grouping was deter- 
mined according to the "enclosed" fiber 
principle described by Jennekens et al‘ in 
1971. Serial sections were carefully exam- 
ined for split fibers, and while some were 
found they were insufficient to account for 
the type I fiber predominance. 


RESULTS 


Muscle biopsy specimens from our 
cases showed numerical predominance 
of type I fibers. The Table and Fig 5 
present the data relating to fiber-type 
proportions, “enclosed” fibers, and 
mean diameters of fibers for each 
individual. 


Fig 2.—Case 2. Quadriceps femoris muscle, showing small type | 
muscle fiber predominance with large type Il fibers (NADH- 
tetrazolium reductase, original magnification Xx 170). 





Fig 4.—Case 4. Quadriceps femoris muscle, showing small type | 
fiber predominance with some artifactual increase in connective 
tissue (myofibrillar ATPase preincubated at pH of 4.6, original 
1 magnification x 170). 
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Predominance of type I fiber 
increased with increasing clinical evi- 
dence of muscle involvement. The 
variability in fiber size of each type 
increased in the same direction. Type 
II fibers reduced in proportion to the 
increase in type I fibers, but were 
increased in their size in every case 
except case 4. Only material from 
patient 1, who had the most marked 
physical findings, showed an increase 
in connective tissue, degenerated fi- 
bers of both types, and minimal 
inflammatory cell infiltrates; these 
are features found in the endstages of 
most neuromuscular disorders.'°:!2:"" 
The number of “enclosed” fibers was 
within the normal range for the total 


NUMBER OF FIBRES 


100 120 


number of fibers counted in each biop- 
sy specimen, so that by this method of 
analysis fiber-type grouping was not 
present to a significant degree. Cen- 
tral nuclei were found, but the 
numbers were within the accepted 
range of normality." 

These biopsy specimens showed no 
evidence of central cores, reducing 
bodies,^'' target fibers, or specific 
metabolite accumulations.* No tri- 
laminar fibers were seen, no type III 
fibers were demonstrable, and there 
was no lysis of myofibrils.'*-? 

The major muscle fiber subtypes 
were not rigorously assessed as this 
has not been shown to be of value 
clinieally. We did endeavor to sub- 
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Fig 5.—Histograms showing type | fiber (light bars) and type II fiber (dark bars) numbers 
and shortest diameters for each of four cases. 
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type the type I fibers, but failed to 
observe the differentiation into sub- 
types as described by Askanas and 
Engel.” 

Plasma CPK values were compared 
to the normal range for each laborato- 
ry at the time they were analyzed. 
Despite the raised CPK values for the 
father and eldest son (cases 5 and 6), 
both had normal findings on clinical 
examination and neither was willing 
to undergo further laboratory tests. 
Other muscle enzyme values were 
found to be normal, and thus the 
significance of the raised CPK levels 
in these two instances is unknown. 

Electrophysiologic studies gave nor- 
mal findings, but single-fiber testing 
was not done. As the clinical examina- 
tion failed to show any evidence of 
cardiovascular abnormality, electro- 
cardiography was not performed. 


COMMENT 


We have described a family in 
which muscle biopsy material from 
four members clearly demonstrates 
type I fiber predominance. This was 
found in both symptomatic and 
asymptomatic individuals, none of 
whom had a history of the “floppy 
infant” syndrome. 

Symptomatic members of this fami- 
ly had the complaint of slowly 
progressive weakness most severe in 
the proximal muscles of the extremi- 
ties and usually associated with loss of 
tendon reflexes. Laboratory results 
included increased plasma CPK val- 
ues, muscle biopsy demonstration of 
type I fiber predominance, and nor- 
mal EMG. Fiber-type predominance 
may be “true” due to an increase in 
one type of fiber or a reduction in the 
other, and it may be “apparent” 
because of inadvertant unrepresenta- 
tive sampling’ in a patient with fiber- 
type grouping.” We consider our cases 
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to have true fiber-type predominance 
because (1) this was demonstrated in 
four individuals by two separate labo- 
ratories and (2) analysis via the "en- 
closed" fiber-counting method ex- 
cluded any significant  fiber-type 
grouping. 

Theoretically, a selective fiber in- 
volvement in a disease process could 
be caused by a property of the muscle 
fiber itself or by selective abnormality 
of the specific motor neuron. Some 
of the muscle fiber atrophies and 
hypotrophies described in the litera- 
ture may be caused by selective 
disturbance of certain trophie in- 
fluences of the related motor neuron 
on the muscle fiber, as outlined by 
Warmolts and Engel* and recently 
reviewed with respect to muscle fiber 
hypotrophy by Bender and Bender.” 
In this family, it seems that at the 
same time as the causative agent 
decreased the size and increased the 
number of type I fibers, it increased 
the size and decreased the number of 
type II fibers, before eventually caus- 
ing the atrophy of both fiber types. 
This peeuliar interplay has not been 
delineated specifically in other reports 
of fiber-type disproportion. 

Fiber-type disproportion in muscle 
biopsy material has been described in 
various clinieal circumstances. Pre- 
dominance of type I fibers with small 
mean diameters and no other discern- 
able abnormality has been described 
with only one clinical syndrome— 
congenital fiber-type disproportion. 
This syndrome consists of weakness 
and hypotonia beginning at or shortly 
following birth—perhaps later asso- 
ciated with contractures and multiple 
skeletal abnormalities—and character- 
ized by a stationary or improving 
course later in life. It is often familial. 
There are several other neuromuscu- 
lar disorders as well as general medi- 
cal conditions causing weakness and 
hypotonia beginning shortly after 
birth, but none with the muscle biopsy 
picture just described. 

Our cases have muscle biopsy find- 
ings suggestive of a laboratory diag- 
nosis of congenital fiber-type dispro- 
portion, yet they do not have the 
clinical syndrome previously de- 
scribed. Patient 1 may possibly have 
had a mild expression of this disorder, 
but her subsequent progression is not 
classical. The designation “congen- 
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described finding was present at 
birth; in this family there is no 
evidence that the type I fiber predom- 
inance was not present at birth, and 
neither is there proof that it was. 
These cases also differ from other 
type I fiber predominance syndromes 
because they lack the developmental 
history of hypotonia in infancy, oph- 
thalmoplegia,? dislocated hips, and 
contractures or abnormalities of feet 
or palate requiring surgical correc- 
tion.^* Examination of this family 
has excluded cerebellar disease,’ upper 
motor neuron disease,” and peripheral 
nerve disorders." 

The prognosis of congenital fiber- 
type disproportion as given in some 
reports*?*'? is one of a rapidly fatal 
disorder of infancy or, more usually, a 
slowly improving or stationary neuro- 
museular disease. Neither prognosis 
seems applicable to our cases. Thus, 
the clinical significance of muscle 
fiber disproportion is still unclear. 
Whatever the etiology of this condi- 
tion the described family has this 
finding on muscle biopsy examina- 
tion, and it is present in both symp- 
tomatie and asymptomatie members 
without the characteristic clinical syn- 
drome of "floppiness" in infancy. This 
may prove to be of value to those 
investigators formulating prospective 
clinieal investigations of neuromuscu- 
lar disorders and also to those clini- 
cians with the unenvied task of genet- 
ic counseling. 


John Kennedy, MD, performed the electrophy- 
siologic studies on cases 2, 3, and 4. The Clinical 
Pathology Laboratories of the Good Samaritan 
Hospital and Medical Center, Portland, Ore, and 
the Sacred Heart General Hospital, Eugene, Ore, 
gave permission to examine muscle biopsy mate- 
rial. 
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Familial and Acquired 


Paroxysmal Dyskinesias 


A Proposed Classification With Delineation of Clinical Features 


David J. Goodenough, MD; Ruggero G. Fariello, MD; Byron L. Annis, MD; Raymond W. M. Chun, MD 


e On a clinical basis the paroxysmal 
dyskinesias can be classified into two 
distinct categories—familial and acquired. 
The former begins in childhood and the 
dyskinesia may or may not be induced by 
sudden movements (kinesigenic or nonki- 
nesigenic forms). In the familial kinesi- 
genic form, the movements are brief, 
usually occur daily, and respond readily to 
anticonvulsants. This form has an auto- 
somal dominant or recessive mode of 
inheritance. In the familial nonkinesigenic 
form, the movements are of longer dura- 
tion, occur less frequently, and rarely 
respond to anticonvulsants. This form has 
a clear autosomal dominant mode of 
inheritance. The etiology is obscure. The 
acquired form of paroxysmal dyskinesia 
has a later onset and is an expression of 
an underlying neurological or metabolic 
disease. Some cases of acquired paroxys- 
mal dyskinesia are manifestations of 
unusual forms of epilepsy. In these cases 
the differential diagnosis may be extreme- 
ly difficult and must be based on EEG 
findings during an ictal episode. 

(Arch Neurol 35:827-831, 1978) 


number of terms have been used 

to describe patients with the 
syndrome of a dyskinetie movement 
disorder that occurs paroxysmally. 
These include familial paroxysmal 
choreoathetosis,^ periodic dystonia,’ 





Accepted for publication Jan 19, 1978. 

_ From the Departments of Neurology and Pedi- 
atries, University of Wisconsin Center for Health 
Sciences, Madison, and the Gundersen Clinic, La 
Crosse, Wis. 

Reprint requests to Department of Neurology, 
University of Wisconsin Center for Health 
Sciences, 1300 University Ave, Madison, WI 
53706 (Dr Chun). 


Arch Neurol—Vol 35, Dec 1978 


paroxysmal ehoreoathetosis,'^'" parox- 
ysmal kinesigenie choreoathetosis,'-'? 
and paroxysmal dystonie choreoathe- 
tosis.'* A variety of epileptic disorders 
(reflex epilepsy," seizures induced 


and movement epilepsy?*?*) have been 
included in this grouping. Despite this 
varied classification, all of these cases 
have strikingly similar clinical mani- 
festations characterized by parox- 
ysms described as choreoathetotic, 
dystonic, and/or tonic movements, 
having their onset in childhood and 
often occurring in families. This arti- 
cle further delineates the clinical 
features, discusses diagnostic catego- 
ries, presents a unifying classifica- 
tion, and discusses the possible patho- 
physiology of the paroxysmal dyskine- 
sias and their relationship to epilepsy. 
Three cases of familial kinesigenic 
dyskinesias are presented and the 
relevant available literature is re- 
viewed. 


REPORT OF CASES 


Case 1.—A 75-year-old boy was referred 
for evaluation of a three-year history of 
involuntary movements that occurred 
while exercising. At age 2% years, his 
parents noted recurrent episodes during 
which he would run to the car and suddenly 
stop for a few seconds unable to move. 
These were observed about once a week. At 
approximately 4 years of age, the parents 
noted episodie writhing, jerking move- 
ments of the arms and legs, lasting 30 
seconds to two minutes, occurring many 
times a day, always after sudden move- 
ments, especially after a period of immobil- 
ity, and never associated with loss or cloud- 


ing of consciousness, incontinence, or 
change in sensorium following the epi- 
sodes. The patient could also sense when a 
particular movement or exercise would 
result in his abnormal movements, but he 
was unable to describe this sensation. For 
the last year, he also had grimacing with 
associated speech difficulty during the 
episodes. Between episodes he was perfect- 
ly normal and could ride his bieycle for 
hours without difficulty. He did well in 
school and had no change in intellect or 
personality. 

There was no history of similar episodes 
in any other family members. His younger 
brother had had febrile convulsions in 
infancy. 

Physical and neurological examination 
at rest gave normal findings except for a 
small capillary hemangioma on his fore- 
head. The paroxysmal movements could be 
induced if the patient was quiescent for 15 
to 20 minutes, and then began to hop about 
on one leg. Generalized choreoathetotic 
movements with facial grimacing and 
dysarthria occurred usually within a min- 
ute. There was no loss of consciousness or 
postepisodic changes in sensorium. The 
episodes lasted for 90 seconds. A refractory 
period of 15 to 20 minutes usually occurred 
after each episode. The patient avoids the 
paroxysms by initiating movements slow- 
ly. 

Normal laboratory values included com- 
plete blood cell count, sedimentation rate, 
calcium, phosphorus, magnesium, BUN, 
glucose, uric acid, bilirubin, SGOT, cerulo- 
plasmin, phenylalanine, urinalysis, and 
computerized tomogram. An EEG at rest 
showed a focal disturbance of function in 
the right temporal area and a photoconvul- 
sant response. An EEG during a paroxysm 
was obtained twice and demonstrated no 
changes except for some movement arti- 
fact. 
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Phenytoin therapy was begun, with 
marked reduction in the frequency of the 
paroxysmal movements and a subsequent 
complete amelioration of symptoms. 

Case 2.—A 16-year-old boy was seen 
because of a two-year history of involun- 
tary movements that were induced by 
exercise. At age 14 he began having spells 
after sudden bursts of exercise. The spells 
were characterized by brief periods, 10 to 
15 seconds in duration, of "frozen motion,” 
usually affecting the patient’s arms more 
than his legs and with the arms in an 
extremely supinated position with the left 
arm raised above the shoulder. There was 
no prodroma, although he could sense when 
a particular movement would induce a 
spell. The patient noticed that the spells 
were not nearly as prominent or as likely to 
occur if he “warmed up” properly before a 
short burst of exercise. The spells occurred 
with increasing frequency and eventually 
were precipitated by sudden postural 
changes (getting in and out of a car). 

Family history disclosed no similar 
episodes in any other family members. 
There is a 12-year-old sibling with a convul- 
sive disorder. | 

Results of physieal and neurological 
examinations were completely normal. Af- 
ter running in place without warming up, 
he would begin to show bilateral dystonic 
movements of his upper extremities. The 
movements would last about 15 seconds 
and then the patient would return to 
normal. During the episodes, there was no 
loss of consciousness or incontinence. 

Normal laboratory values included se- 
rum calcium, phosphorus, magnesium, 
BUN, glucose, uric acid, bilirubin, liver 
function tests, sedimentation rate, urinaly- 
sis, skull roentgenograms, brain scan, and 
EEG. 

Phenytoin therapy was begun, with 
complete relief of symptoms. 

Case 3.—A 24-year-old man was referred 
to our service for evaluation. At age 16, the 
patient began to experience dystonic uni- 
lateral spasms, induced by sudden move- 
ments, occurring predominantly on the 
right side and involving his hand, arm, and 
leg, preceded by sensory prodromata simi- 
lar to those described above. These spasms 
would last for several seconds, never longer 
than 25 seconds, and occurred at least daily. 
There was never loss or clouding of 
consciousness during or after the episodes. 
He was occasionally able to suppress the 
spasms. He reported that his father had 
similar sensory prodromata, but never 
developed any movements or spasms. 
Results of physical, neurological, and 
routine laboratory examination were en- 
tirely normal. When he was asked to hop on 
his left foot, he developed dystonic postur- 
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Table 1.—Paroxysmal Dyskinesias 





Familial 
Kinesigenic 
Choreoathetotic 
Dystonic 
Mixed 
Tonic 
Nonkinesigenic 
Choreoathetotic 
Tonic 
Acquired 
Other neurological diseases 
Multiple sclerosis 
Cerebral palsy 
Other metabolic disorders 
Idiopathic hypoparathyroidism 
Epileptic disorders 
Reflex epilepsy 
Generalized or partial epileptic 
seizures of tonic expression 


ing of his left extremities. When asked to 
hop on his right foot, a similar movement 
was noted in his right extremities. An EEG 
was completely normal. Phenytoin therapy 
was begun, with subsequent complete 
relief of his paroxysms. 


COMMENT 


The present cases along with 93 
cases reviewed in the literature can be 
classified as paroxysmal dyskinesias 
(Table 1) characterized by sudden 
attacks of involuntary posturing and 
movements of the body, not associated 
with loss of consciousness. The major- 
ity of cases (79) can be classified under 
the term of familial or idiopathic 
paroxysmal dyskinesias. A smaller 
number (17) can be classified under 
the term acquired or symptomatic 
paroxysmal dyskinesias. The latter 
are associated with either neurological 
disease such as multiple sclerosis*****’ 
or cerebral palsy, =”? metabolic disease 
such as idiopathie hypoparathyroid- 
ism, or clinical and electroencephalo- 
graphic evidence of reflex epi- 
lepsy.'*?'-* 

The familial paroxysmal dyskine- 
sias can be further divided into those 
cases in which the paroxysms are 
induced by movement ("kinesigen- 
ic")' as opposed to those cases in 
which the paroxysms are not ("nonki- 
nesigenie"). An example of the latter 
is the family originally described by 
Mount and Reback.' 


Familial Paroxysmal Dyskinesia 


Of the paroxysmal dyskinesias, 
those that are kinesigenie are most 
frequently described. The 64 cases 
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reported are remarkably similar and 
are a distinct clinical entity. Their 
characteristics are different from the 
clinical features of the individuals 
with the nonkinesigenic form of this 
disorder, +? which was first sug- 
gested by Kertesz" (Table 2). 


Age at Onset and Sex 


The familial paroxysmal dyskine- 
sias almost always begin in childhood. 
Seventy-two percent of the kinesigen- 
ic form begin between 6 and 15 years 
of age. Onset before the age of 5 
occurs less commonly. Only one 
patient had onset after the age of 20.* 
The nonkinesigenic form of this disor- 
der, on the other hand, begins almost 
exclusively in infancy; 13 of the 15 
reported cases had their symptoms 
prior to the age of 5. The familial 
disorders have a male predominance, 
with an overall sex ratio of 4:1 in the 
kinesigenie form and 3:2 in the non- 
kinesigenic form. 


Genetics 


In the kinesigenie form of this 
disorder, one half of the families 
report a similar movement disorder in 
one or more members of the family. 
An autosomal dominant pattern of 
transmission was reported in the 
families described by six au- 
thors.**:9:2272? Several families have 
a similar disorder in one or more 
siblings but in no other family 
members,^**'^ which suggests an 
autosomal recessive mode of inheri- 
tance. This, however, would not 
exclude other hypotheses such as an 
autosomal dominant gene with incom- 
plete penetrance, new mutations, or 
the possibility of recessive and domi- 
nant varieties existing independently. 
In this light, the occurrence of sporad- 
ic cases would not exclude a genetic 
mode of transmission. In contrast, the 
nonkinesigenie form of the disorder 
has always occurred with an autosom- 
al dominant mode of inheritance. 


Induction 


A constant feature of the kinesigen- 
ic paroxysmal dyskinesia is the precip- 
itation of the attack by movement, 
which occurred in all of the cases 
reviewed. The most common example 
is a brisk, sudden movement after a 
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Age at onset, yr 


Benefit from anticonvulsants 





0-5 16 87* 

6-16 72 7* 

=> 16 12 6 
Sex 

Male 80 60 

Female 20 40 
Family history 

Similar attacks 54 (N = 59) 100* 

Epilepsy 29 (N = 59) 0* 
Induction by movement 100 7 
Prodromata 96 (N = 50) 100 (N = 8) 
Ability to suppress paroxysms 100 (N = 46) 100 (N = 4) 
Character of movement 

Choreoathetotic 64 67 

Dystonic 9 0 

Mixed 8 0 

Tonic 19 33 
Site 

Unilateral 62 46 (N = 13) 

Bilateral 28 38 (N = 13) 

Both 10 15 (N = 13) 
Duration i 

< 5 min 100 0* 

> 5 min 0 100* 
Frequency at least daily 95 (N = 59) 25 (N = 12)* 





% of Cases 









Kinesigenic 
(N = 64) 


Nonkinesigenic 
(N = 15) 



























96 (N — 52) 17 (N = 6)* 








*Difference between kinesigenic and nonkinesigenic forms is significant to P — .0005. 


period of sitting or lying at rest. A 15- 
to 20-minute refractory period be- 
tween paroxysms, similar to that 
described in case 1, is rather typi- 
cal.s9'* With few exceptions, the 
likelihood and frequency of having a 
paroxysm was increased during peri- 
ods of anxiety, tension, and embar- 
rassment. Startle, which often pro- 
duces a jolt or movement, can induce a 
paroxysm.*' By contrast, in the 
nonkinesigenic form of this disorder, 
movement is rarely a triggering 
mechanism. The most common precip- 
itating factors seem to be either alco- 
hol ingestion, physical exhaustion, or 
the combination of these factors. 1-2 


Prodromata 


Immediately prior to the onset of 
each paroxysm in the familial parox- 
ysmal dyskinesias, nearly every pa- 
tient experiences some type of senso- 
ry prodroma. In most patients this 
consisted of paresthesias or feelings 
of tightness involving the affected 
limbs. A vague premonitory sensation 
has also been noted. The sensory 
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prodromata occurred with such regu- 
larity that the patients learned to 
suppress some of their paroxysms by 
physically “seizing” their affected 
limbs tightly, “stopping dead still,” 
crossing their legs, or mentally “fight- 
ing it off.” More frequently, the 
patients learned to avoid inducing the 
paroxysms by initiating movements 
slowly, performing activities at a 
moderate rate, performing warm-up 
exercises before initiating sudden 
movements, or avoiding any sudden 
movement completely. 


Paroxysms 


The movements during the actual 
paroxysms usually affect an arm or 
leg, and then proceed to involve the 
other limb on that side in over 60% of 
the cases. It affects both sides in 
about 30%, and alternately unilateral 
and bilateral less often. The character 
of the movements in the kinesigenic 
form of the disorder was choreoathe- 
totic or athetotic in about 64% of the 
case reports. Dystonic posturing and a 
mixture of choreoathetotic and dys- 





tonie posturing occurred less fre- 
quently. The movements were de- 
scribed as tonic spasms in about 20%. 
The character of the movements in 
the nonkinesigenic form of the disor- 
der is described as choreoathetotic in 
the families of Mount and Reback' 
and Richards and Barnett" and as 
tonie flexor spasms in the family 
described by Lance. The different 
characteristics of the movements 
probably represent various clinical 
manifestations of the same disorder. 

During the paroxysms, the state of 
consciousness remained unchanged. 
The duration of the paroxysms in the 
kinesigenic form is quite short, usual- 
ly (80% of the time) lasting less than a 
minute. None of the cases had parox- 
ysms for more than five minutes. In 
contrast, the nonkinesigenic parox- 
ysms are all described as lasting more 
than five minutes, with 27% of the 
cases having paroxysms lasting at 
least one hour. Over 95% of the cases 
of kinesigenic form of the disorder 
had at least one paroxysm per day 
when initially diagnosed, and some 
patients reported having over 100 
paroxysms a day.*'* The frequency of 
the paroxysms in the nonkinesigenic 
form was much less, with most of the 
patients having episodes occurring 
two to three times a month. Only 
three individuals had daily episodes. 
There was a normal postdromal peri- 
od. 


Course and Treatment 


The frequency of the paroxysms 
increases during adolescence and 
gradually decreases after the age of 
20. Paroxysms usually continue 
throughout life, although spontaneous 
remissions have been reported. The 
response to anticonvulsants is striking 
in the kinesigenic form, resulting in a 
marked decrease in the frequency or 
amelioration of the paroxysms. Phe- 
nytoin is the most commonly used 
anticonvulsant, but equally good re- 
sponses have been reported with 
phenobarbital, carbamazepine, and 
primidone. In contrast, anticonvul- 
sants have little if any beneficial 
effect on the nonkinesigenic form and 
may increase the paroxysms in some 
cases.' The longevity of these patients 
is unaffected by the disorder. 
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Neurological Abnormality 


The general physical and neurologi- 
cal examinations have given essential- 
_ ly normal findings in all the cases of 
- A familial paroxysmal dyskinesias. In 
. .. addition, there were no consistent 
T abnormalities seen in any of the 
= routine laboratory data including 
E metabolie studies, CSF examination, 
à d eerebral arteriography, and pneu- 

. moencephalography. The EEG reports 
— of the cases of familial paroxysmal 

. dyskinesias were reviewed and clas- 
E sified as either normal, nonepileptic 
- but abnormal, or abnormal consistent 
- with epilepsy. There were 59 cases of 
E. - the kinesigenie form who had EEGs 
d reeorded between paroxysms. Thirty 
_ of these had normal baseline EEGs 
i ay with or r without pharmacologic activa- 
= tion. Fourteen cases had nonepi- 
Bet but abnormal baseline EEGs, 
f and six had baseline EEGs that were 
- abnormal consistent with epilepsy. In 
A three patients whose baseline EEGs 
—. were abnormal consistent with epilep- 
E sy (but who did not have an EEG 
- during a paroxysm), the EEG abnor- 
3  mality may be explained on another 

basis. Two of them had a coexisting 
4 E seizure disorder.' ^" One had a proio. 
|»... paroxysmal response." 

= In addition, 14 of these patients had 
EEGs recorded during a paroxysm. 
= The baseline EEGs were normal in 
. . ten, nonepileptic but abnormal in one, 
= andabnormal consistent with epilepsy 
- . in three. None of these showed during 
x zi the paroxysm any EEG features 
ES consistent with generalized seizures; 
|. in fact, the EEG pattern did not differ 
E. from the baseline. 

- Baseline EEGs were reported in 12 
| ~ eases of the nonkinesigenic form of 
5 Es the disorder; of these, ten were normal 
|. and two were nonepileptic but border- 
. line abnormal. 
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E: 
us Pathologic and Pathophysiologic 
2 Findings 


Only two autopsied cases have been 
= reported in the literature. Stevens' 
|. noted "only slight asymmetry of the 
B substantia nigra, the compact black 
| zone being dorsal on the left side, 
E. medially located on the right." On 
pathological examination, Kertesz” 
reported "the presence of some melan- 


830 Arch Neurol—Vol 35, Dec 1978 


in pigment in macrophages in the area 
of the locus ceruleus suggesting slight 
loss of neurons from this nucleus." 
Such a small number of cases does not 
allow for any definitive conclusions, 
but it is interesting that both lesions 
were found within the extrapyramidal 
motor system. 

The uniformity of the clinical 
features suggests a common patho- 
genesis of the disorder. Most of the 
early investigators concluded that the 
paroxysms should be considered a 
variety of reflex epilepsy and/or tonic 
seizures. The arguments leading to 
this conclusion were the paroxysmal 
nature of the attacks, the response to 
anticonvulsant medication, a sensory 
prodroma preceding the attack, and 
the frequent association of epilepsy in 
the family and patients. In the kine- 
sigenic form of the disorder, Lishman 
et al'* in 1962 postulated a cortical or 
subcortical focus whose firing would 
be triggered reflexly by afferent 
impulses from the contracted muscles 
and tendons. 

There are features of the disorder 
that cast serious doubt on the epileptic 
nature of this disorder. In the great 
majority of the cases, the diagnosis is 
not substantiated by EEG abnormali- 
ties. We considered the diagnosis of 
epilepsy definitively disproved if dur- 
ing a generalized choreoathetotie at- 
tack, the state of consciousness and 
the EEG activity, either normal or 
abnormal, persists unaltered. Our 
first patient had a baseline EEG with 
epileptiform abnormalities that per- 
sisted absolutely unchanged through- 
out the generalized choreoathetotic 
episode. These EEG findings provide 
evidence for the coincidental nature of 
the two abnormalities. Three addi- 
tional eases had abnormal baseline 
EEGs but did not demonstrate epilep- 
togenie changes during the episode. In 
addition, in the ten eases with normal 
baseline. EEGs, the EEGs remained 
normal during the paroxysm. Further- 
more, seizure-activating procedures 
(including sleep and administration of 
convulsants) failed to induce attacks 
in these patients. 

Recently, Loong and Ong" treated 
a 21-year-old man with familial parox- 
ysmal kinesigenic choreoathetosis, 
who was previously well controlled on 





phenytoin therapy, with a course of 
levodopa after withdrawal from phe- 
nytoin. On levodopa therapy there was 
complete control for six weeks. For 
economie reasons, levodopa therapy 
was stopped and phenytoin therapy 
was reinstituted. During the interval 
between the regimens, the attacks 
increased in frequency and severity. 
Once on phenytoin therapy, the 
patient again obtained good control of 
the paroxysms. This response to levo- 
dopa lends support to the contention 
that this is an extrapyramidal disor- 
der, especially since levodopa has not 
been shown to have any anticonvul- 
sant property and moreover may 
precipitate seizures.^ For these neu- 
rophysiological and pharmacological 
reasons, we believe that the familial 
paroxysmal dyskinesias are not a 
form of epilepsy but rather a disorder 
of the extrapyramidal motor system 
as first suggested by Smith and Heer- 
sema. This would support grouping 
the disorder with chronic dyskinesias, 
such as benign familial chorea." The 
early age at onset further suggests 
that the disorder may represent a 
relative immaturity and/or insuffi- 
ciency of the dopaminergic pathway 
of the extrapyramidal motor system, 
resulting in “paroxysmal release phe- 
nomena from striatal control.” How- 
ever, until a specific biochemical 
defect can be found, the pathophysiol- 
ogy remains speculative. 


Acquired Paroxysmal Dyskinesias 


The acquired paroxysmal dyskine- 
sia must be differentiated from the 
familial form, since the actual parox- 
ysms are very similar. The acquired 
form of the disorders is associated 
with neurological disease such as 
multiple sclerosis, cerebral palsy or 
reflex and/or tonic seizures, or meta- 
bolic diseases (idiopathic hypopara- 
thyroidism). Neurological findings 
and EEG are usually abnormal in the 
acquired form of the disorder. In fact, 
if a patient has a clinical history of 
familial paroxysmal dyskinesia and a 
baseline EEG consistent with epilep- 
sy, it is necessary to obtain an EEG 
during a paroxysm for further delin- 
eation of the paroxysm. 

Paroxysmal signs and symptoms in 
multiple sclerosis have been well 
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as 





described by Miley and Forster.” 
Matthews," Joynt and Green," and 
Lance* presented a total of nine cases 
of paroxysmal dyskinesia in patients 
with multiple sclerosis. All had parox- 
ysmal tonic flexor spasms that were 
associated with pain in over half of 
their cases. The age at onset was 
between 19 and 48, averaging 33. The 
paroxysms usually occurred sponta- 
neously, although induction by move- 
ment was reported in two cases.” In 
about half of the cases, there was a 
sensory prodroma. The actual parox- 
ysms consisted of unilateral tonie 
flexor spasms of the upper and lower 
extremities. The paroxysms lasted 
less than two minutes and usually 
occurred many times a day. The state 
of consciousness was normal during 
the paroxysm and there was no post- 
dromal confusion. In all cases, there 
was clinical evidence of multiple scle- 
rosis with accompanying abnormal 
neurological examination 
long tract signs on the side of involve- 
ment. In retrospect, the paroxysmal 
movement disorder was the initial 
clinieal manifestation of multiple scle- 
rosis in three patients." The EEGs 
were usually normal, and records 
obtained during a paroxysm showed 
no evidence of epileptogenic activity 
in four of the patients. In most cases, 
the paroxysms resolved completely 
and spontaneously between one and 
two months, although the paroxysms 
were readily controlled by anticonvul- 
sants. 

Lance* and Rosen’ each described a 
patient with cerebral palsy who had 
paroxysmal dyskinesia. Both patients 
were 12 years old at the time of onset. 
Both had paroxysms induced by 
surprise or sudden fright and experi- 
enced paresthesias or pain before the 
onset of their paroxysms. The parox- 
ysms were described as tonic pain, 
unilateral or bilateral, with an essen- 
tially normal state of consciousness. 
They lasted between 14 and 60 
seconds and occurred several times a 
day. Both neurological findings and 
EEGs were abnormal. Response to 
anticonvulsants was variable. 

Arden* in 1953 reported a 14-year- 
old boy who had a 12-month history of 
paroxysmal dyskinesia and subse- 
quently was found to have idiopathic 
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showing 


hypoparathyroidism. The paroxysms 
were induced by sudden activity and 
there were no prodromata reported. 
The paroxysms consisted of tonic 
spasms bilaterally with no loss of 
consciousness, lasting a few seconds, 
occurring two to three times a day. 
Neurological findings were normal; no 
EEG was obtained. He responded to 
calcium and vitamin D with excellent 
control of his paroxysms. 

The differentiation between famil- 
ial paroxysmal dyskinesias and reflex 
epilepsy or "tonic seizures induced by 
movement” can often be very diffi- 
cult. Falconer et al,* Whitty et al,” 
and Perez-Borja et al” reported three 
cases of reflex epilepsy induced by 
movement that were associated with 
epileptic EEGs either ictally or by 
activating procedures. Such cases 
have to be carefully differentiated 
from other forms of paroxysmal 
dyskinesias. The first three cases of 
reflex epilepsy induced by movement 
were described by Gowers”’ in 1901. 

Cases of familial paroxysmal dyski- 
nesia or true reflex tonic seizures are 
frequently misdiagnosed. The exist- 
ing confusion emphasizes the need for 
clinical guidelines to avoid such errors. 
The proposed new classification, in 
absence of more specific data, cur- 
rently fills this need. 
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€ Historical, neurological, and comput- 
erized tomographic findings were corre- 
lated in 32 patients with hypertensive 
intracerebral hemorrhage. The mortality 
figures given in standard texts appear to 
be too high; the more acceptable figure 
would seem to be approximately 40%. 

Special attention was given to intraven- 
tricular rupture, which complicated 6296 
of the cases. Sudden onset of coma 
appears to correlate with the presence of 
intraventricular rupture. 

The "ring sign," if looked for, will be 
seen in most cases of resolving intracere- 
bral hematoma. 

(Arch Neurol 35:832-833, 1978) 


qoe hemorrhage follow- 
ing hypertensive intracerebral 
hemorrhage (HICH) is thought to be a 
frequent and often fatal event.' Since 
the introduction of computerized to- 
mography (CT), it has been noted that 
patients with HICH often do not have 
intraventrieular rupture, and even if 
they do the outcome may be favor- 
able. We reviewed our patients with 
HICH in order to assess this latter 
impression by determining the fre- 
quency of intraventricular rupture as 
determined by CT scan, and to evalu- 
ate correlative features of the history 
and neurologic examination. 
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PATIENTS AND METHODS 


From 4,400 patients scanned on the EMI 
scanner, 32 patients with clinical history 
and CT evidence of HICH were selected. 
All had a diastolic pressure of 90 mm Hg or 
greater or a history of hypertension. 
Patients with hemorrhage due to trauma, 
blood dyscrasias, tumors, aneurysms, ar- 
teriovenous malformations, or anticoagu- 
lants were excluded. 

The clinical features were reviewed with 
special attention to the mode of onset, ie, 
sudden onset of coma, CSF examination 
findings, and mortality. Scans were evalu- 
ated for the location of the hemorrhage, 
the presence of intraventricular blood, 
subarachnoid blood, the nature of the blood 
(ie, clotted, "suspended," or both), and for 
displacement of intracranial structures. 
Freshly clotted blood has an attenuation 
coefficient between 35 and 50 EMI units. 
Blood suspended in a large CSF space, such 
as a lateral ventricle, will have a variable 
attenuation coefficient depending on the 
point concentration of red blood cells. It is 
the nature of red blood cells to settle 
gradually in saline or CSF. If the patient is 
held motionless in the brow-up position for 
the CT sean, suspended red blood cells can 
be detected by a gradually increasing 
strata of density in the dependent portion 
of the ventricular system (Figure). 

Also recorded was the time interval 
between onset of symptoms and the scan, 
whether the patient received an infusion 
study, and the presence or absence of a 
“ring sign.” The “ring” can be present 
between day 3 and six months from the 
onset of symptoms. Initially, the “ring 
sign” is thought to be due to blood-brain 
barrier breakdown, and it can be made to 
disappear with corticosteroid administra- 
tion.’ Later, after six weeks, the ring of 
contrast enhancement is not modified by 
corticosteroid therapy and is thought to be 
due to an ingrowth and proliferation of 
granulation tissue. 

The diagnosis of HICH was supported in 


13 cases (41%) by angiography, and in four 
cases by postmortem examination. 
RESULTS 
The location of the hypertensive 
intracerebral hemorrhage was most 


frequently found to be the basal 
ganglia. 


No. (%) of Cases 


Basal ganglia 18 (56) 
Cerebellum 5 (16) 
Thalamus 3 (9) 
Pons 1 (3) 
Other 5 (16) 


Nine patients (28%) had a CSF 
examination. The majority exhibited 
gross and microscopic evidence of 
bleeding. 





Thalamic hypertensive intracerebral 
hemorrhage; uninfused CT. Right lateral 
ventricle is compressed by mass and 
contains clotted blood. Left lateral ventri- 
cle contains suspended blood in depend- 
ent occipital horn. Density of suspended 
blood is stratified (horizontal arrow) as it 
settles. Zone of periventricular edema 
contrasts blood (vertical arrow). 
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No. (%) of Cases 


Bloody 7 (77) 
Clear 2 (23) 
100 RBCs/cu mm 8 (88) 
<100 RBCs/cu mm 1 (12) 


Intraventricular blood was detected in 
20 patients (62%) by CT, and was 
characterized as to whether it ap- 
peared clotted, “suspended,” or both. 


No. (%) of Cases 


Clotted 7 (85) 
Suspended 5 (25) 
Both 7 (35) 
Not recorded 1 (5) 


Thirteen patients (40%) were coma- 
tose at the time of CT or had a history 
of coma of sudden onset. Every 
patient with sudden coma secondary 
to HICH had intraventricular blood on 
CT sean. 

Thirteen of 32 patients with HICH 
died (40% mortality). All who died had 
intraventricular blood. The mortality 
of HICH complicated by intraventric- 
ular rupture was 65% (13 of 20). The 
mortality of patients with sudden 
coma was 84% (11 of 13). 

Twenty patients (62%) had a signif- 
icant shift on CT scan (greater than 3 
mm); eight died (40% mortality). 


COMMENT 


The frequency of detection of blood 
in the cerebrospinal fluid in HICH is 
clearly dependent on the means used 
for its detection. Using spectropho- 
tometrie analysis,‘ evidence of bleed- 
ing can be found in the CSF of nearly 
100% of HICH. In a recent autopsy 
series, blood could be detected in 93% 
of the cases with the aid of the light 
microscope? Grossly  blood-tinged 
CSF was noted in 86% of a large 
autopsy series.’ 

The CT scan detected blood in the 
CSF in 62% of our patients with 
HICH. We account for this lower 
frequency as follows: (1) The CT scan 
may detect smaller HICHs that were 
previously misdiagnosed’ as other 
forms of cerebrovascular disease. (2) 
The CT scan is not as sensitive a 
detector of blood as other tests, or for 
that matter not even as sensitive as 
the naked eye. The CT scan is thought 
to be able to detect intraventricular 
blood with a hematocrit value of 
approximately 16%.* A neurology resi- 
dent is thought to be able to detect 
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blood-stained fluid with as little as 
6,000 RBCs per cubic millimeter (a 
hematocrit value of less than 1%).° 

The recent literature has empha- 
sized the excellent correlation be- 
tween the pathologie findings in 
hypertensive cerebral hemorrhage 
and the CT scan findings.^ The 
presence of intraventricular blood as 
seen on CT scan and a favorable clini- 
cal outcome has been alluded to with 
some surprise.’ Actually, this phenom- 
enon supported past experimental and 
clinical data regarding intraventricu- 
lar rupture. In experimental studies 
with cats, a volume of blood that was 
ten times the intraventricular volume 
was injected intraventricularly with- 
out observed effects." Clinically, sur- 
vival after intracerebral hemorrhage 
with intraventricular rupture has 
been noted ever since the first 
reported cases in the late 19th 
century," although stil uncommon 
enough to be a reportable event.'* The 
suspected mechanism of mortality 
was the intracranial pressure changes 
and brain herniation. A recent CT 
study has related mortality to the size 
of the hemorrhage." 

In the clinical descriptions of 
patients with HICH and intraventric- 
ular rupture, it was believed that the 
sudden onset of coma was due to 
intraventricular rupture. In our se- 
ries, 40% of the patients had evidence 
by history and physical examination 
of coma of sudden onset within 
several hours of the onset of their 
illness. All these patients had intra- 
ventricular rupture by CT scan. Our 
evidence continues to support the clin- 
ical idea that the sudden onset of coma 
in the setting of hypertensive intrace- 
rebral hemorrhage indicates the pres- 
ence of ventricular blood. 

The lower mortality in our series 
(40%) as compared to that in the stan- 
dard texts on the subject (80% to 
90%) ean be attributed to several 
factors. Aside from better nursing, 
surgical, and medical care, probably 
the most significant factor is the 
detection of hemorrhages that pre- 
viously had been misdiagnosed or 
unrecognized. Our mortality compares 
favorably to the mortality of 37% to 
40% in other recent series using 
computed tomography as a diagnostic 


tool.’ 

Another purpose of our assessment 
was to determine the frequency of 
enhancement following infusion with 
iodinated contrast material of the 
area surrounding the hematoma 
(“ring sign”). Five of our patients 
were in Laster stages II and III (7 to 
21 days)’ and received infusion stud- 
ies. Even though most of these 
patients were still in the acute phase 
of their illnesses and therefore most 
likely being treated with corticoste- 
roids, four patients (80%) exhibited 
clear evidence of a “ring sign.” This 
supports the contention that the 
“ring” will be frequently seen, if 
looked for, with infusion in resolving 
hematoma. 
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Electrical Correlates 


of Normal Binocular Vision 


Carl Ellenberger, Jr, MD, Duane E. Shuttlesworth, PhD 


|. @ Several characteristics of the visual 
stimulus determine the waveform of the 
visually evoked potential (VEP). Many of 


_ them must be controlled for the most 


efficient application of this technique as a 
clinical diagnostic test. We describe a 
simple system that demonstrates the 
effects of the VEP of adding structure to 
the stimulus, varying the size and clarity 
of its pattern elements, and presenting an 
image to the eye opposite the stimulated 
eye. We identify wave components of the 
VEP generated by a flashed pattern that 
reliably reflect each of these changes in 
stimulus properties. 
(Arch Neurol 35:834-837, 1978) 


Yhe visually evoked potential 
(VEP), useful to psychologists 
and physiologists for decades in the 
study of electrieal properties of the 
brain and the visual process, has 
shown early promise of becoming a 
valuable clinical diagnostic test. Expe- 
rience has been gained in the labora- 
tory that should direct clinicians in the 
application of this technique to the 
evaluation of disorders of vision. We 
describe a practical system of gener- 
ating VEPs that enables us to demon- 
strate several of the factors that 
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consistently determine the character 
of the VEP. These and additional vari- 
ables must be selected and controlled 
according to the nature of the visual 
disorder under investigation if the full 
clinical value of the VEP is to be 
realized. 


SUBJECTS AND METHODS 


Eight subjects, ages 22 to 40 years, with 
normal visual acuity and binocular vision 
were studied while wearing best refractive 
correction. Each viewed the center of two 
circular stimulus displays, subtending 8° of 
are at a distance of 1 m in a haploscope (Fig 
1). Similar or disimilar pattern transparen- 
cies could be superimposed on correspond- 
ing retinal areas by placement of prisms 
and +1 diopter spherical lenses in front of 
both eyes. A photostimulator illuminated 
one or both targets equally with a 4 foot- 
candle flash. Transparencies placed direct- 
ly in front of a diffusing glass appeared as 
sharply focused patterns; patterns behind 
the diffusing glass appeared as a diffuse 
light with identical total luminance. In 
addition, the image presented to either or 
both eyes could be continuously illuminated 
at variable intensities. 

Stimuli were presented regularly at a 
rate of 1/s. Thirty-two stimulus presenta- 
tions produced stable averaged evoked 
potentials. The experimenter presented 
stimulus conditions in a counter-balanced 
sequence in each session: he varied one 
characteristic of each stimulus smoothly 
between extremes, then repeated the vari- 
ation in reverse order. The resulting two 
potentials for each stimulus condition could 
be superimposed for display. Recording 
sessions were limited to 30 minutes; 
subjects were given 20-second rest periods 
between stimulus trials. 


Visually evoked potentials were recorded 
monopolarly by a silver-chloride electrode 2 
em above the inion referenced to the left 
ear. Impedance was less than 5,000 ohms. 
Bandwidth was limited by one half ampli- 
tude filters at .8 and 30 Hz. The light flash 
triggered a signal averager to sample and 
store the signal for 500 ms after the onset 
of the flash. 


RESULTS 


The group data (eight subjects) was 
analyzed to detect differences in 
amplitudes of components of the VEP 
that relate to changes in viewing 
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Fig 1.—Haploscope. See text for descrip- 
tion. 
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Fig 2.—Examples of monocular and binocular flash evoked 
potentials (FEPs) and flashed-pattern evoked potentials (PEPs) of 
one subject. Note: (1) PEP differs from FEP because PEP 
contains negative (upward) peak (N150) between 150 and 170 ms 
(P < .01); (2) amplitudes of binocular pattern responses are 
greater than monocular (P < .01); and (3) this binocular summa- 
tion does not occur with FEPs. 
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Fig 4.—Variation of N150 (T) in three subjects as a function of 
check size. Amplitude is highest with sizes 20 and 28 minutes of 
arc, "optimal" check size. 
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Fig 3.—Flashed evoked potentials and flashed-pattern evoked 
potentials (PEPs) elicited by monocular stimulation of opposite 
eyes of three subjects. Simultaneous stimulation of both eyes with 
these different stimuli produces characteristic PEP; N150 
(arrows) is present. 
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Fig 5.—Progressive decrease of N150 (T) with increasing refrac- 
tive error in same subject is apparent with optimal checks (28 
minutes) and not seen with larger checks (44 and 60 minutes). 
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Fig 6.—Averaged amplitude of N150 of 
eight subjects as function of check size 
(brackets indicate standard error, 
P< .01). 
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Fig 7.—Decrease in amplitude (average of 
eight subjects) of N150 with 3-diopter 
increase in refractive error is seen using 
optimal check size (28 minutes) (P — .05) 
but not with larger checks (52 minutes). 
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Fig 8.—Amplitude of N150 generated by 
flashing 28-minute pattern as function of 
size elements of pattern viewed constantly 
by opposite eye (horizontal axis). Ampli- 
tude is minimal when sizes of flashed 
pattern and constant pattern are similar 
(P — .05). D indicates diffuse stimulus. 
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conditions. Although each relationship 
was not necessarily always observed 
with every subject, differences re- 
ported below, based on group data, 
were significant (P < .05). Individual 
examples (Fig 2 through 5) illustrate 
findings that are typical and signifi- 
eant (P < .05) for the group as a 
whole. Superimposed waveforms rep- 
resent two recordings under identical 
conditions. 


Flash-Evoked Potentials 


Flash-evoked potentials (FEPs) 
generated by diffuse stimuli are illus- 


trated in Fig 2, left. Waveforms are 


variable, but one major component is 
usually detectable in all subjects, a 
major negative (upward) deflection 
(N70) beginning at 50 ms with a peak 
at 70 ms. Amplitude is measured from 
a baseline drawn from the initial point 
of the VEP. Amplitude of N70, aver- 
aged over the group of subjects, is 
similar under both binocular and 
monocular conditions, ie, binocular 
summation of N70 does not occur. 


Flashed-Pattern Evoked Potentials 


Addition of pattern to the visual 
stimulus (by moving the transparency 
from the back to the front of the 
diffusing screen) substantially alters 
the waveform by producing a large 
negative deflection (N150 [Fig 2, 
right]). A 2 x 2 analysis of variance 
tested the differences in amplitude at 
150 ms for FEPs and flashed-pattern 
evoked potentials (PEPs) elicited un- 
der monocular and binocular stimulat- 
ing conditions. The results show a 
significant difference between FEPs 
and PEPs (F = 159.39, df = 1/28, 
P< .001) and monocular and binocu- 
lar viewing conditions (F = 12.64, 
df = 1/28, P< .005). A significant 
interaction was also found (F = 7.99, 
df = 1/28, P< .01) and analyzed by 
Duncan’s multiple range test. The 
results show no difference in ampli- 
tude at 150 ms between FEPs gener- 
ated under monocular and binocular 
viewing conditions. Amplitudes of 
N150 of PEPs under both monocular 
and binocular conditions are greater 
than amplitudes of their FEP counter- 
parts (P < .01 in both cases). This test 
also showed a significant difference 
(P < .01) between monocular and bin- 


836 Arch Neurol—Vol 35, Dec 1978 


ocular PEPs. This binocular summa- 
tion is greater with optimal check 
sizes. Stimulation of one eye with 
pattern and the other simultaneously 
with a diffuse flash elicits a potential 
with N150, ie, a typical pattern evoked 
potential (Fig 3). 


Variation of PEP 
With Pattern Element Size 


Figure 4 illustrates the variation in 
the amplitude of N150 as a function of 
pattern element size for three sub- 
jects. A one-way analysis of variance 
of the group data showed a significant 
check-size factor (F = 8.69, df = 7/48, 
P < .01). Post hoe analyses (Duncan’s 
multiple range test) showed that aver- 
age amplitudes produced by check 
sizes of 20, 28, and 36 minutes differ 
substantially from those produced by 
check sizes of 12, 44, 52, and 600 
minutes of are. Average N150 peak 
amplitudes reach a maximum of 
24.57 + SE of 1.20 uV at 28 minutes of 
arc, the "optimal check size," and 
decline with increasing or decreasing 
check size (Fig 6). In contrast, the 
amplitude of the N70 peak does not 
change substantially in relation to the 
size of the pattern elements. 


Effects of Clarity of the Image 


Amplitude of the N150 peak de- 
creases progressively as image clarity 
is reduced (Fig 5 and 7). A one-way 
analysis of variance of the group data 
showed a significant difference in 
amplitude as a function of blur 
(F = 2.35, df = 7/32, P< .05). The 
reduction in amplitude with blur is not 
significant (P = .05) when PEPs are 
elicited by patterns with large check 
size (44 to 60 minutes of arc). 


Binocular Interaction 


The evoked potential generated by 
stimulating one eye with optimal- 
sized checks can be altered by contin- 
uous stimulation of the other eye (Fig 
8). Amplitude of N150 is smallest 
when the opposite eye views a stimu- 
lus containing pattern elements close 
to the optimal size. This effect is 
significant (P < .05). 


COMMENT 


Certain components of the VEP 
reflect specific characteristies of the 
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visual stimulus. The earliest compo- 
nent, N70, appears with both diffuse 
and patterned stimuli. Its amplitude 
is not affected by changes in pattern- 
element size, image clarity, or binocu- 
larity. Change of these stimulus 
parameters, however, affects the am- 
plitude of a later component, N150. 
We therefore, suggest that the earlier 
wave component relates to change in 
luminance, a relatively basic step in 
the processing of visual stimuli, 
whereas the later component reflects 
more complex steps in processing of 
stucture within the stimulus. Consis- 
tent with this interpretation, binocu- 
lar interaction, another later step in 
the hierarchical visual process, is 
reflected in the amplitude of the later 
wave components, N150 and P210. 

Our results parallel those obtained 
by pattern-reversal techniques; for 
example, the optimal check size of 28 
minutes of arc approximates the opti- 
mal size reported by others using 
pattern reversal. The larger optimal 
check size in our study may relate to 
the larger retinal area we stimulated 
(8°). Regan and Richards’ found an 
optimal size of 12 minutes of arc using 
an aperture of 2? in diameter. Ampli- 
tude of the response is diminished by 
blur using either pattern-reversal or 
flashed-pattern methods.'* 

Our results also parallel in several 
interesting ways those obtained by 
recordings from single units in the 
visual systems of animals: (1) The 
observation that cells in the visual 
system are more responsive to con- 
tours than to unpatterned light is well 
established.** Similarly, we found 
that flashed-pattern stimuli produce 
VEPs of greater amplitude and stabil- 
ity than flash-evoked potentials (Fig 2 
and 3) When flashed and pattern 
stimuli are presented simultaneously 
to opposite eyes, the pattern response 
predominates (Fig 3). (2) Cells pro- 
jecting from the area centralis of 
animals are less responsive when 
images are blurred? We and others 
have found that amplitude of the VEP 
is diminished when patterned stimuli 
viewed by the fovea are defocused 
(Fig 5 and 7)? (3) Peripheral recep- 
tive fields in animals are larger than 
central fields and responses of periph- 
eral single units are less affected by 
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blur. Similarly, peripheral retina 
beyond 7° from the fovea in humans is 
not responsive to patterned stimuli.’ 
(4) Most cortical neurons are binocu- 
larly responsive, ie, they respond best 
to an image projected onto corre- 
sponding points on the retinas of ei- 
ther eye.*® Similarly, the binocular 
evoked potential to a patterned stimu- 
lus has greater amplitude than the 
monocular potential (Fig 2).'^ (5) The 
response of single units in the dorsal 
lateral geniculate nucleus" and in the 
visual cortex”? of the cat can be inhib- 
ited by visual stimulation of the corre- 
sponding receptive field of the oppo- 
site eye. We and others have found 
similar evidence of a  binocu- 
lar inhibitory effect using VEPs 
(Fig 8). 

The flashed pattern technique may 
prove practical for clinical application 
for several reasons. First, it is rela- 
tively inexpensive, using a photostim- 
ulator available in most EEG laborato- 
ries. Second, relatively few stimuli 
(32) are required to generate adequate 
responses in the average subject. 
Third, the capability to study binocu- 
lar responses adds another dimension 
to the evaluation of both ocular and 
cerebral disease. For example, stimu- 
lation of an eye affected by optic 
neuropathy should have less of a 
summating or inhibiting effect on the 
opposite eye. The VEP of patients 
with optic neuropathy, particularly of 
the demyelinative type, may be abnor- 
mally prolonged. The effects of this 
delay on binocular interaction has not 
been studied; results of such an inves- 
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tigation may be an electrical correlate 
to the Pulfrich phenomenon. 

Cerebral diseases may also alter the 
normal binocular interactions we have 
demonstrated. Patients with Hunt- 
ington’s disease have severe reduction 
amplitude of their FEP, but their 
offspring and patients with other 
diffuse cerebral processes may not.' 
Study of both groups for evidence of 
abnormal binocular interaction may 
yield a more reliable electrical corre- 
late of dementia. Childhood strabis- 
mic amblyopia entails not only mono- 
cular reduction of visual acuity but 
also abnormal binocular interaction. 
Alternatively, deprivation of binocu- 
lar vision in infancy by strabismus 
may also prevent development binocu- 
lar vision and stereopsis without caus- 
ing amblyopia. Measurement or early 
detection of such problems in pre- 
verbal children will require applica- 
tion of these or similar binocular test- 
ing methods. Detection of chiasmal 
visual field defects or peristriate 
hemianopia may also be aided by 
study of binocular interaction of 
evoked potentials. 

Most of the drawbacks to this meth- 
od are common to other methods of 
generating VEPs. On occasion, repro- 
ducible signals cannot be obtained in 
some normal subjects or patients, 
despite efforts to standardize atten- 
tion, fixation, electrode placement 
and impedance, and despite increase 
in the number of stimulus presenta- 
tions. Because the stimulus aperture 
subtends only 8° of arc, VEPs may not 
be elicited in patients with central 
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in Sanfilippo Syndrome, Type A 


Robert L. Kriel, MD; W. Allen Hauser, MD; Joo Ho Sung, MD; Zoltan Posalaky, MD 


e Waking and all-night-sleeping elec- 
troencephalographic recordings were ob- 
tained on a boy with Sanfilippo disease, 
type A. The most striking abnormalities 
were noted during sleep and included (1) 
lack of progression through normal sleep 
stages, (2) absence of vertex waves and 
normal sleep spindles, (3) inability to 
stage sleep by the usual criteria, and (4) 
an unusual alteration of low-amplitude (12 
to 15 Hz) activity with generalized delta 
frequencies. Subsequently, neuropatho- 
logical examination was performed. The 
electrophysiological phenomena may be 
correlated with severe cortical involve- 
ment. 

(Arch Neurol 35:838-843, 1978) 


n 1963, Sanfilippo and colleagues' 
described a group of eight pa- 
tients having severe and progressive 
intellectual retardation with somatic 
features resembling, but less promi- 
nent than, Hurler’s syndrome. The 
patients had increased urinary excre- 
tion of acid mucopolysaccharide 
(AMPS) consisting primarily of hep- 
aritin sulfate. Excessive accumulation 
and prolonged turnover time of AMPS 
was demonstrated in skin fibroblast 
cultures derived from patients with 
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the Sanfilippo syndrome. Cultured 
fibroblasts of Sanfilippo patients fell 
into at least two groups (types A and 
B) deficient in different factors, and 
hence demonstrated cross-correction 
in vitro? The corrective factor for 
Sanfilippo syndrome, type A has been 
established as heparin sulfate sulfa- 
tase.? 

Although these clinical and bio- 
chemical features of Sanfilippo syn- 
drome have been well described, the 
neuropathological and electrophysio- 
logical data have been studied in only 
a few cases. In this study, we report 
the neuropathology in another case of 
Sanfilippo syndrome, type A, and the 
abnormalities primarily of sleep pat- 
terns during EEG tracings. 


REPORT OF A CASE 


The patient, a boy, was born on Feb 4, 
1966, after an uneventful gestation and 
delivery, and weighed 3,100 g. The achieve- 
ment of milestones in his development was 
slow, with sitting at 8 months and walking 
at 16 months. The diagnosis was first made 
at 3 years of age at St Louis Children’s 
Hospital. At that time, clinicians noted 
"eoarse facial features," excessive facial 
hair, especially over the forehead, syno- 
phorous, and large external ears. The occip- 
ital frontal head circumference was above 
the 90th percentile. He had a high-arched, 
hard palate. There was no obvious cardiac 
anomaly. The liver was palpable 9 em below 
the right costal margin; however, the 
spleen was barely palpable. He showed no 
evidence of focal neurological deficit 
except for a mild to moderate hearing loss. 
Radiological abnormalities included a 
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Fig 4.—Loss of neurons and diffuse astrogliosis 
(Luxol fast blue- PAS, original magnification x 140). 
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sions of dendrites (Bielschowsky silver 


original magnification x 350). 





form cortex (PAS, original magnification 
x 350). 


Fig 2.—Ballooned neurons and a few scat- 
PAS-positive, coarse granules in prepyri- 
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Fig 3.—Distended perivascular space with reticulated connective 


tissue (Azocarmine, original magnification x 60). 
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thickened calvaria, wide humerus with 

cortical thinning, and broad ribs. There 
was excessive excretion of urinary 
mucopolysaccharides. Subsequent typing 
- of skin fibroblast cultures derived from the 
patient and his sister was reported as 
- Sanfilippo syndrome, type A. 

At 7 years of age the patient was first 
examined by us. The head circumference 
was enlarged, measuring 57 cm. He had not 
developed obvious corneal opacities. The 
liver was palpable 4 em below the right 
costal margin; the spleen was not palpable. 
He could walk without assistance and could 
feed himself. However, he had no apparent 
comprehension of spoken language and 
made only nonverbal utterances. His 
custodians remarked that he rarely slept. 
Because of generalized motor seizures, 
phenytoin had been prescribed. 

During the next two years his neurologi- 
cal status was stable. Because of behavior 
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Fig 6.—Cortical nerve cell with lamellar membranous cytoplasmic bodies (original magnification x 68,000). 


suggestive of psychomotor seizures that 
did not respond to phenytoin, the anticon- 
vulsant therapy was changed to phenobar- 
bital. He remained ambulatory at least 
with assistance until two months prior to 
his death. However, despite this long-term 
plateau in his clinieal course, there were 
marked, short-term fluctuations; at one 
point, he was so immobile that he devel- 
oped sacral decubiti. 

During the last ten months of life, 
several hospitalizations were necessary for 
recurring pneumonia. At 9 years of age, he 
was admitted for worsening of chronic 
pneumonia with increased respiratory rate 
and fever. Antibiotic therapy, postural 
drainage, and humidified O, were given. 
Six hours later, during pulmonary therapy, 
he had a respiratory arrest. Efforts at 
resuscitation were unsuccessful. An autop- 
sy was performed three hours after 


death. 
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|. RESULTS 
Laboratory Studies 


At 7 years of age there had been 
excessive exeretion of urinary AMPS, 
with the total excretion being 12.1 
mg/24 hr with an AMPS-creatinine 
ratio of 26.4. The mucopolysaccharides 
excreted were as follows: chondroitin 
sulfate B, 2.2 mg/24 hr; heparin 
sulfate, 5.6 mg/24 hr; the remaining 
4.3 mg being a mixture of chondroitin 
sulfates A and C. 


Neuropathological Findings 


Gross examination showed the 
brain to be considerably atrophic, and 
the lateral ventricles were mildly 
dilated at the expense of the white 
matter. The perivascular spaces in the 
white matter often were markedly 
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Fig 7.—Parenchymal cell of liver containing large, electron-lucent vacuoles (VAC) with occasional dense granules (arrow). 


Both nucleus (N) and cytoplasm show postmortem changes; er indicates endoplasmic reticlum (original magnification 


x 46,600). 


dilated, particularly in the parietal 
and occipital lobes. 

Histological examination demon- 
strated neuronal storage widespread 
throughout the central nervous sys- 
tem, but the degree varied from area 
to area. The affected neurons were 
ballooned due to the excessive accu- 
mulation of eosinophilic, PAS-positive 
fine storage granules in their perikar- 
yon. 

In the cerebral cortex, the pyrami- 
dal neurons of the third layer were 
almost invariably ballooned (Fig 1); 
their axons and dendrites often 
showed focal fusiform expansions 
with accumulation of similar PAS- 
positive granules. The neuronal 
change was less severe and frequent 
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in the remaining cortical layers. The 
neuronal storage was, in general, less 
severe in the occipital lobe than in the 
rest of the cerebral cortex. In the 
frontal and temporal lobes the af- 
fected neurons were occasionally lost, 
primarily in the third cortical layer, 
and a few activated microglia contain- 
ing PAS-positive granules were en- 
countered in the areas of neuronal 
loss, particularly the prepyriform cor- 
tex (Fig 2). In the hippocampus, the 
pyramidal cells were severely bal- 
looned except for those of H-1 
segment and dentate fascia. 

In the cerebral white matter, the 
perivascular spaces around many 
blood vessels were greatly distended 
and were filed with loose-meshed 


connective tissue (Fig 3). The white 
matter immediately around the dis- 
tended perivascular spaces was some- 
what compressed, but was otherwise 
unremarkable. 

In the corpus striatum and globus 
pallidus, the large neurons of the 
former and the neurons in the latter 
were markedly ballooned like those in 
the cerebral cortex. On the other hand, 
the small neurons in the corpus stria- 
tum and the neurons of the claustrum 
were little affected. The neurons of 
the sublenticular region and those of 
the amygdaloid nucleus were also 
severely ballooned. The affected neu- 
rons in the sublenticular region were 
occasionally in disintegration and the 
disintegrating neurons were sur- 


Sanfilippo Syndrome—Kriel et al 841 





Ane shy adi ÁN ‘ 
" Ay Lu 
* » e 
. 





rounded by a few microglia (neurono- 
phagia). 

The neurons in the hypothalamus 
and thalamus were universally bal- 
looned. In addition, there was a 
considerable loss of neurons accom- 
panied by a mild diffuse astrogliosis 
(Fig 4) in the anteromedial, dorsolat- 
eral, and centromedial nuclei of the 
thalamus. The neurons of the lateral 
genieulate body were preserved but 
diffusely ballooned, whereas there 
was a diffuse loss of neurons in the 
medial geniculate body. 

In the cerebellum, there was occa- 
sional loss of Purkinje cells accompa- 
nied by Bergmann’s astrocytosis, par- 
ticularly at the depths of the sulci. The 
remaining Purkinje cells occasionally 
showed ballooning of their perikarya, 
but their dendrites showed frequent 
focal expansions in the molecular 
layer (Fig 5). The expanded portions 
of the dendrites were often round, 
oval, or fusiform and were somewhat 
foamy. 

The neurons of the midbrain were 
invariably ballooned. The neurons of 
the substantia nigra were occasionally 
in disintegration and some of the 
disintegrating cells were in neurono- 
phagia. In the pons, the neurons of the 
loci cerulei, reticular formation, and 
seventh cranial nerve nuclei were 
severely ballooned, but the neurons of 
the pontine nuclei at the base were 
only mildly affected. In the medulla, 
the neurons of the hypoglossal and 
dorsal vagal nuclei were severely 
ballooned, but only occasional neurons 
in the reticular formation showed 


similar change. The neurons in the 
remaining nuclei were, however, little 
affected. The rostral segment of the 
cervical cord available for examina- 
tion showed marked ballooning of 
both the ventral and dorsal horn 
cells. 


Electron Microscopy 


At the time of autopsy, 2-mm-thick 
slices of the temporal cortex and the 
liver were fixed in 2.5% glutaralde- 
hyde buffered with 0.1M cacodylate 
(pH, 7.4). After postfixation with 1% 
osmium in 0.2M collidine buffer (pH, 
7.4), the tissue was dehydrated in 
ethanol and embedded in Epon. The 
ultrathin sections were stained with 
uranyl acetate and lead citrate and 
viewed on an electron microscope. 
Generally, the tissue showed marked 
deterioration of the ultrastructural 
detail that was largely postmortem 
autolytic change. However, cytoplas- 
mic inclusions in nerve cells were fair- 
ly well preserved. The cytoplasm was 
either partially or entirely filled with 
membrane-bound lamellar bodies sim- 
ilar to “zebra bodies” and well-defined 
or amorphous electron dense granules, 
probably lipofuscin (Fig 6). The cyto- 
plasm of hepatic cells showed large 
membrane-bound electronlucent vac- 
uoles (Fig 7). These vacuoles did not 
show an internal lamellar structure as 
was seen in the brain. 


Electroencephalographic Findings 


Waking EEG recordings demon- 
strated nonspecific abnormalities 
with a slight increase of theta slowing 
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Fig 8.—Spontaneous sleep EEG recording with monitoring of eye movements and 
submental electromyogram. There is periodic dropout of 12 to 15-Hz activity with 
accentuation of high-amplitude generalized delta activity. No muscle activity is noted. 


Intermittent eye movements persist. 
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for age. A methohexital activation 
procedure: performed at 7% years of 
age did not show any epileptiform 
activity. This recording did demon- 
strate an unusual, rhythmic, general- 
ized delta activity of 60 to 80 uV 
lasting four to eight seconds, alternat- 
ing with a diffuse, low-amplitude 
activity (20 to 30 LV) in the 12 to 15-Hz 
range lasting 10 to 20 seconds. (The 
patient was taking phenytoin, 50 mg 
three times a day, prior to these 
EEG's and had a serum level of 4 
ug/ml.) A nonsedated sleeping record- 
ing obtained several weeks later 
showed similar activity, thereby ex- 
cluding the possibility that the 10 to 
15-Hz activity represented unusual 
medication effect. No sleep spindles 
nor vertex activity was observed in 
any of these recordings. 

Because the usual phenomena asso- 
ciated with sleep were not observed 
during the previous EEGs, two all- 
night EEG recordings with monitor- 
ing of eye movements, electromyo- 
gram, and cardiac rate were done. A 
total of five hours of sleep was record- 
ed the first evening and two hours the 
second evening. The salient feature of 
these recordings was absence of any 
EEG activity associated with sleep in 
normal children. The onset of "sleep" 
was associated with a dropout of 
muscle activity and onset of rapid eye 
movement (REM) with low-amplitude 
but relatively diffuse 12 to 15-Hz 
activity (Fig 8). Within five minutes 
of the onset of sleep, high-amplitude, 
delta-range activity occurred, lasting 
four to ten seconds, interspersed with 
periods of faster frequencies. Respira- 
tory and cardiac rates appeared to be 
unchanged during these cycles. Eye 
movements and the dropout of elec- 


tromyographic activity ^ persisted 
throughout the sleeping period. 
COMMENT 


This ease of Sanfilippo syndrome, 
type A, correlates well the neurophys- 
iologic phenomena and neuropatho- 
logic alterations in this rare disease. 

Histological changes similar to 
those described in another case of 
Sanfilippo syndrome? were present in 
the brain of our patient and consisted 
of neuronal storage and connective 
tissue proliferation. There was also 
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patchy or occasional loss of neurons 
accompanied by microglial activation, 
particularly in the third cortical layer 
of the frontal and temporal lobes and 
in the sublentieular region and sub- 
stantia nigra. In addition, extensive 
loss of neurons was accompanied by 
marked gliosis in the thalamus. The 
neuronal loss may represent either 
cellular death secondary to severe 
neuronal storage and/or hypoxia re- 
sulting from respiratory impairment 
during the terminal phases of the 
patient's life. 

The storage material found in the 
brain and liver of this patient is simi- 
lar to that previously reported.^'^ 
Likewise, as in other cases, the mate- 
rial found in the neurons (Fig 6) is 
morphologically quite distinct from 
that found in the liver (Fig 7). Lamel- 
lar bodies are found in mucopolysac- 
charidoses*'" and in systemic lipi- 
doses." The presence of lamellar 
bodies in both groups of storage 
disease supports the assumption that 
there is lipid storage in the mucopol- 
ysaccharidoses.**:'* 

Previous reports of the electroen- 
cephalographic and regional neuropa- 
thologie alterations in Sanfilippo syn- 
drome were reviewed. An EEG ob- 
tained on a 2-year-old boy showed 
“paroxysmal bursts of 3/second high 
voltage activity."^ Detailed regional 
neuropathology was not reported 
when the patient died at 4 years of 
age; however, it was stated that the 
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entire cerebral cortex showed moder- 
ate loss of neurons, and those remain- 
ing had swollen, foamy cytoplasm. 
Other reports have not noted changes 
similar to those we have observed.” 1°14 
However, Harner and Torres? re- 
ported sleep EEG phenomena similar 
to those observed in our case in six of 
13 sedated sleep recordings of "Hurl- 
er's" syndrome; at least four of those 
with abnormal recordings excreted 
heparatin sulfate and so would now be 
considered as Sanfilippo syndrome. 
Hauser et al reported sleep abnor- 
malities in three cases of Sanfilippo 
syndrome, one of which is the present 
reported case. 

The waking scalp EEG of this 
patient showed only mild and nonspe- 
cific abnormalities. But the sleeping 
record was unique from several stand- 
points: (1) vertex waves and normal 
sleep spindles were not noted at any 
time; (2) sleep patterns were charac- 
terized by a diffuse 12 to 15-Hz activ- 
ity that cycled irregularly, but usually 
at ten to 20-second intervals with 
diffuse high-voltage slow activity; and 
(3) this pattern was accompanied by 
physiological phenomena associated 
with REM sleep, ie, electromyograph- 
ie dropout in submental musculature 
and rapid eye movements. The all- 
night sleep recordings disclosed a 
reduced total amount of sleep, two and 
five hours, respectively, on consecu- 
tive nights. The striking feature of 
these recordings was an unusual onset 
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these cats. The pathological changes 
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responsible for the insomnia and 
reduction of NREM sleep. However, 
extensive changes in cortical neurons 
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Meningeal Sarcoma of the Spinal Cord 


in a Newborn 


Frederick L. Zwartverwer, MD; Allen M. Kaplan, MD; Montgomery C. Hart, MD; 


Grant A. Hertel, MD; Joseph Spataro, MD 


e In a newborn infant, spinal rigidity 
and signs of cervical cord compression 
developed. Myelography suggested the 
presence of a spinal cord neoplasm, and 
pathologic studies confirmed the diagno- 
sis of a pleomorphic cellular sarcoma 
originating from the leptomeninges of the 
thoracic spinal cord. A review of neonatal 
spinal cord neoplasms disclosed a high 
incidence of developmental tumors in this 
age group and, therefore, the need for 
early diagnosis, since many of these 
tumors are amenable to radiation therapy 
and surgical removal. 

(Arch Neurol 35:844-846, 1978) 


T umors of the spinal cord are rare 
in the newborn, and they are 
usually developmental neoplasms. 
These congenital neoplasms are most 
commonly dermoids, teratomas, lipo- 
mas, and neurenteric cysts, although 
infrequent reports of neuroblastoma 
and primary glioma have been docu- 
mented. We report a case of a menin- 
geal sarcoma of the spinal cord in a 
12-day-old infant, and reviewed in- 
traspinal tumors in the neonatal peri- 


od. 


REPORT OF A CASE 


A 12-day-old girl was admitted to the 
hospital with a history of respiratory 
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distress and flaccid paralysis of the arms. 
She was born to a 3l-year-old woman, 
gravida 3, para 3, after an uncomplicated 
term pregnancy. During delivery and in 
the immediate neonatal period, the infant 
was normal. The birth weight was 3,260 g 
(7 lb 3 oz), and the Apgar scores were 8 and 
9 at one and five minutes, respectively. The 
baby was discharged after a two-day hospi- 
talization. 

Shortly after the discharge, the mother 
related that the infant ate poorly and 
exhibited distress when the neck was 
handled. On the sixth day, weakness of the 
right arm developed. This was followed two 
days later by weakness of the left arm and 
progressive respiratory distress. 

On admission to the hospital, the infant 
was obtunded, pale, and had gasping 
seesaw respirations. The pulse was 120 
beats per minute, and the temperature was 
normal. The fontanelle was flat. Chest 
examination disclosed mild substernal re- 
traction but normal auscultatory findings. 
Sinus tachycardia and a systolic ejection 
murmur were noted. The abdomen was soft 
without organomegaly or masses. The 
cranial nerves, including the optic fundi, 
were normal. Moro, tonic neck, and palmar 
grasp reflexes were absent, but plantar 
grasping was present. Cervical rigidity 
was noted. The arms were flaccid with 
absent muscle stretch reflexes, while the 
legs showed volitional movements and 
hyperreflexia with unsustained ankle clo- 
nus. The infant appeared to respond to 
painful stimulation throughout, and a 
sensory deficit could not be demon- 
strated. 

Results of routine laboratory studies 
were normal. Lumbar puncture yielded 
gelatinous xanthochromic CSF with a total 
protein content of 1,134 mg/dl. The CSF 


glucose concentration was 77 mg/dl, and 
there were 12,500 RBCs and 34 lympho- 
cytes per cubic millimeter. Initial chest 
roentgenograms were normal. Roentgeno- 
grams of the cervical spine showed no 
evidence of bony anomaly or erosion, but 
there appeared to be slight widening of the 
canal. Computerized tomography of the 
brain and cervical spinal cord (C-1 to C-6) 
showed no definite abnormalities. An elec- 
tromyogram (EMG) was normal, and motor 
conduction velocity of the right median 
nerve was 22.5 m/s. Lumbar myelography, 
with use of 2 ml of iophendylate injection, 





Fig 1.—Tumor mass originating from 
midthoracic portion of spinal cord and 
extending to level of cervical medullary 
junction (arrow). Tumor was purposely 
displaced downward to show compression 
and flattening of cervical cord. 
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showed a complete intradural block at 
T-6. 

The infant's respiratory status deterio- 
rated rapidly, and she required endotra- 
cheal intubation and assisted ventilation. 
Subsequent chest roentgenograms showed 
right upper lobe and left lingular infil- 
trates. Antibiotics were administered. 
Laminectomy disclosed a large, grayish- 
white intradural tumor extending from C-2 


Fig 2.—Growth of tumor along leptomeninges, with extramedul- 


to T-4 on the ventral aspect of the spinal 
cord. The tumor appeared to be extramed- 
ullary and became progressively more 
vascular in the cervical region, causing 
compression of the spinal cord. Frozen 
sections disclosed a highly undifferen- 
tiated tumor of indeterminate cell type. 
The dura was left open for decompression. 
Postoperatively, there was little improve- 
ment. The child did not breathe sponta- 
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neously, and the pulmonary infiltration 
worsened. She died after a 16-day hospital- 
ization. 


Autopsy Findings.—The autopsy was con- - 


fined to the brain and spinal cord. The 
brain weighed 380 g after fixation in 10% 
formaldehyde. The leptomeninges were 
moderately congested, but the cerebral 
hemispheres were symmetrical, with well- 
defined convolutional markings. The brain 
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Fig 3.—High-power view of neoplasm showing ill-defined cyto- 
plasm and pleomorphism (hematoxylin-eosin, original magnifica- 
tion x 400). 


lary compression of spinal cord (hematoxylin-eosin, original 
magnification x 100). 


Review of Neonatal Spinal Cord Tumors* 


Author/Date 
Virchow,’ 1857 
Ivanoff, 1903+ 
Hansmann,* 1926 


Ingraham and 
Bailey," 1946 


Age/Sex 
Stillborn /F 
Stillborn/NA 
1 day/F 
Newborn/M 


Bailey and Ingraham, Newborn /F 
19471 


1 mo/F 


Kahn and Lemmen," 
1950 


2 days/F 


Newborn /NA 


Schwartz," 1952 


Parkinson et al," Neonate/M 


1954 


Pickens et al,'* 1975 Neonate/F Cervicomedullary Teratoma Flaccid quadriplegia Died 
junction 


Harwood-Nash and 
Fitz,’ 1976 


Neonate/NA 


Neonate /NA 
Neonate/NA 
Neonate/NA 


Present case Newborn/F 


*NA indicates not available. 
TQuoted in Boldrey and Elvidge.* 
iQuoted in Rand and Rand.’ 
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Site 
Lumbosacral 
Entire cord 
Conus 
Cervicothoracic 


Cauda equina 


Sacral 


Sacral 


Thoracic 


Lumbar 


Thoracolumbar 


NA 


NA 
NA 
NA 


Cervicothoracic 


Type 
Dermoid 
Cholesteatoma 
Ependymal glioma 
Teratoma 


Teratoma 


Teratoma 
Teratoma 
Teratoma 


Teratoma 


Malignant glioma 


Neuroblastoma 


Neuroblastoma 
Teratoma 
Teratoma 


Sarcoma 


Neurologic 
Signs 


NA 

Anencephaly 

NA 

Quadriplegia spina bifida 
with overlying red, 
wrinkled skin 


Sinus tract 


NA 


Sacral mass 


Intrascapular mass 


Midlumbar mass with 
overlying skin defect 
and 
tuft of hair 

Paraplegia, sphincter 
abnormality 


NA 


See text for clinical 
findings 
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Treatment and 
Result 
Died 
Died 
Died 
Died 


Surgical removal 
with improvement 
Surgical removal 
with improvement 
Surgical removal 
with improvement 
Surgical removal 
with improvement 
Surgical removal 
with improvement 


Surgical removal 
with improvement 


NA 
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stem and cerebellum appeared grossly 
normal. Coronal sections of the brain 
disclosed normal findings throughout. 
There were no neoplastic implants. The 
spinal cord appeared normal in size and 
configuration in its caudal portion. From 
the midthoracic area to the foramen 
magnum, the cord was partly enveloped 
and compressed by a tumor mass measur- 
ing 5 em in length and 2.2 em in width (Fig 
1). The tumor was soft, grayish, focally 
necrotic, and was attached to the leptomen- 
inges at the thoracic level. 

Microscopically, the brain showed no 
noteworthy pathologic changes. Sections of 
the cervical and thoracic spinal cord 
showed the tumor to be confined to the 
leptomeninges and intradural space, with 
considerable compression and atrophy of 
the spinal cord (Fig 2) and prominent 
infiltrates about the nerve roots. The 
neoplastic cells showed moderate pleomor- 
phism, with cytoplasm that was ill-defined 
and in places almost syncytial (Fig 3). The 
nuclei were irregular, sometimes lobulated, 
with nucleoli. The nucleoplasm was pale 
and lightly basophilic. Mitotic figures were 
frequent, up to four per high-power field. 
In some areas, a distinct arrangement in 
perivascular pseudorosettes was found. 
Specific staining for neuroglia was nega- 
tive, and reticulin formation was scanty 
and focal The blood vessels were thin- 
walled and devoid of vascular endothelial 
proliferation. These characteristics were 
thought to be diagnostic of a sarcoma of 
polymorphic cell type. 


COMMENT 


Although intraspinal tumors in chil- 
dren are unusual, several reviews of 
the subject are available.'* Discussion 
of these neoplasms in the neonate, 
however, is limited. In a review of 15 


1. Matson DD: Primary intraspinal tumors, in 
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cases of intraspinal tumors presenting 
in the neonatal period (Table),^?'* 
developmental neoplasms and neuro- 
blastomas were the most common 
pathologie types, with primary neural 
tumors being especially unusual. The 
most common site of involvement was 
the lumbosacral spine. Morbidity and 
mortality figures are not well defined, 
but developmental neoplasms tend to 
have a more favorable prognosis. 
Sarcomas arising in the CNS are rare 
and are most frequently found in 
infants and children, with the more 
malignant and undifferentiated 
forms tending to occur in infants at 
an early age. At least four cases of 
primary spinal cord sarcomas present- 
ing in early childhood have been 
described, but, to our knowledge, 
this is the first case of meningeal 
sarcoma discovered in a newborn. It is 
accepted that these tumors originate 
from mesenchymal tissue elements 
and they most often arise from the 
meninges of the brain, but they may 
also originate from the meninges of 
the cord or within the brain sub- 
stance.’® 

Since there is no characteristic 
constellation of signs or symptoms 
suggesting spinal cord tumors in 
neonates, a high index of suspicion is 
essential to diagnosis. Because of 
their relative rarity and the subtlety 
of early signs, diagnosis is often 
delayed. Initial clinical symptoms are 
diverse but often relate to the location 
of the tumor. Symptoms include weak- 
ness; postural disturbances; back, 
neck, or extremity pain; and torticol- 
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lis. Commonly associated signs include 
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gest an underlying neoplastic pro- 
cess. 

Spinal roentgenographic abnormal- 
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abnormalities (scoliosis, loss of lumbar 
lordosis), (2) perispinal mass shadows, 
(3) dysrhaphisms, (4) local and general 
spinal cord enlargement seen on mye- 
lography, and (5) calcifications.* The 
older the infant, the more likely the 
spinal abnormality. A CSF examina- 
tion and contrast myelography are 
essential to diagnosis when symptoms 
suggest an intraspinal tumor. Com- 
puterized tomography was not helpful 
in our case but has become an impor- 
tant diagnostic tool.'* 

Although our case demonstrates a 
rare tumor type, the increased inci- 
dence of developmental neoplasms 
and decreased likelihood of gliomas in 
the neonatal period make early diag- 
nosis of intraspinal tumors impera- 
tive, as many are responsive to surgi- 
eal removal or radiation therapy. 
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pathie Parkinson's disease [Elizan] 257 (My) 

antibody response to, absence of increased 
response in amyotrophic lateral sclerosis and 
multiple sclerosis [Kascsak] 440 (Jy) 

Archives of Neurology 

1977 reviewers, 59 (Ja) 

publication of hypotheses (letter) [Gindin] 396 
(Je) 

Arterial Occlusive Diseases 

fibromuseular dysplasia [Paulson] 287 (My) 

moyamoya and Hageman factor (factor XII) 
deficiency in black adult (letter) [Dhopesh] 396 
(Je) 
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Arteritis 

cerebral, hemorrhagic complications of (letter) 
[Gilbert] 396, (reply) [Edwards] 397 (Je) 

giant cell, with normal sedimentation rate (let- 
ter) [Newman] 620 (Se) 

transient emboligenic aortoarteritis, new entity 
in young stroke patients [Wiekremasinghe] 416 
(Jy) 

Arteritis, Temporal see Temporal Arteritis 

Arthropod-Borne Viruses see Arboviruses 

Arylsulfatase A 

serum, monozygotic twins with presumed met- 
achromatic leukodystrophy, activity in pa- 
tients and family [Hashimoto] 689 (Oc) 

Astrocytoma 

right mesial frontal, speech arrest in dextral with 
[Caplan] 252 (Ap) 

Ataxia 

ataxic hemiparesis, pathologic study [Fisher] 126 
(Mr) 

dominant spinopontine atrophy, 2 additional 
members of family W [Pogacar] 156 (Mr) 

Ataxia, Cerebellar see Cerebellar Ataxia 

Ataxia Telangiectasia 

etiologic hypotheses [Teplitz] 553 (Se) 

Atlanto-Occipital Joint 

atlantoaxial malformation in 46,XY, 17q+ child 
[Todorov] 317 (My) 

ATP see Adenosine Triphosphate 

Atrophy 

dominant spinopontine, 2 additional members of 
family W [Pogacar] 156 (Mr) 

Attention 

neurological model for childhood autism [Dama- 
sio] 777 (De) ; 

Auditory Pathways 

auditory nerve and brain stem responses, 
comparison in awake and unconscious subjects 
[Sohmer] 228 (Ap) 

brain stem potentials in chronic alcohol intoxica- 
tion and alcohol withdrawal [Chu] 596 (Se) 

human brain, cytoarchitectonic left-right asym- 
metries in temporal speech region [Galaburda] 
812 (De) 

Auditory Perception 

computerized tomography and auditory-evoked 
potentials, diagnosis of olivopontocerebellar 
degeneration [Gilroy] 143 (Mr) 

Autism 

childhood, neurologieal model for [Damasio] 777 
(De) 

Autoimmune Diseases 

ataxia telangiectasia [Teplitz] 553 (Se) 

Automatism 

clonazepam in treatment of absence seizures 
with (letter) [Bachman] 773 (No) 

Axis 

atlantoaxial malformation in 46,XY, 17q+ child 
[Todorov] 317 (My) 

Axons 

dermatoleukodystrophy with neuroaxonal sphe- 
roids [Matsuyama] 329 (Je) 

disulfiram neuropathy [Moddel] 658 (Oc) 

regenerating, in rat spinal cord, Fink-Heimer/ 
Nauta demonstration of [Feringa] 522 (Au) 


Baclofen see Aminobutyric Acids 

Bechterew's Disease see Spondylitis, Ankylos- 
ing 

Behavior 

behavioral sequelae of closed head injury, quanti- 
tative study [Levin] 720 (No) 

neuropsychologic correlates of depth spike activi- 
ty in epileptic patients [Rausch] 699 (No) 

Benign Intracranial Hypertension see Pseudotu- 
mor Cerebri 

Berry Aneurysm see Cerebral Aneurysm 

Biography 

physician for all seasons, James Parkinson 1755- 
1824 [Yahr] 185 (Ap) 

Birth Defects see Abnormalities 


Blacks . 

moyamoya and Hageman factor (factor XII) 
deficiency in black adult (letter) [Dhopesh] 396 
(Je) 

Blepharoptosis 

inverse Marcus Gunn phenomenon, electromyo- 
graphic contribution [Lubkin] 249 (Ap) 

Blood 

antibodies against arboviruses in postencephalit- 
ic and idiopathie Parkinson's disease [Elizan] 
251 (My) 

Blood-Brain Barrier 

cerebral microembolization, morphological stud- 
ies [Schuier] 264 (My) 

Blood Circulation see Hyperemia 

Blood Pressure 

modulation of CSF production by alterations in 
cerebral perfusion pressure [Weiss] 527 (Au) 

Blood Pressure, High see Hypertension 

Blood Sedimentation 

giant cell arteritis with normal rate of (letter) 
[Newman] 620 (Se) 

normal in temporal arteritis (letter) [Weintraub] 
183 (Mr) 

Blood Transfusion 

precautions in familial transmissible dementia, 
including familial Alzheimer's disease [Cook] 
697 (No) 

Body Temperature see Fever 

Body Temperature Regulation 

thermolability in Wernicke’s encephalopathy 
[Lipton] 750 (No) 

BOOK REVIEWS 

Appenzeller O: Pathogenesis and Treatment of 
Headache, 551 (Au) 

Austin JH: Chase, Chance, and Creativity, 621 
(Se) 

Davison AN: Biochemical Correlates of Brain 
Structure and Function, 551 (Au) 

Drucker-Colin RR, MeGaugh JL, eds: Neurobiolo- 
gy of Sleep and Memory, 184 (Mr) 

Hering E: Theory of Binocular Vision, 184 (Mr) 

Popper KR, Eecles JC: The Self and Its Brain: 
Argument for Interactionism, 621 (Se) 

Ramsey RG: Computed Tomography of Brain, 
184 (Mr) 

Sautter H, Straub W, Rossmann H, eds: Atlas of 
Ocular Fundus, 551 (Au) 

Strub RL, Black FW: Mental Status Examination 
in Neurology, 254 (Ap) 

Walton JN: Brain's Diseases of Nervous System, 
ed 8, 254 (Ap) 

Botulism 

human, studied with single-fiber electromyogra- 
phy [Schiller] 346 (Je) 

Brachial Plexus 

latency, electrophysiological study of hemiplegia 
[Chokrovert y] 360 (Je) 

short-latency somatosensory evoked potentials 
[Kritchevsky] 706 (No) 

Brain 

active multiple sclerosis, enhanced computerized 
tomographic imaging effect of corticosteroids 
[Sears] 426 (Jy) 

bilingual [Ojemann] 409 (Jy) 

central latencies of somatosensory cerebral 
evoked potentials [Kimura] 683 (Oc) 

combined nuclear and supranuclear defects in 
ocular motility [Reagan] 133 (Mr) 

computerized axial tomography and cerebral 
scintigraphy in leukodystrophy, 2 boys presum- 
ably suffering from lysosomal disease [Wil- 
lemse] 603 (Se) 

controlled use of cranial computerized tomogra- 
phy [Freemon] 129 (Mr) 

cranial CT and multiple sclerosis, contrast- 
enhancing lesions (letter) [Aita] 183 (Mr) 

development of cerebrovascular architecture and 
its relationship to periventricular leukomalacia 
[Takashima] 11 (Ja) 

developmental dyslexia, evidence for subgroup 
with reversal of cerebral asymmetry [Hier] 90 
(Fe) 

dysmyelination revisited [Poser] 401 (Jy) 

human, cytoarchitectonic left-right asymmetries 
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Brain—Continued 
in temporal speech region [Galaburda] 812 
(De) 

leukoencephalopathy in oculocraniosomatie neu- 
romuscular disease with ragged-red fibers, 
mitochondrial abnormalities demonstrated by 
computerized tomography [Bertorini] 643 (Oc) 

megalencephaly in infants and children, possible 
role of increased dural sinus pressure [Portnoy] 
306 (My) 

methylphenidate in 6-hydroxydopamine-treated 
developing rat pups, effects on activity and 
maze performance [Shaywitz] 463 (Jy) 

parkinsonian and normal, comparison of protein- 
rich cytoplasmic bodies of substantia nigra and 
locus ceruleus in [Issidorides] 633 (Oc) 

presenile dementia with Lewy bodies and neuro- 
fibrillary tangles [Forno] 818 (De) 

psychological factors in face-hand test [N olan] 41 
(Ja) 

thymus in infants with perinatal telencephalic 
leukoencephalopathy [Leviton] 377 (Je) 

visual evoked spectrum array and interhemis- 
pheric variations [Celesia] 678 (Oc) 

Brain Abscess 

Allescheria (Petriellidium) boydii, in child with 
leukemia [Bell] 386 (Je) 

tuberculous, case report, 
[Whitener] 148 (Mr) 

Brain Diseases 

acute encephalopathy, streptococcal infection, 
and eryoglobulinemia [Hodson] 43 (Ja) 

cerebral malaria, disseminated vasculomyelinop- 
athy [Toro] 271 (My) 

changes in symptoms of neglect induced by 
changing task strategy [Heilman] 47 (J a) 

visuospatial judgment, clinical test [Benton] 364 
(Je) 

Brain Dysfunction, Minimal see Minimal Brain 
Dysfunction 

Brain Edema 

cerebral malaria, disseminated vasculomyelinop- 
athy [Toro] 271 (My) 

cerebral microembolization, morphological stud- 
ies [Schuier] 264 (My) 

effect of size, histologic elements, and water 
content on visualization of cerebral infarcts, 
computerized cranial tomographic study 
[Alcalá] 1 (Ja) 

intracranial pressure reserve testing [Wilkinson] 
study in experimental animals, 567 (Se); initial 
clinical observations, 661 (Oc) 

periventricular leukomalacia in adults, clinicopa- 
thological study [De Reuck] 517 (Au) 

Brain Neoplasms 

familial cavernous angiomas [Bicknell] 746 (No) 

intracerebral venous angioma, case report and 
review [Sarwar] 323 (My) 

intracranial neoplasms in infants [Farwell] 533 
(Au) 

intracranial pressure reserve testing [Wilkinson] 
661 (Oc) 

peripheral polyneuropathy association with pri- 
mary malignant lymphoma [Garofalo] 50 (Ja) 

remote neurological effects of primary malig- 
nant lymphoma (letter) [Finnelli] 397 (Je) 

speech arrest in dextral with right mesial frontal 
astrocytoma [Caplan] 252 (Ap) 

spinal intramedullary glioblastoma with intra- 
cranial seeding [Andrews] 244 (Ap) 

treatment for patients with cerebral metastases 
[Markesbery] 754 (No) 

Brain Stem 

auditory nerve and responses of, comparison in 
awake and unconscious subjects [Sohmer] 228 
(Ap) 

auditory, potentials in chronie alcohol intoxica- 
tion and alcohol withdrawal [Chu] 596 (Se) 

benign lateral medullary syndrome [Bernat] 112 
(Fe) 

hemifacial spasm, vascular cause [Maroon] 481 
(Au) 

intracranial neoplasms in infants [Farwell] 533 
(Au) 

normal and abnormal patterns of cerebrovascular 
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Brain Stem—Continued 
reserve tested by '"xenon inhalation [Meyer] 
350 (Je) 

St Louis encephalitis with particular involvement 
of [Kaplan] 45 (Ja) 

seizures of axial structures, presumptive evi- 
dence for origin in [Nathanson] 448 (Jy) 

Bromocriptine 

and Huntington's chorea (letter) [Frattola] 60 
(Ja) 

in parkinsonism, long-term study [Lees] 503 
(Au) 

Bungarotoxins 

binding of iodine 125 a-bungarotoxin to thymus 
of mice [Ohshima] 31 (Ja) 

Bwamba Group Viruses see Arboviruses 
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CALENDAR AND/OR NEWS 

62 (Ja), 119 (Fe), 181 (Mr), 255 (Ap), 326 (My), 398 
(Je), 479 (Jy), 552 (Au), 622 (Se), 695 (Oc), 775 
(No) 

Caloric Tests see Vestibular Function Tests 

Carbidopa 

bromocriptine in parkinsonism, long-term study 
[Lees] 503 (Au) 

paradoxical response to dopaminergic agents in 
parkinsonism [Weiner] 453 (Jy) 

treatment of parkinsonism with N-n-propy] 
norapomorphine and levodopa (with or with- 
out) [Papavasiliou] 787 (De) 

Carotid Arteries 

fibromuscular dysplasia [Paulson] 287 (My) 

Tolosa-Hunt syndrome, arteriographic evidence 
of improvement in carotid narrowing [Takeo- 
ka] 219 (Ap) 

Carotid Artery, Internal 

spontaneous dissecting aneurysm of (letter) 
[Aberfeld] 60 (Ja) 

Cauda Equina 

syndrome of ankylosing spondylitis, computer- 
ized tomography adjunct to early diagnosis in 
[Kramer] 116 (Fe) 

Caudate Nucleus 

familial cavernous angiomas [Bicknell] 746 (No) 

Cebocephalus 

associated with trisomy 13-15 mosaicism [Lorch] 
163 (Mr) 

Central Core Disease 

malignant hyperthermia and, in child with 
congenital dislocating hips, case, review [Eng] 
189 (Ap) 

Central Nervous System 

reincarnation in cultured muscle of mitochondrial 
abnormalities, 2 patients with epilepsy and 
lactic acidosis [Askanas] 801 (De) 

Central Nervous System Diseases 

progressive degenerative, possible interactions 
between rabies vaccination and (letter) [Brit- 
ton] 693 (Oc) 

Centrally Acting Muscle Relaxants see Muscle 
Relaxants, Central 

Cerebellar Ataxia 

acute, varicella and [Peters] 769 (No) 

familial juvenile neuronal storage disease, new 
disease or variant of juvenile lipidosis? [Itoya- 
ma] 792 (De) 

Marie's, cranial computerized tomography and 
[Aita] 55 (Ja) 

Cerebellar Neoplasms 

intracranial neoplasms in infants [Farwell] 533 
(Au) 

Cerebellum 

computerized tomography and auditory-evoked 
potentials, diagnosis of olivopontocerebellar 
degeneration [Gilroy] 143 (Mr) 

dominant spinopontine atrophy, 2 additional 
members of family W [Pogacar] 156 (Mr) 

Cerebral Aneurysm 

familial incidence of ruptured intracranial aneu- 
rysms, 12 cases [Acosta-Rua] 675 (Oc) 

hemifacial spasm due to aneurysmal compression 
of facial nerve [Maroon] 545 (Au) 

influence of head position on prognosis of exper- 


Cerebral Aneurysm— Continued 
imental subarachnoid hemorrhage [Hayakawa] 
206 (Ap) 

intracerebral arterial aneurysm in newborn [Lee] 
171 (Mr) 

Cerebral Angiography 

arachnoid cyst and associated subdural hemato- 
ma, observations on conventional roentgeno- 
graphic and computerized tomographic diagno- 
sis [LaCour] 84 (Fe) 

Tolosa-Hunt syndrome, arteriographic evidence 
of improvement in carotid narrowing [Takeo- 
ka] 219 (Ap) 

Cerebral Arteries 

crossed aphasia in Chinese bilingual dextral 
[April] 34:766 (De), correction, 35:251 (Ap) 

development of cerebrovascular architecture and 
its relationship to periventricular leukomalacia 
[Takashima] 11 (Ja) 

giant cell arteritis with normal sedimentation 
rate (letter) [Newman] 620 (Se) 

hemorrhagic complications of arteritis (letter) 
[Gilbert] 396, (reply) [Edwards] 397 (Je) 

isolated benign cerebral vasculitis [Snyder] 612 
(Se) 

Cerebral Cortex 

development of cerebrovascular architecture and 
its relationship to periventricular leukomalacia 
[Takashima] 11 (Ja) 

subcortical leukomalacia, relationship to develop- 
ment of cerebral sulcus and its vaseular supply 
[Takashima] 470 (Jy) 

Cerebral Dominance see Dominance, Cerebral 

Cerebral Embolism and Thrombosis 

cerebral microembolization, morphological stud- 
ies [Schuier] 264 (My) 

Cerebral Hemorrhage 

clinical and computerized tomographic study of 
hypertensive intracerebral hemorrhage [Wig- 
gins] 832 (De) 

complications of cerebral arteritis (letter) [Gil- 
bert] 396, (reply) [Edwards] 397 (Je) 

effect of size, histologic elements, and water 
content on visualization of cerebral infarcts, 
computerized cranial tomographic study 
[Alealá] 1 (Ja) 

fatal massive, complicating cerebral amyloid 
angiopathy [Mandybur] 246 (Ap) 

perinatal [Schoenberg] 34:570 (Se), correction, 
35:92 (Fe) 

prognostic factors in survival of 1,484 stroke 
cases observed for 30 to 48 months, diagnostic 
types and descriptive variables [Abu-Zeid] 121 
(Mr) 

Cerebral Ischemia, Transient 

cerebral microembolization, morphological stud- 
ies [Schuier] 264 (My) 

fibromuscular dysplasia [Paulson] 287 (My) 

Cerebral Peduncle see Mesencephalon 

Cerebral Sclerosis, Diffuse 

leukoencephalopathy in oculocraniosomatic neu- 
romuscular disease with ragged-red fibers, 
mitochondrial abnormalities demonstrated by 
computerized tomography [Bertorini] 643 (Oc) 

Cerebral Vasospasm see Cerebral Ischemia, 
Transient 

Cerebral Ventricles 

clinical and computerized tomographic study of 
hypertensive intracerebral hemorrhage [Wig- 
gins] 832 (De) 

development of cerebrovascular architecture and 
its relationship to periventricular leukomalacia 
[Takashima] 11 (Ja) 

megalencephaly in infants and children, possible 
role of increased dural sinus pressure [Portnoy] 
306 (My) 

periventrieular leukomalacia in adults, clinicopa- 
thological study [De Reuck] 517 (Au) 

ruptured intraventricular dermoid cyst without 
clinical inflammation (letter) [Hash] 61 (Ja) 

Cerebrospinal Fluid see also Blood-Brain Bar- 
rier 

amino acid concentrations in [Heiblim] 765 (No) 

antibodies against arboviruses in postencephalit- 
ic and idiopathie Parkinson's disease [Elizan] 
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Cerebrospinal Fluid—Continued 
257 (My) 

bilateral congenital subdural cysts associated 
with porencephaly and CSF-subdural fistula 
[Agamanolis] 370 (Je) 

GABA levels in at-risk individuals, Huntington's 
disease [Manyam] 728 (No) 

group B streptococcal meningitis associated with 
CSF fistula [Lentnek] 114 (Fe) 

modulation of production of, by alterations in 
cerebral perfusion pressure [Weiss] 527 (Au) 

Wilson's disease and monoamines (letter) [Lyck- 
lama à Nijeholt] 617 (Se) 

Cerebrospinal Fluid Proteins 

late adult-onset metachromatic leukodystrophy, 
dementia and polyneuropathy in 63-year-old 
man [Bosch] 475 (Jy) 

subacute demyelinating polyneuropathy re- 
sponding to corticosteroid treatment [Oh] 509 
(Au) 

Cerebrovascular Circulation 

cerebral malaria, disseminated vasculomyelinop- 
athy [Toro] 271 (My) 

cerebral microembolization, morphological stud- 

|. jes [Schuier] 264 (My) 

development of cerebrovascular architecture and 
its relationship to periventricular leukomalacia 
[Takashima] 11 (Ja) 

hemifacial spasm, vascular cause [Maroon] 481 
(Au) 

normal and abnormal patterns of reserve tested 
by "xenon inhalation [Meyer] 350 (Je) 

regional cerebral blood. flow and EEG in epilepsy 
[Sakai] 648 (Oc) 

regional cerebral blood flow in aphasia [Soh] 625 
(Oc) 

subcortical leukomalacia, relationship to develop- 
ment of cerebral sulcus and its vascular supply 
[Takashima] 470 (Jy) 

Cerebrovascular Disorders 

age, aphasia, and stroke localization (letter) 
[Carter] (replies) [Kertesz, Benson] 619 (Se) 

ataxic hemiparesis, pathologic study [Fisher] 126 
(Mr) 

changes in symptoms of neglect induced by 
changing task strategy [Heilman] 47 (Ja) 

elinical and anatomic findings in case of auditory 
agnosia [Oppenheimer] 712 (No) 

eombined nuclear and supranuclear defects in 
ocular motility [Reagan] 133 (Mr) 

delayed consequences of radiation to neck [Nar- 
delli] 538 (Au) 

fatal massive intracerebral hemorrhage compli- 

eating cerebral amyloid angiopathy [Mandy- 

bur] 246 (Ap) 

moyamoya and Hageman factor (factor XII) 
deficiency in black adult (letter) [Dhopesh] 396 
(Je) 

prognostie factors in survival of 1,484 stroke 
cases observed for 30 to 48 months [Abu-Zeid] 
I. diagnostic types and descriptive variables, 
121 (Mr), II. clinical variables and laboratory 
measurements, 213 (Ap) 

sensorimotor stroke and thalamocapsular ischem- 
ia (letter) [Lapresle] 549 (Au) 

transient emboligenic aortoarteritis, new entity 
in young stroke patients [Wickremasinghe] 416 
(Jy) 

Cerebrum see Brain 

Chickenpox 

varicella and acute cerebellar ataxia [Peters] 769 
(No) 

Child Behavior Disorders 

neurological model for childhood autism [Dama- 
sio] 777 (De) 

Child Psychology 

psychological factors in face-hand test [Nolan] 41 
(Ja) 

Chorea 

Sydenham’s, and seizures, clinical and electroen- 
cephalographie studies [Ch'ien] 382 (Je) 

Sydenham's, corticosteroids in [Green] 53 (Ja) 

Chorea, Hereditary see Huntington Chorea 

Circadian Rhythm 

thermolability in Wernicke’s encephalopathy 
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Circadian Rhythm—Continued 
[Lipton] 750 (No) 

Cisternography, Myelographic see Myelogra- 
phy 

Cisternography, Pneumoencephalographic see 
Pneumoencephalography 

Classification 

proposed, for familial and acquired paroxysmal 
dyskinesias with delineation of clinical fea- 
tures [Goodenough] 827 (De) 

Clonazepam 

in treatment of absence seizures with automa- 
tisms (letter) [Bachman] 773 (No) 

Clonopin see Clonazepam 

Coccidioidmycosis 

miconazole for fungal meningitis [Sung] 443 
(Jy) 

Cockayne’s Syndrome 

normal pressure hydrocephalus, recognition and 
relationship to neurological abnormalities in 
[Brumback] 337 (Je) 

Cognition Disorders 

behavioral sequelae of closed head injury, quanti- 
tative study [Levin] 720 (No) 

comparison of neuropsychological deficits asso- 
ciated with early and advanced Huntington's 
disease [Butters] 585 (Se) 

natural history of acute confusional migraine 
[Ehyai] 368 (Je) 

Cold 

pseudocaloric nystagmus [Becker] 93 (Fe) 

thermolability in Wernicke’s encephalopathy 
[Lipton] 750 (No) 

Coma 

after hyperextension head injury, intermittent 
see-saw eye movements in patient [Keane] 173 
(Mr) 

behavioral sequelae of closed head injury, quanti- 
tative study [Levin] 720 (No) 

clinieal and computerized tomographie study of 
hypertensive intracerebral hemorrhage [Wig- 
gins] 832 (De) 

periventricular leukomalacia in adults, clinico- 
pathological study [De Reuck] 517 (Au) 

prognostie factors in survival of 1,484 stroke 
cases observed for 30 to 48 months, clinical 
variables and laboratory measurements [Abu- 
Zeid] 213 (Ap) 

sedative-induced, occurrence of forced downward 
ocular deviation during oculovestibular testing 
in [Simon] 456 (Jy) 

Computerized X-Ray Scanning see Tomogra- 
phy, Computerized Axial 

Condiments 

Jamaica ginger paralysis, 47-year follow-up 
[Morgan] 530 (Au) 

Confusion see Cognition Disorders 

Congenital Defects see Abnormalities 

Consciousness see Unconsciousness 

Consciousness Disorders see Cognition Disor- 
ders 

Contracture 

syndrome of "continuous muscle fiber activity" 
[Lütschg] 198 (Ap) 

Contrast Media 

computed tomography complications (letter) [Im- 
bus] 620 (Se) 

Convulsions 

acute encephalopathy, streptococcal infection, 
and eryoglobulinemia [Hodson] 43 (Ja) 

amino acid concentrations in cerebrospinal fluid 
[Heiblim] 765 (No) 

clonazepam in treatment of absence seizures 
with automatisms (letter) [Bachman] 773 
(No) 

EEG patterns at time of focal seizure onset 
[Geiger] 276 (My) 

exacerbation of generalized nonconvulsive sei- 
zures with ethosuximide therapy [Todorov] 389 
(Je) 

familial juvenile neuronal storage disease, new 
disease or variant of juvenile lipidosis? [Itoya- 
ma] 792 (De) 

febrile seizures and later intellectual perform- 
ance [Ellenberg] 17 (Ja) 
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Convulsions— Continued 

neonatal paroxysmal monorhythmic alpha activi- 
ty [Knauss] 104 (Fe) 

seizures of axial structures, presumptive evi- 
dence for brain stem origin [Nathanson] 448 
(Jy) 

speech arrest in dextral with right mesial frontal 
dstrocytoma [Caplan] 252 (Ap) 

Sydenham's chorea and seizures, clinical and 
electroencephalographie studies [Ch'ien] 382 
(Je) 

Convulsions, Febrile see Convulsions 

Copyright 

new requirement for authors, 49 (Ja) 

Coronary Artery Bypass see Aortocoronary 
Bypass 

Coronary Disease see Aortocoronary Bypass 

Corpora Amylacea 

of lumbar spinal cord and peripheral nervous 
system [Averback] 95 (Fe) 

Corpus Callosum 

block design performance following callosal 
sectioning, observations on functional recovery 
[LeDoux] 506 (Au) 

Corticoids see Adrenal Cortex Hormones 

Corticosteroids see Adrenal Cortex Hormones 

Corticotropin 

approved for use in multiple sclerosis, more on, 
328 (My), 400 (Je) 

Cranial Fossa, Posterior see Skull 

Cranial Sinuses 

megalencephaly in infants and children, possible 
role of increased dural sinus pressure [Portnoy | 
306 (My) 

Craniofacial Dysostosis 

cebocephalus associated with trisomy 
mosaicism [Lorch] 163 (Mr) 

Cranium see Skull 

Creatine Kinase 

muscle fiber-type disproportion, report of family 
with symptomatic and asymptomatic members 
[Eisler] 823 (De) 

Creatine Phosphokinase see Creatine Kinase 

Creutzfeldt-Jakob Disease 

precautions in familial transmissible dementia 
[Cook] 697 (No) 

Crouzon’s Disease see Craniofacial Dysosto- 
sis 

Cryoglobulins 

acute encephalopathy, streptococcal infection, 
and eryoglobulinemia [Hodson] 43 (Ja) 

Cryptococcosis 

cryptococcal meningitis, cure despite eryptococ- 
cemia [Roberts] 179 (Mr) 

miconazole for fungal meningitis [Sung] 443 
(Jy) 

Cyclophosphamide 

Fink-Heimer/Nauta demonstration of regener- 
ating axons in rat spinal cord [Feringa] 522 
(Au) 

Cysticercosis 

spinal [Firemark] 250 (Ap) 

Cysts 

anterior cervical arachnoid, simulating syringo- 
myelia, case with preceding posterior arach- 
noid cysts [Herskowitz] 57 (Ja) 

arachnoid, and associated subdural hematoma, 
observations on conventional roentgenograph- 
ic and computerized tomographie diagnosis 
[LaCour] 84 (Fe) 

bilateral congenital subdural, associated with 
porencephaly and CSF-subdural fistula [Aga- 
manolis] 370 (Je) 

Cytoplasmic Granules 

protein-rich, of substantia nigra and locus ceru- 
leus, parkinsonian and normal brain compared 
[Issidorides] 633 (Oc) 
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Dandy-Walker Syndrome 
adult onset of [Lipton] 672 (Oc) 
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Dantrium see Dantrolene Sodium 

Dantrolene Sodium 

reversible effect on twitch tension of rat skeletal 
muscle [Kotsias] 234 (Ap) 

Dawson’s Inclusion Encephalitis see Subacute 
Sclerosing Panencephalitis 

Deformities see Abnormalities 

Dementia 

normal and abnormal patterns of cerebrovascular 
reserve tested by '"xenon inhalation [Meyer] 
350 (Je) 

Dementia, Presenile 

late adult-onset metachromatic leukodystrophy 
with [Bosch] 475 (Jy) 

precautions in familial transmissible dementia, 
including familial Alzheimer’s disease [Cook] 
697 (No) 

with Lewy bodies and neurofibrillary tangles 
[Forno] 818 (De) 

Demyelination 

active multiple sclerosis, enhanced computerized 
tomographic imaging effect of corticosteroids 
[Sears] 426 (Jy) 

acute multiple sclerosis with contrast-enhancing 
plaques [Lebow] 435 (Jy) 

cerebral malaria, disseminated vasculomyelinop- 
athy [Toro] 271 (My) 

cranial CT and multiple sclerosis, contrast- 
enhancing lesions (letter) [Aita] 183 (Mr) 

periventricular leukomalacia in adults, clinicopa- 
thological study [De Reuck] 517 (Au) 

subacute demyelinating polyneuropathy  re- 
sponding to corticosteroid treatment [Oh] 509 
(Au) 

Dermatomyositis 

elevations of hemopexin levels in [Adornato] 577 
(Se) 

Dermoid Cyst 

ruptured intraventricular, without clinical in- 
flammation (letter) [Hash] 61 (Ja) 

Dexamethasone 

cerebral malaria, disseminated vasculomyelinop- 
athy [Toro] 271 (My) 

intracranial pressure reserve testing [Wilkinson] 
661 (Oc) 

Dexamethasone Isonicotinate see Dexametha- 
sone 

Diamox see Acetazolamide 

Disulfiram 

neuropathy from [Moddel] 658 (Oc) 

Dominance, Cerebral see also Laterality 

bilingual brain [Ojemann] 409 (Jy) 

block design performance following callosal 
sectioning, observations on functional recovery 
[LeDoux] 506 (Au) 

human brain, cytoarchitectonie left-right asym- 
metries in temporal speech region [Galaburda] 
812 (De) 

L-Dopa see Levodopa 

Dopamine 

paradoxical response to dopaminergic agents in 
parkinsonism [Weiner] 453 (Jy) 

Dopamine Receptors see Receptors, Dopa- 
mine 

Douching see Irrigation 

Drug Abuse 

forced downward ocular deviation, occurrence 
during oculovestibular testing in sedative- 
induced coma [Simon] 456 (Jy) 

Jamaica ginger paralysis, 4T-year follow-up 
[Morgan] 530 (Au) 

Drug Antagonism see Narcotic Antagonists 

Dura Mater 

tuberculous epidural abscess without osteomyeli- 
tis (letter) [Berger] 397 (Je) 

Dwarfism 

normal pressure hydrocephalus, recognition and 
relationship to neurological abnormalities in 
Cockayne's syndrome [Brumback] 337 (Je) 

` Dyskinesia see Movement Disorders 

Dyskinesia, Drug-Induced 

levodopa-induced, onset and end-of-dose, possible 
treatment by increasing daily doses of levodo- 
pa [Lhermitte] 261 (My) 

modifieation by dyskinesia and spasmodic torti- 
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Dyskinesia, Drug-Induced— Continued 
collis by apomorphine, possible role of dopa- 
mine autoreceptors [Tolosa] 459 (Jy) 

Dyskinesia, Tardive see Dyskinesia, Drug- 
Induced 

Dyslexia 

developmental, evidence for subgroup with 
reversal of cerebral asymmetry [Hier] 90 (Fe) 

Dysostosis, Craniofacial see Craniofacial Dys- 
ostosis 

Dystrophia Myotonica see Myotonia Atrophica 


Edema see Brain Edema; Papilledema 

Educational Status 

sex and handedness differences in well-educated 
adults' self-descriptions of left-right confusa- 
bility (letter) [Harris] 773 (No) 

Effort see Exertion 

Electric Stimulation 

central latencies of somatosensory cerebral 
evoked potentials [Kimura] 683 (Oc) 

electrical correlates of normal binocular vision 
[Ellenberger] 834 (De) 

short-lateney somatosensory evoked potentials 
[Kritchevsky] 706 (No) 

visual evoked spectrum array and interhemis- 
pheric variations [Celesia] 678 (Oc) 

Electroencephalography 

neuroanatomical and EEG correlations in Sanfi- 
lippo syndrome, type A [Kriel] 838 (De) 

neuropsychologic correlates of depth spike activi- 
ty in epileptic patients [Rausch] 699 (No) 

patterns at time of focal seizure onset [Geiger] 
216 (My) 

regional cerebral blood flow and, in epilepsy 
[Sakai] 648 (Oc) 

seizures of axial structures, presumptive evi- 
dence for brain stem origin [Nathanson] 448 
(Jy) 

study of Sydenham's chorea and seizures [Ch'ien] 
382 (Je) 

visual evoked spectrum array and interhemis- 
pheric variations [Celesia] 678 (Oc) 

Electroencephalography, Alpha Rhythm see 
Alpha Rhythm 

Electromyography 

cervical spondylotic myelopathy (letter) [Kaplan] 
(reply) [Kasdon] 772 (No) 

electrophysiological study of hemiplegia [Cho- 
kroverty] 360 (Je) 

inverse Marcus Gunn phenomenon [Lubkin] 249 
(Ap) 

single-fiber, human botulism studied with [Schil- 
ler] 346 (Je) 

syndrome of "continuous muscle fiber activity" 
[Lütschg] 198 (Ap) 

Electron Microscopy see Microscopy, Electron 

Electrophysiology 

Fink-Heimer/Nauta demonstration of regener- 
ating axons in rat spinal cord [Feringa] 522 
(Au) 

Embolism 

failure of downward gaze, site and nature of 
lesion [Halmagyi] 22 (Ja) 

Embryology 

ataxia telangiectasia [Teplitz] 553 (Se) 

Emotions 

behavioral sequelae of closed head in jury, quanti- 
tative study [Levin] 720 (No) 

Encephalitis 

antibodies against arboviruses in postencephalit- 
ie and idiopathic Parkinson's disease [Elizan] 
257 (My) 

Encephalitis, Post-Vaccinal 

possible interactions between rabies vaccination 
and progressive degenerative CNS disease (let- 
ter) [Britton] 693 (Oc) 

recurrent disseminated 
[Poser] 166 (Mr) 

Encephalitis, St Louis 

with particular involvement of brain stem 
[Kaplan] 45 (Ja) 


vasculomyelinopathy 


Encephalomalacia 

neonatal paroxysmal monorhythmic alpha activi- 
ty [Knauss] 104 (Fe) 

Encephalomyelitis 

possible interactions between rabies vaccination 
and progressive degenerative CNS disease (let- 
ter) [Britton] 693 (Oc) 

Ependymoma 

intracranial neoplasms in infants [Farwell] 533 
(Au) 

Epilepsy 

exacerbation of generalized nonconvulsive sei- 
aires with ethosuximide therapy [Todorov] 389 
(Je) 

familial and acquired paroxysmal dyskinesias, 
proposed classification with delineation of clin- 
ical features [Goodenough] 827 (De) 

neuropsychologic correlates of depth spike activi- 
ty in [Rausch] 699 (No) s 

normal and abnormal patterns of cerebrovascular 
reserve tested by xenon inhalation [Meyer] 
350 (Je) 

plan for nationwide action announced, 120 (Fe) 

regional cerebral blood flow and EEG in [Sakai] 
648 (Oc) 

reincarnation in cultured muscle of mitochondrial 
abnormalities, 2 patients with lactic acidosis 
and [Askanas] 801 (De) 

special permission to use valproate sodium in, 120 
(Fe) 

Epilepsy, Focal 

EEG patterns at time of focal seizure onset 
[Geiger] 276 (My) 

Epilepsy Myoclonus 

corpora amylacea of lumbar spinal cord and 
peripheral nervous system [Averback] 95 (Fe) 

Epilepsy, Partial see Epilepsy, Focal 

Epilepsy, Petit Mal 

valproic acid approved for, 479 (Jy) 

Epiphysis Cerebri see Pineal Body 

Erythrocyte Sedimentation see Blood Sedimen- 
tation 

Erythrocytes 

membrane studies in familial hypokalemic peri- 
odie paralysis [Buruma] 615 (Se) 

metabolism in muscular dystrophy [Danon] 592 
(Se) 

Ethenoadenosine Triphosphate see Adenosine 
Triphosphate 

Ethosuximide 

exacerbation of generalized nonconvulsive sei- 
zures with therapy using [Todorov] 389 (Je) 

Evoked Potentials 

auditory brain stem, in chronic alcohol intoxica- 
tion and aleohol withdrawal [Chu] 596 (Se) 

auditory, computerized tomography and, diagno- 
sis of olivopontocerebellar degeneration [Gil- 
roy] 143 (Mr) 

electrical correlates of normal binocular vision 
[Ellenberger] 834 (De) 

pattern shift visual evoked responses, 200 
patients with optie neuritis and/or multiple 
sclerosis [Shahrokhi] 65 (Fe) 

short-latency somatosensory [Kritchevsky] 706 
(No) 

somatosensory cerebral, central latencies of 
[Kimura] 683 (Oc) 

visual evoked spectrum array and interhemis- 
pherie variations [Celesia] 678 (Oc) 

Exercise, Isometric see Exertion 

Exercise, Physical see Exertion 

Exertion 

benign lateral medullary syndrome [Bernat] 112 
(Fe) 

Extremities 

polyneuropathy and folate deficiency [Botez] 581 
(Se) 

transient monoparesis in acute intermittent 
porphyria (letter) [Poser] 550 (Au) 

Eye 


axial myopia, neglected cause of proptosis [Osh- 


er] 237 (Ap) 

leukoencephalopathy in oculocraniosomatic neu- 
romuscular disease with. ragged-red fibers, 
mitochondrial abnormalities demonstrated by 
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Eye—Continued 
computerized tomography [Bertorini] 643 (Oc) 

Eye Manifestations 

St Louis encephalitis with particular involvement 
of brain stem [Kaplan] 45 (Ja) 

Eye Movements see also Nystagmus 

combined nuclear and supranuclear defects in 
ocular motility [Reagan] 133 (Mr) 

forced downward ocular deviation, occurrence 
during oculovestibular testing in sedative- 
induced coma [Simon] 456 (Jy) 

glissadie overshoots are due to pulse width errors 
[Bahill] 138 (Mr) 

intermittent see-saw, patient in coma after 
hyperextension head injury [Keane] 173 (Mr) 

internuclear ophthalmoplegia [Baloh] I. saccades 
and dissociated nystagmus, 484; II. pursuit, 
optokinetic nystagmus, and vestibulo-ocular 
reflex, 490 (Au) 

prenuclear paresis of homolateral inferior rectus 
and contralateral superior oblique eye muscles 
[Meienberg] 231 (Ap) 

slow saccades in Friedreich's ataxia (letter) 
[Pirozzolo] 618 (Se) 

Eyelids 

inverse Marcus Gunn phenomenon, electromyo- 
graphic contribution [Lubkin] 249 (Ap) 


F 


Fabry’s Disease see Angiokeratoma Corporis 
Diffusum 

Face 

hemifacial spasm, vascular cause [Maroon] 481 
(Au) 

psychological factors in face-hand test [Nolan] 41 
(Ja) 

Facial Nerve 

hemifacial spasm due to aneurysmal compression 
of [Maroon] 545 (Au) 

hemifacial spasm, vascular cause [Maroon] 481 
(Au) 

Factor XII Deficiency 

moyamoya and Hageman factor (factor XII) 
deficiency in black adult (letter) [Dhopesh] 396 
(Je) 

Fetal Diseases see Abnormalities 

Fever 

amino acid concentrations in cerebrospinal fluid 
[Heiblim] 765 (No) 

febrile seizures and later intellectual perform- 
ance [Ellenberg] 17 (Ja) 

Fever Blister Virus see Herpesvirus hominis 

Fibers 

muscle fiber-type disproportion, report of family 
with symptomatic and asymptomatic members 
[Eisler] 823 (De) 

Fibromuscular Dysplasia see Arterial Occlusive 
Diseases 

Filum Terminale see Cauda Equina 

Fistula 

CSF, group B streptococcal meningitis associated 
with [Lentnek] 114 (Fe) 

CSF-subdural, bilateral congenital subdural cysts 
associated with porencephaly and [Agamanol- 
is] 370 (Je) 

Flaviviruses see Arboviruses 

Fluid Balance see Water-Electrolyte Balance 

Fluorescence Angiography 

anterior segment study of abnormal iris vascula- 
ture in myotonic dystrophy [Stern] 224 (Ap) 

Folic Acid Deficiency 

polyneuropathy and [Botez] 581 (Se) 

Follow-Up Studies 

Jamaica ginger paralysis, 47-year follow-up 
[Morgan] 530 (Au) 

Friedreich's Ataxia 

slow saccades in (letter) [Pirozzolo] 618 (Se) 

Fundus Fluorescence Photography see Fluores- 
cence Angiography 


G 
GABA see Aminobutyric Acids 


General Paralysis see Paresis 
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Genetics, Human see also Hereditary Diseases 

ataxia telangiectasia [Teplitz] 553 (Se) 

clinical syndromes of myasthenia in infancy and 
childhood, review [Fenichel] 97 (Fe) 

common origin of rods, cores, miniature cores, 
and focal loss of cross-striations [Bethlem] 555 
(Se) 

familial and acquired paroxysmal dyskinesias, 
proposed classification with delineation of clin- 
ical features [Goodenough] 827 (De) 

familial cavernous angiomas [Bicknell] 746 (No) 

familial incidence of ruptured intracranial aneu- 
rysms, 12 cases [Acosta-Rua] 675 (Oc) 

familial juvenile neuronal storage disease, new 
disease or variant of juvenile lipidosis? [Itoya- 
ma] 792 (De) 

familial occurrence of meralgia paraesthetica 
(letter) [Massey] 182 (Mr) 

muscle fiber-type disproportion, report of family 
with symptomatic and asymptomatic members 
[Eisler] 823 (De) 

Giant Cell Arteritis see Temporal Arteritis 

Ginger see Condiments 

Glioblastoma 

spinal intramedullary, with intracranial seeding 
[Andrews] 244 (Ap) 

Glioma 

malignant optic, in adults [Harper] 731 (No) 

Gliosis 

cerebral malaria, disseminated vasculomyelinop- 
athy [Toro] 271 (My) 

Glomerulonephritis 

acute poststreptococcal, subarachnoid hemor- 
rhage complicating [Debeukelaer] 473 (Jy) 

Glucose 

intolerance, relation of peripheral neuropathy in 
myotonic dystrophy to [Olson] 741 (No) 

Glucose Tolerance Test 

acetazolamide in treatment of pyruvate dysme- 
tabolism syndromes [Evans] 302 (My), correc- 
tion, 800 (De) 

Glucosidases see Acid Maltase 

Glycogenosis 

selective vacuolar myopathy with atrophy of type 
II fibers, childhood case of acid maltase defi- 
ciency [Horoupian] 175 (Mr) 

Guanine Nucleotides see Guanosine Mono- 
phosphate, Cyclic 

Guanosine Monophosphate, Cyclic 

decreased spinal cord, in murine (wobbler) spon- 
taneous lower motor neuron degeneration 
[Brooks] 590 (Se) 

Guillain-Barré Syndrome see Polyradiculitis 


H 


Hageman Trait see Factor XII Deficiency 

Hand 

psychological factors in face-hand test [Nolan] 41 
(Ja) 

Handedness see Laterality 

Head 

position, influence on prognosis of experimental 
subarachnoid hemorrhage [Hayakawa] 206 
(Ap) 

Head Injuries ; 

atlantoaxial malformation in 46,XY, 17q + child 
[Todorov] 317 (My) 

behavioral sequelae of closed head injury, quanti- 
tative study [Levin] 720 (No) 

hyperextension, intermittent see-saw eye move- 
ments, patient in coma after [Keane] 173 
(Mr) 

Health Manpower 

assessed, notes from NINCDS, 63 (Ja) 

Hearing see Auditory Perception 

Heart Enlargement 

prognostic factors in survival of 1,484 stroke 
cases observed for 30 to 48 months, clinical 
variables and laboratory measurements [Abu- 
Zeid] 213 (Ap) 

Heat 

thermolability in Wernicke's encephaiopathy 
[Lipton] 750 (No) 


Hemangioma | 

intracerebral venous angioma, case report and 
review [Sarwar] 323 (My) 

Hemangioma, Cavernous 

familial [Bicknell] 746 (No) 

Hemato-Encephalic Barrier see Blood-Brain 
Barrier 

Hematoma 

intracranial pressure reserve testing [Wilkinson] 
661 (Oc) 

Hematoma, Epidural 

spinal, due to heparin (letter) [Bamford] 693 
(Oc) 

Hematoma, Subdural 

associated with arachnoid cyst, observations on 
conventional roentgenographic and computer- 
ized tomographic diagnosis [LaCour] 84 (Fe) 

posterior fossa, in neonates [Blank] 108 (Fe) 

Hemianopsia 

visual evoked spectrum array and interhemis- 
pherie variations [Celesia] 678 (Oc) 

Hemiparesis see Hemiplegia 

Hemiplegia 

ataxic hemiparesis, pathologie study [Fisher] 126 
(Mr) 

changes in symptoms of neglect induced by 
changing task strategy [Heilman] 47 (Ja) 

electrophysiological study of, motor nerve con- 
duction velocity, brachial plexus latency, and 
electromyography [Chokroverty] 360 (Je) 

infantile, recurrent disseminated vasculomyeli- 
nopathy [Poser] 166 (Mr) 

Hemopexin 

levels, elevations in neuromuscular disease 
[Adornato] 577 (Se) 

serum, depletion in fulminant rhabdomyolysis, 
evidence for interaction of hemopexin with 
myoglobin-derived heme [Adornato] 547 (Au) 

Hemorrhage, Cerebral see Cerebral Hemor- 
rhage 

Hemorrhage, Subarachnoid see Subarachnoid 
Hemorrhage 

Heparin 

spinal epidural hematoma due to (letter) [Bam- 
ford] 693 (Oc) 

Hepatitis B 

should traditional hatpin be discarded? (letter) 
[Ajax] 549 (Au) 

Hepatitis, Homologous Serum see Hepatitis B 

Hepatolenticular Degeneration 

Wilson’s disease and monoamines (letter) [Lyck- 
lama à Nijeholt] 617 (Se) 

Hereditary Diseases 

dominant spinopontine atrophy, 2 additional 
members of family W [Pogacar] 156 (Mr) 

investigations on inheritance of nemaline myop- 
athy [Arts] 72 (Fe) 

precautions in familial transmissible dementia, 
including familial Alzheimer's disease [Cook] 
697 (No) . 

Hereditary Spinal Sclerosis see Friedreich's 
Ataxia j 

Herpes Labialis Virus see Herpesvirus Homin- 
is 

Herpes Simplex Virus see Herpesvirus Homin- 
is 

Herpesvirus Hominis 

herpes simplex virus subunit antibodies in 
Parkinson's disease [Marttila] 668 (Oc) 

Hexadecadrol see Dexamethasone 

Hip Dislocation, Congenital 

malignant hyperthermia and central core disease 
in child with, case, review [Eng] 189 (Ap) 

Hip Dysplasia, Congenital see Hip Dislocation, 
Congenital 

Hippocampus 

hippocampal-fornix-mammillary ^ circuit and 
memory (letter) [McEntee] (reply) [Ziegler] 618 
(Se) 

Hisaoka, K. Kenneth (1924-1978) 

obituary, 696 (Oc) 

Histocytochemistry 

simultaneous determination of skeletal muscle 
fiber, types I, IIA, and IIB by histochemistry 
(Tunell] 34:171 (Mr), correction, 35:103 (Fe) 
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Histoplasmosis 
miconazole for fungal meningitis [Sung] 443 
(Jy) . 
History of Medicine 
physician for all seasons, James Parkinson 1755- 
1824 [Yahr] 185 (Ap) 
Homovanillic Acid 
Wilson’s disease and monoamines (letter) [Lyck- 
lama à Nijeholt] 617 (Se) 
Huntington Chorea 
apomorphine-induced improvement in, stimula- 
tion of dopamine receptor [Corsini] 27 (Ja) 
bromocriptine and (letter) [Frattola] 60 (Ja) 
cerebrospinal fluid GABA levels in at-risk indi- 
viduals [Manyam] 728 (No) 
commission report, 181 (Mr) 
early and advanced, comparison of neuropsycho- 
logical deficits associated with [Butters] 585 
(Se) 
effect of opiate antagonist on movement disor- 
ders [Nutt] 810 (De) 
Hyaline Membrane Disease see Respiratory 
Distress Syndrome 
Hydrocephalus 
adult onset of Dandy-Walker syndrome [Lipton] 
672 (Oc) 
external, early finding in congenital communi- 
cating hydrocephalus [Robertson] 541 (Au) 
megalencephaly in infants and children, possible 
role of increased dural sinus pressure [Portnoy] 
306 (My) 
normal pressure, recognition and relationship to 
neurological abnormalities in Cockayne’s syn- 
drome [Brumback] 337 (Je) 
posterior fossa subdural hematomas in neonates 
[Blank] 108 (Fe) 
presenile dementia with Lewy bodies and neuro- 
fibrillary tangles [Forno] 818 (De) 
Hydroxydopamine 
developing rat pups treated with, methylpheni- 
date in, effects on activity and maze perform- 
ance [Shaywitz] 463 (Jy) 
Hydroxyindoleacetic Acid 
Wilson’s disease and monoamines (letter) [Lyck- 
lama à Nijeholt] 617 (Se) 
Hyperemia 
cerebral microembolization, morphological stud- 
ies [Schuier] 264 (My) 
Hypersomnia see Sleep Disorders 
Hypertelorism see Craniofacial Dysostosis 
Hypertension 
hypersomnia-sleep apnea due to micrognathia, 
reversal by tracheoplasty [Weitzman] 392 (Je) 
Hyperthermia see Fever 
Hypnotics and Sedatives 
forced downward ocular deviation, occurrence 
during oculovestibular testing in sedative- 
induced coma [Simon] 456 (J y) 
Hypokalemia 
acute hypokalemic myopathy in alcoholism (let- 
ter) [Rivera] 619 (Se) 
erythrocyte membrane studies in familial hypo- 
kalemie periodic paralysis [Buruma] 615 (Se) 
Hypopotassemia see Hypokalemia 
Hypsarrhythmia see Spasms, Infantile 


I 
IgM 


polyneuropathy in Waldenstróm's macroglobuli- 
nemia, deposition of M component on myelin 
sheaths [Julien] 423 (Jy) 

Inborn Errors of Metabolism see Metabolism, 
Inborn Errors 

Infant 

intracranial neoplasms in [Farwell] 533 (Au) 

Infant, Newborn 

amino acid concentrations in cerebrospinal fluid 
[Heiblim] 765 (No) 

clinical syndromes of myasthenia in infancy and 
childhood, review [Fenichel] 97 (Fe) 

intracerebral arterial aneurysm in [Lee] 171 
(Mr) 

| meningeal sarcoma of spinal cord in [Zwartver- 

wer] 844 (De) 
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Infant, Newborn—Continued 
neonatal paroxysmal monorhythmic alpha activi- 
ty [Knauss] 104 (Fe) 
perinatal intracranial hemorrhage [Schoenberg] 
34:570 (Se), correction, 35:92 (Fe) 
posterior fossa subdural hematomas in neonates 
[Blank] 108 (Fe) 
thymus in infants with perinatal telencephalic 
leukoencephalopathy [Leviton] 377 (Je) 
Infant, Premature 
perinatal intracranial hemorrhage [Schoenberg] 
34:570 (Se), correction, 35:92 (Fe) 
Infarction 
cerebral, clinical and anatomic findings in case of 
auditory agnosia [Oppenheimer] 712 (No) 
effect of size, histologic elements, and water 
content on visualization of cerebral infarcts, 
computerized cranial tomographic study 
[Alcalá] 1 (Ja) 
periventricular leukomalacia in adults, clinicopa- 
thological study [De Reuck] 517 (Au) 
sensorimotor stroke and thalamocapsular ischem- 
ia (letter) [Lapresle] 549 (Au) 
Infection 
recurrent disseminated 
[Poser] 166 (Mr) 
Influenza Vaccine 
swine flu, recurrent disseminated vasculomyeli- 
nopathy after [Poser] 166 (Mr) 
swine influenza vaccination in patients with 
multiple sclerosis [Bamford] 242 (Ap) 
Informed Consent 
in medical practice, with particular reference to 
neurology [Faden] 761 (No) 
Injuries see Wounds and Injuries 
Inositol 
in multiple sclerosis (letter) [Holm] 478 (Jy) 
Intelligence 
comparison of neuropsychological deficits asso- 
ciated with early and advanced Huntington's 
disease [Butters] 585 (Se) 
developmental dyslexia, evidence for subgroup 
with reversal of cerebral asymmetry [Hier] 90 
(Fe) 
febrile seizures and later intellectual perform- 
ance [Ellenberg] 17 (Ja) 
Intracranial Aneurysm see Cerebral Aneurysm 
Intracranial Hypertension, Benign see Pseudo- 
tumor Cerebri 
Intracranial Pressure see also Papilledema 
clinical and computerized tomographic study of 
hypertensive intracerebral hemorrhage [Wig- 
gins] 832 (De) 
clinical significance of spontaneous pulsations of 
retinal vein [Levin] 37 (Ja), (letter) [LoZito] 478 
(Jy) 
influence of head position on prognosis of exper- 
imental subarachnoid hemorrhage [Hayakawa] 
206 (Ap) 
modulation of CSF production by alterations in 
cerebral perfusion pressure [Weiss] 527 (Au) 
normal, venous pulsations not always indicative 
of (letter) [Van Uitert] 550 (Au) 
reserve testing [Wilkinson] 661 (Oc) 
reserve testing, study in experimental animals 
[Wilkinson] 567 (Se) 
lodine Isotopes 
binding of iodine 125 a-bungarotoxin to thymus 
of mice [Ohshima] 31 (Ja) 
Iris 
abnormal vasculature in myotonic dystrophy, 
anterior segment angiographic study [Stern] 
224 (Ap) 
Irrigation 
pseudocaloric nystagmus [Becker] 93 (Fe) 
Ischemia 
thalamocapsular, sensorimotor stroke and (letter) 
[Lapresle] 549 (Au) 


vasculomyelinopathy 


Jacksonian Seizure 
seizures of axial structures, presumptive evi- 


dence for brain stem origin [Nathanson] 448 
(Jy) 


Jakob-Creutzfeldt Disease see Creutzfeldt- 
Jakob Disease 

Jaundice, Homologous Serum see Hepatitis B 

Jaw 

inverse Marcus Gunn phenomenon, electromyo- 
graphic contribution [Lubkin] 249 (Ap) 

Jurisprudence 

informed consent in medical practice, with 
particular reference to neurology [Faden] 761 
(No) 


Lactates 
erythrocyte metabolism in muscular dystrophy 
[Danon] 592 (Se) 
reincarnation in cultured muscle of mitochondrial 
abnormalities, 2 patients with epilepsy and 
lactie acidosis [Askanas] 801 (De) 
Lafora Disease see Epilepsy, Myoclonus 
Language 
bilingual brain [Ojemann] 409 (Jy) 
erossed aphasia in Chinese bilingual dextral 
[April] 34:766 (De), correction, 35:251 (Ap); 
(letter) [Winterling] (reply) [April] 694 (Oc) 
Lateral Medullary Syndrome 
benign [Bernat] 112 (Fe) 
Lateral Sclerosis see Amyotrophic Lateral Scle- 
rosis 
Laterality 
block design performance following callosal 
sectioning, observations on functional recovery 
[LeDoux] 506 (Au) 
crossed aphasia in Chinese bilingual dextral 
[April] 34:766 (De), correction, 35:251 (Ap); 
(letter) [Winterling] (reply) [April] 694 (Oc) 
sex and handedness differences in well-educated 
adults' self-descriptions of left-right confusa- 
bility (letter) [Harris] 773 (No) 
speech arrest in dextral with right mesial frontal 
astrocytoma [Caplan] 252 (Ap) 
Lavage see Irrigation 
Learning 
methylphenidate in 6-hydroxydopamine-treated 
developing rat pups, effects on activity and 
maze performance [Shaywitz] 463 (Jy) 
Learning Disorders see Dyslexia 
Lergotrile Mesylate 
paradoxical response to dopaminergic agents in 
parkinsonism [Weiner] 453 (Jy) 
Leukemia, Lymphoblastic 
acute, Allescheria (Petriellidium) boydii brain 
abscess in child with [Bell] 386 (Je) 
Leukemia, Lymphocytic, Acute see Leukemia, 
Lymphoblastic 
Leukodystrophy 
computerized axial tomography and cerebral 
scintigraphy in, 2 boys presumably suffering 
from lysosomal disease [Willemse] 603 (Se) 
dermatoleukodystrophy with neuroaxonal sphe- 
roids [Matsuyama] 329 (Je) 
dysmyelination revisited [Poser] 401 (J y) 
Leukodystrophy, Metachromatic 
late adult-onset, dementia and polyneuropathy in 
63-year-old man [Bosch] 475 (Jy) 
presumed, monozygotie twins with, activity of 
arylsulfatase A in serum of patients and fami- 
ly [Hashimoto] 689 (Oc) 
Leukoencephalopathy 
in oculocraniosomatie neuromuscular disease 
with ragged-red fibers, mitochondrial abnor- 
malities demonstrated by computerized tomog- 
raphy [Bertorini] 643 (Oc) 
Leukoencephalopathy, Telencephalic 
perinatal, thymus in infants with [Leviton] 377 
(Je) 
Leukomalacia 
periventrieular, development of cerebrovascular 
architecture and its relationship to [Takashi- 
ma] 11 (Ja) 
periventrieular, in adults, clinicopathological 
study [De Reuck] 517 (Au) 
subcortical, relationship to development of cere- 
bral suleus and its vascular supply [Takashima] 
470 (Jy) 
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Levodopa 

bromocriptine in parkinsonism, long-term study 
[Lees] 503 (Au) 

dyskinesias induced by, onset and end-of-dose, 
possible treatment by increasing daily doses of 
levodopa [Lhermitte] 261 (My) 

paradoxical response to dopaminergic agents in 
parkinsonism [Weiner] 453 (Jy) 

treatment of parkinsonism with N-n-propyl nor- 
apomorphine and (with or without carbidopa) 
[Papavasiliou] 787 (De) 

Lewy Bodies 

presenile dementia with neurofibrillary tangles 
and [Forno] 818 (De) 

Ligaments 

posterior longitudinal, cervical myelopathy due 
to ossification of [Murakami] 33 (Ja) 


> Ligamentum Denticulatum see Spinal Cord 


Lipidosis see Lipoidosis 

Lipids 

involvement of peripheral nerve and muscle in 
Fabry’s disease, histologic, ultrastructural, and 
morphometric studies [Sima] 291 (My) 

Lipoidosis 


. familial juvenile neuronal storage disease, new 


disease or variant of juvenile lipidosis? [Itoya- 
ma] 792 (De) 

Lipoidproteinosis see Lipoidosis 

Lissencephaly 

syndrome (agyria) in siblings, computerized 
tomographic and neuropathologic findings 
[Garcia] 608 (Se) 

Liver 

binding of iodine 125 a-bungarotoxin to thymus 
of mice [Ohshima] 31 (Ja) 

computerized axial tomography and cerebral 
scintigraphy in leukodystrophy, 2 boys presum- 
ably suffering from lysosomal disease [Wil- 
lemse] 603 (Se) 

Locus Coeruleus 

and substantia nigra, protein-rich cytoplasmic 
bodies of, parkinsonian and normal brain 
compared [Issidorides] 633 (Oc) 

Longevity 

survival after spinal cord trauma, life table anal- 
ysis [Mesard] 78 (Fe) 

Louis-Bar Syndrome see Ataxia Telangiectasia 

Lumbar Puncture see Spinal Puncture 

Lumbosacral Plexus 

traumatic and postoperative lesions of [Stoehr] 
151 (No) 

Lundborg-Unverricht Syndrome see Epilepsy, 
Myoclonus 

Lymphatic Diseases see Leukemia, Lympho- 
blastic; Lymphoma 

Lymphocytes 

autoreactivity between thymus cells and, in 
myasthenia gravis [Opelz] 413 (Jy) 

T-Lymphocytes 

autoreactivity between thymus cells and, in 
myasthenia gravis [Opelz] 413 (Jy) 

Lymphoid Tissue see Thymus Gland 

Lymphoma 

primary malignant, of brain, peripheral polyneu- 
ropathy associated with [Garofalo] 50 (Ja) 

primary malignant, of brain, remote neurological 
effects of (letter) [Finnelli] 397 (Je) 

Lysosomes 

computerized axial tomography and cerebral 
scintigraphy in leukodystrophy, 2 boys presum- 
ably suffering from lysosomal disease [Wil- 
lemse] 603 (Se) 

selective vacuolar myopathy with atrophy of type 
II fibers, childhood case of acid maltase defi- 
cieney [Horoupian] 175 (Mr) 


Macroglobulinemia 

Waldenstrorü's, polyneuropathy in, deposition of 
M component on myelin sheaths [Julien] 423 
(Jy) 

Malaria 

cerebral, disseminated 
[Toro] 271 (My) 


vaseulomyelinopathy 
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thermia 

Malignant Hyperthermia 

and central core disease in child with congenital 
dislocating hips, case, review [Eng] 189 (Ap) 

reversible effect of dantrolene sodium on twitch 
tension of rat skeletal muscle [Kotsias] 234 
(Ap) 

Malpractice 

informed consent in medical practice, with 
particular reference to neurology [Faden] 761 
(No) 

Mammillary Bodies 

hippocampal-fornix-mammillary circuit and 
memory (letter) [McEntee] (reply) [Ziegler] 618 
(Se) 

Mandible 

inverse Marcus Gunn phenomenon, electromyo- 
graphic contribution [Lubkin] 249 (Ap) 

Mannitol 

intracranial pressure reserve testing [Wilkinson] 
661 (Oc) 

Manuscripts 

1977 reviewers, 59 (Ja) 

Marcus Gunn Phenomenon 

inverse, electromyographic contribution [Lubkin] 
249 (Ap) 

Marie's Ataxia see Cerebellar Ataxia 

Marie-Struempell Disease see Spondylitis, An- 
kylosing 

Median Nerve 

central latencies of somatosensory cerebral 
evoked potentials [Kimura] 683 (Oc) 

short-latency somatosensory evoked potentials 
[Kritchevsky] 706 (No) 

Medulla Oblongata 

benign lateral medullary syndrome [Bernat] 112 
(Fe) 

Medulloblastoma 

intracranial neoplasms in infants [Farwell] 533 
(Au) 

Membranes 

erythrocyte membrane studies in familial hypo- 
kalemie periodic paralysis [Buruma] 615 (Se) 

Memory 

comparison of neuropsychological deficits asso- 
ciated with early and advanced Huntington's 
disease [Butters] 585 (Se) 

hippocampal-fornix-mammillary circuit and (let- 
ter) [McEntee] (reply) [Ziegler] 618 (Se) 

Meningeal Neoplasms 

sarcoma of spinal eord in newborn [Zwartverwer] 
844 (De) 

Meninges 

bilateral congenital subdural cysts associated 
with porencephaly and CSF-subdural fistula 
[Agamanolis] 370 (Je) 

development of cerebrovascular architecture and 
its relationship to periventricular leukomalacia 
[Takashima] 11 (Ja) 

Meningitis 

amino acid concentrations in cerebrospinal fluid 
[Heiblim] 765 (No) 

cryptococcal, cure despite eryptococcemia [Rob- 
erts] 179 (Mr) 

fungal, miconazole for [Sung] 443 (Jy) 

group B streptococcal, associated with CSF fistu- 
la [Lentnek] 114 (Fe) 

Meningitis, Tuberculous 
Meningeal 

Menstruation Disorders 

menstrual meralgia (letter) [Massey] 549 (Au) 

Meralgia Paraesthetica 

familial occurrence of (letter) [Massey] 182 (Mr) 

Mesencephalon 

neurological model for childhood autism [Dama- 
sio] 777 (De) 

Metabolic Diseases 

acetazolamide in pyruvate dysmetabolism syn- 
dromes [Evans] 302 (My), correction, 800 (De) 

Metabolism, Inborn Errors 

dysmyelination revisited [Poser] 401 (Jy) 

Methylphenidate 

in 6-hydroxydopamine-treated developing rat 
pups, effects on activity and maze performance 


see Tuberculosis, 





Malignant Hyperpyrexia see Malignant Hyper- - 
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Methylphenidate— Continued 
[Shaywitz] 463 (Jy) 

Miconazole 

therapy for fungal meningitis [Sung] 443 (Jy) 

Micrognathism 

hypersomnia-sleep apnea due to, reversal by 
tracheoplasty [Weitzman] 392 (Je) 

Microscopy 

electron and light, involvement of peripheral 
nerve and muscle in Fabry's disease, histologie, 
ultrastructural, and morphometric studies 
[Sima] 291 (My) 

Midbrain see Mesencephalon 

Migraine 

acute confusional, natural history of [Ehyai] 368 
(Je) 

Minimal Brain Dysfunction 

methylphenidate in 6-hydroxydopamine-treated 
developing rat pups, effects on activity and 
maze performance [Shaywitz] 463 (Jy) 

Minnesota Multiphasic Personality Inventory 
see MMPI 

Mirror Writing see Dominance, Cerebral 

Mitochondria 

abnormalities demonstrated by computerized 
tomography in leukoencephalopathy in oculo- 
craniosomatic neuromuscular disease with rag- 
ged-red fibers [Bertorini| 643 (Oc) 

Mitochondria, Muscle 

common origin of rods, cores, miniature cores, 
and focal loss of cross-striations [Bethlem] 555 
(Se) 

reincarnation in cultured muscle of mitochondrial 
abnormalities, 2 patients with epilepsy and 
lactic acidosis [Askanas] 801 (De) 

MMPI 

is there a characteristic personality profile in 
amyotrophic lateral sclerosis? study using [Pe- 
ters] 321 (My) 

Monoamines 

Wilson's disease and (letter) [Lycklama à Nije- 
holt] 617 (Se) 

Mosaicism 

trisomy 13-15, cebocephalus associated with 
[Lorch] 163 (Mr) 

Motor Activity 

neurological model for childhood autism [Dama- 
sio] 771 (De) 

Motor Neurons 

glissadie overshoots are due to pulse width errors 
[Bahill] 138 (Mr) 

lower, decreased spinal cord eGMP in murine 
(wobbler) spontaneous degeneration of 
[Brooks] 590 (Se) 

Movement Disorders 

effect of opiate antagonist on [Nutt] 810 (De) 

familial and acquired paroxysmal dyskinesias, 
proposed classification with delineation of clin- 
ical features [Goodenough] 827 (De) 

neurological model for childhood autism [Dama- 
sio] 777 (De) 

Moyamoya Disease see Arterial Occlusive 
Diseases 

Mucopolysaccharidosis 

neuroanatomical and  electroencephalographic 
correlations in Sanfilippo syndrome, type A 
[Kriel] 838 (De) 

Multiple Sclerosis 

active, enhanced computerized tomographic 
imaging, effect of corticosteroids [Sears] 426 
(Jy) 

acute, with contrast-enhancing plaques [Lebow] 
435 (Jy) 

antibody response to arboviruses, absence of 
increased response in [Kasesak] 440 (Jy) 

cranial CT and, contrast-enhancing lesions (let- 
ter) [Aita] 183 (Mr) 

electrical correlates of normal binocular vision 
[Ellenberger] 834 (De) 

inositol in (letter) [Holm] 478 (Jy) 

internuclear ophthalmoplegia, saceades and dis- 
sociated nystagmus [Baloh] 484 (Au) 

more on adrenocorticotropie hormone approved 
for use in, 328 (My), 400 (Je) 

pattern shift visual evoked responses, 200 
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patients with optic neuritis and/or nce 
65 (Fe) 

swine influenza vaccination in patients with 
[Bamford] 242 (Ap) 

Muscle Contraction 

reversible effect of dantrolene sodium on twitch 
tension of rat skeletal muscle [Kotsias] 234 
(Ap) 

syndrome of “continuous muscle fiber activity” 
[Lütschg] 198 (Ap) 

Muscle Relaxants, Central 

reversible effect of dantrolene sodium on twitch 
tension of rat skeletal muscle [Kotsias] 234 
(Ap) 

Muscles 

acute hypokalemic myopathy in alcoholism (let- 
ter) [Rivera] 619 (Se) 

common origin of rods, cores, miniature cores, 
and focal loss of cross-striations [Bethlem] 555 
(Se) 

depletion of serum hemopexin in fulminant rhab- 
domyolysis, evidence for interaction of hemo- 
pexin with myoglobin-derived heme [Ador- 
nato] 547 (Au) 

muscle fiber-type disproportion, report of family 
with symptomatic and asymptomatie members 
[Eisler] 823 (De) 

peripheral nerve and, involvement in Fabry's 
disease, histologic, ultrastructural, and mor- 
phometric studies [Sima] 291 (My) 

rat skeletal, effect of pharmacologic acetylcho- 
line receptor on fibrillation and myotonia in 
[Brumback] 8 (Ja) 

reincarnation in cultured muscle of mitochondrial 
abnormalities, 2 patients with epilepsy and 
lactie acidosis [Askanas] 801 (De) 

reversible effect of dantrolene sodium on twitch 
tension of rat skeletal muscle [Kotsias] 234 
(Ap) 

selective vacuolar myopathy with atrophy of type 
II fibers, childhood case of acid maltase defi- 
ciency [Horoupian] 175 (Mr) 

simultaneous determination of skeletal muscle 
fiber, types I, IIA, and IIB by histochemistry 
[Tunell] 34:171 (Mr), correction, 35:103 (Fe) 

Muscular Atrophy 

of type II fibers, selective vacuolar myopathy 
with, childhood case of acid maltase deficiency 
[Horoupian] 175 (Mr) 

syndrome of "continuous muscle fiber activity" 
[Lütschg] 198 (Ap) 

Muscular Diseases 

investigations on inheritance of nemaline myo- 
pathy [Arts] 72 (Fe) 

Muscular Dystrophy 

elevations of hemopexin levels in [Adornato] 577 
(Se) 

erythrocyte membrane studies in familial hypo- 
kalemic periodic paralysis [Buruma] 615 (Se) 

erythrocyte metabolism in [Danon] 592 (Se) 

myotonic, abnormal iris vasculature in, anterior 
segment angiographic study [Stern] 224 (Ap) 

Myasthenia Gravis 

autoreactivity between lymphocytes and thymus 
cells in [Opelz] 413 (Jy) 

binding of iodine 125 a-bungarotoxin to thymus 
of mice [Ohshima] 31 (Ja) 

clinical syndromes in infancy and childhood, 
review [Fenichel] 97 (Fe) 

elevations of hemopexin levels in [Adornato] 577 
(Se) 

Mycoses 

miconazole for fungal meningitis [Sung] 443 
(Jy) 

Myelin Sheath 


` dysmyelination revisited [Poser] 401 (Jy) 


. Gomori's trichrome stain, its use with [Grunnet] 


692 (Oc) 

polyneuropathy in Waldenstrém’s macroglobu- 
linemia, deposition of M component on [Julien] 
423 (Jy) 

Myelography 

computerized tomography, adjunct to early diag- 
nosis in cauda equina syndrome of ankylosing 
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e Mycomya tng 
spondylitis [Kramer] 116 (Fe) 

Myoclonic Epilepsy, Progressive see Epilepsy, 
Myoclonus 

Myoclonic Jerking, Massive see Spasms, Infan- 
tile 

Myoclonus 

familial juvenile neuronal storage disease, new 
disease or variant of juvenile lipidosis? [Itoya- 
ma] 792 (De) 

Myotibrils 

syndrome of ' 'continuous muscle fiber activity 
[Lütschg] 198 (Ap) 

Myoglobin 

depletion of serum hemopexin in fulminant rhab- 
domyolysis, evidence for interaction of hemo- 
pexin with myoglobin-derived heme [Ador- 
nato] 547 (Au) 

Myoinositol see Inositol 

Myopia 

axial, neglected cause of proptosis [Osher] 237 


” 


elevations of hemopexin levels in [Adornato] 577 
(Se) 

Myotonia 

abnormal iris vasculature in myotonic dystrophy, 
anterior segment angiographic study [Stern] 
224 (Ap) 

effect of pharmacologic acetylcholine receptor on 
fibrillation and, in rat skeletal muscle [Brum- 
back] 8 (Ja) 

Myotonia Atrophica 

erythrocyte metabolism in muscular dystrophy 
[Danon] 592 (Se) 

peripheral neuropathy in myotonic dystrophy, 
relation to glucose intolerance [Olson] 741 
(No) 


Naltrexone 

effect of opiate antagonist on movement disor- 
ders [Nutt] 810 (De) 

Narcotic Antagonists 

effeet of opiate antagonist on movement disor- 
ders [Nutt] 810 (De) 

Neck 

cervical myelopathy due to ossification of poste- 
rior longitudinal ligament [Murakami] 33 (Ja) 

delayed cerebrovascular consequences of radia- 
tion to [Nardelli] 538 (Au) 

pain in fibromuscular dysplasia [Paulson] 287 
(My) 

Negroes see Blacks 

Nemaline 

myopathy, investigations on 
[Arts] 72 (Fe) 

Neoplasm Metastasis 

treatment for cerebral metastases [Markesbery] 
154 (No) 

Neoplasm Seeding 

spinal intramedullary glioblastoma with intra- 
cranial seeding [Andrews] 244 (Ap) 

Nerve Compression Syndromes 

hemifacial spasm due to aneurysmal compression 
of facial nerve [Maroon] 545 (Au) 

Nerve Conduction see Neural Conduction 

Nerve Regeneration 

Fink-Heimer/Nauta demonstration of regener- 
ating axons in rat spinal cord [Feringa] 522 
(Au) 

Nervous System 

normal pressure hydrocephalus, recognition and 
relationship to neurological abnormalities in 
Cockayne's syndrome [Brumback] 337 (Je) 

polyneuropathy and folate deficiency [Botez] 581 
(Se) 

subacute demyelinating polyneuropathy  re- 
sponding to corticosteroid treatment [Oh] 509 
(Au) 

Nervous System Diseases 

auditory nerve and brain stem responses, 
comparison in awake and unconscious subjects 
[Sohmer] 228 (Ap) 


inheritance of 


Neural Coiduction 


late adult-onset metachromatic leukodystrophy, 
dementia and polyneuropathy in 63-year-old 
man [Bosch] 475 (Jy) 

motor nerve, velocity of, electrophysiological 
study of hemiplegia [Chokroverty] 360 (Je) 

subacute demyelinating polyneuropathy res- 
ponding to corticosteroid treatment (Oh) 509 
(Au) 

Neurofibrils 

presenile dementia with Lewy bodies and neuro- 
fibrillary tangles [Forno] 818 (De) 

Neurologic Examination 

should traditional hatpin be discarded? (letter) 
[Ajax] 549 (Au) 

Neurologic Manifestations 

acetazolamide in pyruvate dysmetabolism syn- 
dromes [Evans] 302 (My), correction, 800 (De) 

disulfiram neuropathy [Moddel] 658 (Oc) 

peripheral polyneuropathy associated with pri- 
mary malignant lymphoma of brain [Garofalo] 
50 (Ja) 

remote neurological effects of primary malig- 
nant lymphoma of brain (letter) [Finnelli] 397 
(Je) 

Neurology 

international nomenclature of diseases project 
(letter) [Robb-Smith] 549 (Au) 

manpower assessed, notes from NINCDS, 63 
(Ja) 

Neuromuscular Diseases 

common origin of rods, cores, miniature cores, 
and focal loss of cross-striations [Bethlem] 555 
(Se) 

elevations of hemopexin levels in [Adornato] 577 
(Se) 

malignant hyperthermia and central core disease 
in child with congenital dislocating hips, case, 
review [Eng] 189 (Ap) 

oculocraniosomatic, with ragged-red fibers, leu- 
koencephalopathy in, mitochondrial abnormali- 
ties demonstrated by computerized tomogra- 
phy [Bertorini] 643 (Oc) 

Neuromyelitis Optica see Multiple Sclerosis 

Neurons 

dermatoleukodystrophy with neuroaxonal sphe- 
roids [Matsuyama] 329 (Je) 

familial juvenile neuronal storage disease, new 
disease or variant of juvenile lipidosis? [Itoya- 
ma] 792 (De) 

Neurosurgery 

intracranial pressure reserve testing, study in 
experimental animals [Wilkinson] 567 (Se) 

treatment for cerebral metastases [Markesbery] 
754 (No) 

NEWS see CALENDAR AND/OR NEWS 

Nomenclature 

international nomenclature of diseases project 
(letter) [Robb-Smith] 549 (Au) 

Nyando Group Viruses see Arboviruses 

Nystagmus 

dissociated, internuclear ophthalmoplegia [Ba- 
loh] I. saccades and dissociated nystagmus, 484; 
pursuit, optokinetic nystagmus, and vestibulo- 
ocular reflex, 490 (Au) 

intermittent see-saw eye movements, patient in 
coma after hyperextension head injury 
[Keane] 173 (Mr) 

pseudocaloric [Becker] 93 (Fe) 


Oo 


Obituaries 

K. Kenneth Hisaoka dies, 696 (Oc) 

Oculomotor Nerve 

combined nuclear and supranuclear defects in 
ocular motility [Reagan] 133 (Mr) 

pineal tumors, 53-year experience [Donat] 736 
(No) 

Oculomotor Paralysis 

failure of downward gaze, site and nature of 
lesion [Halmagyi] 22 (Ja) 

internuclear ophthalmoplegia [Baloh] I. saccades 
and dissociated nystagmus, 484; II. pursuit, 
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Oculomotor Paralysis—Continued 
optokinetie nystagmus, and vestibulo-ocular 
reflex, 490 (Au) 

pineal tumors, 53-year experience [Donat] 736 
(No) 

prenuclear paresis of homolateral inferior rectus 
and contralateral superior oblique eye muscles 
[Meienberg] 231 (Ap) 

St Louis encephalitis with particular involvement 
of brain stem [Kaplan] 45 (Ja) 

Tolosa-Hunt syndrome, arteriographic evidence 
of improvement in carotid narrowing [Takeo- 
ka] 219 (Ap) 

Olivary Nucleus 

computerized tomography and auditory-evoked 
potentials, diagnosis of olivopontocerebellar 
degeneration [Gilroy] 143 (Mr) 

dominant spinopontine atrophy, 2 additional 
members of family W [Pogacar] 156 (Mr) 

Ophthalmoplegia see Oculomotor Paralysis 

Ophthalmoscopy see Papilledema 

Opium 

effect of opiate antagonist on movement disor- 
ders [Nutt] 810 (De) 

Optic Chiasm 


. malignant gliomas in adults [Harper] 731 (No) 


Optic Nerve 

malignant gliomas in adults [Harper] 731 (No) 

Optic Neuritis 

pattern shift visual evoked responses, 200 
patients with it and/or multiple sclerosis 
[Shahrokhi] 65 (Fe) 

Organophosphorus Compounds 

Jamaica ginger paralysis, 47-year follow-up 
[Morgan] 530 (Au) 

Orientation 

computed tomography complications (letter) [Im- 
bus] 620 (Se) 

Osmoregulation see Water-Electrolyte Balance 

Ossification, Pathologic 

of posterior longitudinal ligament, cervical mye- 

. lopathy due to [Murakami] 33 (Ja) 

Osteomyelitis 

tuberculous epidural abscess without (letter) 
[Berger] 397 (Je) 

Overinclusion see Cognition Disorders 


P 


Papilledema 

clinical significance of spontaneous pulsations of 
retinal vein [Levin] 37 (Ja), (letter) [LoZito] 478 
(Jy) 

venous pulsations not always indicative of 
normal intracranial pressure (letter) [Van 
Uitert] 550 (Au) 

Paralysis 

Jamaica ginger [Morgan] 530 (Au) 

transient monoparesis in acute intermittent 
porphyria (letter) [Poser] 550 (Au) 

Paralysis Agitans see Parkinsonism 

Paralysis, Familial Periodic 

hypokalemic, erythrocyte membrane studies in 
[Buruma] 615 (Se) 

Paralysis, General see Paresis 

Paraplegia 

survival after spinal cord trauma, life table anal- 
ysis [Mesard] 78 (Fe) 

Paresis 

transient monoparesis in acute intermittent 
porphyria (letter) [Poser] 550 (Au) 

Paresthesia 

familial occurrence of meralgia paraesthetica 
(letter) [Massey] 182 (Mr) 

menstrual meralgia (letter) [Massey] 549 (Au) 

Parinaud Syndrome 

St Louis encephalitis with particular involvement 
of brain stem similar to [Kaplan] 45 (Ja) 

Parkinson, James (1755-1824) 

physician for all seasons [Yahr] 185 (Ap) 

Parkinsonism 

bromocriptine in, long-term study [Lees] 503 
(Au) 

effect of opiate antagonist on movement disor- 
ders [Nutt] 810 (De) 
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Parkinsonism—Continued 

herpes simplex virus subunit antibodies in [Mart- 
tila] 668 (Oc) 

onset and end-of-dose levodopa-induced dyskine- 
sias, possible treatment by increasing daily 
doses of levodopa [Lhermitte] 261 (My) 

paradoxical response to dopaminergic agents in 
[Weiner] 453 (Jy) 

physician for all seasons, James Parkinson 1755- 
1824 [Yahr] 185 (Ap) 

postencephalitie and idiopathic, antibodies 
against arboviruses in [Elizan] 257 (My) 

protein-rich cytoplasmic bodies of substantia 
nigra and locus ceruleus, parkinsonian and 
normal brain compared [Issidorides] 633 (Oc) 

treatment with N-n-propyl norapomorphine and 
levodopa (with or without carbidopa) [Papava- 
siliou] 787 (De) 

Parlodel see Bromocriptine 

Patois Virus see Arboviruses 

Pelvic Bones 

fractures, traumatic lesions of lumbosacral 
plexus [Stoehr] 757 (No) 

Penicillamine 

Wilson's disease and monoamines (letter) [Lyck- 
lama a Nijeholt] 617 (Se) 

Perception 

neurological model for childhood autism [Dama- 
sio] 777 (De) 

Perfusion 

cerebral, modulation of CSF production by alter- 
ations in pressure of [Weiss] 527 (Au) 

Peripheral Nerves : 

and muscle, involvement in Fabry’s disease, 
histologic, ultrastructural, and morphometric 
studies [Sima] 291 (My) 

corpora amylacea of lumbar spinal cord and 
[Averback] 95 (Fe) 

Gomori’s trichrome stain, its use with myelin 
sheaths [Grunnet] 692 (Oc) 

late adult-onset metachromatic leukodystrophy, 
dementia and polyneuropathy in 63-year-old 
man [Bosch] 475 (Jy) 

neuropathy in myotonic dystrophy, relation to 
glucose intolerance [Olson] 741 (No) 

polyneuropathy and folate deficiency [Botez] 581 
(Se) 

polyneuropathy associated with primary malig- 
nant lymphoma of brain [Garofalo] 50 (Ja) 

polyneuropathy in Waldenström’s macroglobuli- 
nemia, deposition of M component on myelin 
sheaths [Julien] 423 (Jy) 

remote neurological effects of primary malig- 
nant lymphoma of brain (letter) [Finnelli] 397 
(Je) 

Peroneal Nerve 

central latencies of somatosensory cerebral 
evoked potentials [Kimura] 683 (Oc) 

Personality 

is there a characteristic profile in amyotrophic 
lateral sclerosis? MMPI study [Peters] 321 
(My) 

Pette-Doering Panencephalitis see Subacute 
Sclerosing Panencephalitis 

Photosensitization 

normal pressure hydrocephalus, recognition and 
relationship to neurological abnormalities in 
Cockayne’s syndrome [Brumback] 337 (Je) 

Physical Effort see Exertion 

Pick’s Disease of Brain see Dementia, Prese- 
nile 

Pickwickian Syndrome 

recurrent hypersomnia secondary to sleep apnea 
(letter) [Kuban] (reply) [Spira] 772 (No) 

Pineal Body 

tumors, 53-year experience [Donat] 736 (No) 

Pinealoma 

pineal tumors, 53-year experience [Donat] 736 
(No) 

Pneumoencephalography 

external hydrocephalus, early finding in congen- 
ital communicating hydrocephalus [Robertson] 
541 (Au) 

Polyneuritis 

polyneuropathy and folate deficiency [Botez] 581 


Polyneuritis—Continued 
(Se) 

polyneuropathy in Waldenstrém’s macroglobu- 
linemia, deposition of M component on myelin 
sheaths [Julien] 423 (Jy) 

subacute demyelinating polyneuropathy  re- 
sponding to corticosteroid treatment (Oh) 509 
(Au) 

Polyradiculitis 

criteria established for Guillain-Barré diagnosis, 
notes from NINCDS, 623 (Se) 

Pons 

computerized tomography and auditory-evoked 
potentials, diagnosis of olivopontocerebellar 
degeneration [Gilroy] 143 (Mr) 

dominant spinopontine atrophy, 2 additional 
members of family W [Pogacar] 156 (Mr) 

familial cavernous angiomas [Bicknell] 746 (No) 

Porencephaly 

bilateral congenital subdural cysts associated 
with CSF-subdural fistula and [Agamanolis] 
370 (Je) 

Porphyria 

acute intermittent, transient monoparesis in (let- 
ter) [Poser] 550 (Au) 

Postoperative Complications 

malignant hyperthermia and central core disease 
in child with congenital dislocating hips, case, 
review [Eng] 189 (Ap) 

traumatic and postoperative lesions of lumbosa- 
cral plexus [Stoehr] 757 (No) 

Posture 

influence of head position on prognosis of exper- 
imental subarachnoid hemorrhage [Hayakawa] 
206 (Ap) 

Prognosis 

amytrophic lateral sclerosis, clinical features and 
[Rosen] 638 (Oc) 

of experimental subarachnoid hemorrhage, in- 
fluence of head position on [Hayakawa] 206 
(Ap) 

prognostic factors in survival of 1,484 stroke 
cases observed for 30 to 48 months, [Abu-Zeid] 
I. diagnostic types and descriptive variables, 
121 (Mr); II. clinical variables and laboratory 
measurements, 213 (Ap) 

survival after spinal cord trauma, life table anal- 
ysis [Mesard] 78 (Fe) 

Progressive Lenticular Degeneration see Hepa- 
tolenticular Degeneration 

Proptosis 

axial myopia, neglected cause of [Osher] 237 
(Ap) 

Proteins 

cytoplasmic bodies of substantia nigra and locus 
ceruleus rich in, parkinsonian and normal brain 
compared [Issidorides] 633 (Oc) 

Pseudosclerosis see Hepatolenticular Degener- 
ation 

Pseudosclerosis, Spastic see Creutzfeldt-Jakob 
Disease 

Pseudotumor Cerebri 

megalencephaly in infants and children, possible 
role of increased dural sinus pressure [Portnoy ] 
306 (My) 

Ptosis, Eyelid see Blepharoptosis 

Pulse 

clinical significance of spontaneous pulsations of 
retinal vein [Levin] 37 (Ja), (letter) [LoZito] 478 
(Jy) 

fibromuscular dysplasia [Paulson] 287 (My) 

glissadic overshoots are due to pulse width errors 
[Bahill] 138 (Mr) 

venous pulsations not always indicative of 
normal intracranial pressure (letter) [Van 
Uitert] 550 (Au) 

Pyruvates 

dysmetabolism syndromes, acetazolamide in 
[Evans] 302 (My), correction, 800 (De) 


Q 
Quadriplegia 


survival after spinal cord trauma, life table anal- 
ysis [Mesard] 78 (Fe) 


Subject Index 


Rabies Vaccine 

possible interactions between vaccination and 
progressive degenerative CNS disease (letter) 
[Britton] 693 (Oc) 

Radiography 

arachnoid cyst and associated subdural hemato- 
ma, observations on conventional roentgeno- 
graphic and computerized tomographic diagno- 
sis [LaCour] 84 (Fe) 

effect of size, histologic elements, and water 
content on visualization of cerebral infarcts, 
computerized cranial tomographic study [Ala- 
ealá] 1 (Ja) 

Radioisotope Scanning see Radionuclide Imag- 
ing 

Radionuclide Imaging 

arachnoid cyst and associated subdural hemato- 
ma, observations on conventional roentgeno- 
graphic and computerized tomographic diagno- 
sis [LaCour] 84 (Fe) 

computerized axial tomography and cerebral 
scintigraphy in leukodystrophy, 2 boys presum- 
ably suffering from lysosomal disease [Wil- 
lemse] 603 (Se) 

regional cerebral blood flow and EEG in epilepsy 
[Sakai] 648 (Oc) 

regional cerebral blood flow in aphasia [Soh] 625 
(Oc) 

Radiotherapy 

delayed cerebrovascular consequences of radia- 
tion to neck [Nardelli] 538 (Au) 

treatment for cerebral metastases [Markesbery] 
754 (No) 

Reading Disability, Development see Dyslexia 

Receptors, Acetylcholine 

binding of iodine 125 a-bungarotoxin to thymus 
of mice [Ohshima] 31 (Ja) 

pharmacologic, effect on fibrillation and myoton- 
ia in rat skeletal muscle [Brumback] 8 (Ja) 

Receptors, Dopamine 

apomorphine-induced improvement in Hunting- 
ton's chorea, stimulation of [Corsini] 27 (Ja) 

modification of tardive dyskinesia and spasmodic 
torticollis by apomorphine, possible role of 
autoreceptors [Tolosa] 459 (Jy) 

paradoxical response to dopaminergic agents in 
parkinsonism [Weiner] 453 (Jy) 

Red Nucleus 

failure of downward gaze, site and nature of 
lesion [Halmagyi] 22 (Ja) 

Reflex 

syndrome of "continuous muscle fiber activity" 
[Liitschg] 198 (Ap) 

vestibulo-ocular, internuclear ophthalmoplegia 
[Baloh] 490 (Au) 

Research 

goals, suggestion invited on, 399 (Je) 

publication of hypotheses (letter) [Gindin] 396 
(Je) - 

Respiratory Distress Syndrome 

perinatal] intracranial hemorrhage [Schoenberg] 
34:570 (Se), correction, 35:92 (Fe) 

Respiratory Failure see Respiratory Insufficien- 


cy 

Respiratory Insufficiency 

atlantoaxial malformation in 46,XY, 17q+ child 
{Todorov} 317 (My) 

clinical syndromes of myasthenia in infancy and 
childhood, review [Fenichel] 97 (Fe) 

periventricular leukomalacia in adults, clinicopa- 
thological study [De Reuck] 517 (Au) 

Retinal Vein 

clinical significance of spontaneous pulsations of 
[Levin] 37 (Ja), (letter) [LoZito] 478 (Jy) 

venous pulsations not always indicative of 
normal intracranial pressure (letter) [Van 
Uitert] 550 (Au) 

Retinal Vessels see Fluorescence Angiogra- 
phy 

REVIEWERS 

for 1977, 59 (Ja) 

Rhabdomyolysis 

fulminant, depletion of serum hemopexin in, 
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Rhabdomyolysis—Continued 
evidence for interaction of hemopexin with 
myoglobin-derived heme [Adornato] 547 (Au) 

Ritalin see Methylphenidate 

Roentgenography see Radiography 

Rupture 

familial incidence of ruptured intracranial aneu- 
rysms, 12 cases [Acosta-Rua] 675 (Oc) 


S 


Saccades see Eye Movements 

Sacral Plexus see Lumbosacral Plexus 

Sanfilippo Syndrome 

type A, neuroanatomical and electroencephalo- 
graphie correlations in [Kriel] 838 (De) 

Sarcoma 

meningeal, of spinal cord in newborn [Zwart- 
verwer] 844 (De) 

Sarcosomes see Mitochondria, Muscle 

Scanning, Radioisotope. see Radionuclide 
Imaging 

Sclerosis, Disseminated see Multiple Sclerosis 

Sclerosis, Hereditary Spinal see Friedreich’s 
Ataxia 

Sclerosis, Presenile see Dementia, Presenile 

Scotoma 

electrical correlates of normal binocular vision 
[Ellenberger] 834 (De) 

Sedatives see Hypnotics and Sedatives 

Septicemia 

cryptococcal meningitis, cure despite cryptococ- 
cemia [Roberts] 179 (Mr) 

Sex Chromosome Abnormalities 

atlantoaxial malformation in 46,XY, 17q+ child 
[Todorov] 317 (My) 

Sex Factors 

amyotrophic lateral sclerosis, clinical features 
and prognosis [Rosen] 638 (Oc) 

prognostic factors in survival of 1,484 stroke 
cases observed for 30 to 48 months, diagnostic 
types and descriptive variables [Abu-Zeid] 121 
(Mr) 

sex and handedness differences in well-educated 
adults’ self-descriptions of left-right confusa- 
bility (letter) [Harris] 773 (No) 

Skeletal Muscle Relaxants see Muscle Relax- 
ants, Central 

Skin Diseases 

dermatoleukodystrophy with neuroaxonal sphe- 
roids [Matsuyama] 329 (Je) 

Skull see also Intracranial Pressure 

posterior fossa subdural hematomas in neonates 
[Blank] 108 (Fe) 

Sleep 

neuroanatomical and  electroencephalographic 
correlations in Sanfilippo syndrome, type A 
[Kriel] 838 (De) 

Sleep Disorders 

hypersomnia-sleep apnea due to micrognathia, 
reversal by tracheoplasty [Weitzman] 392 (Je) 

recurrent hypersomnia secondary to sleep apnea 
(letter) [Kuban] (reply) [Spira] 772 (No) 

Slow Virus Diseases 

precautions in familial transmissible dementia, 
ineluding familial Alzheimer's disease [Cook] 
697 (No) 

Somatosensory Cortex 

short-latency evoked potentials [Kritchevsky] 
706 (No) 

Sound 

clinical and anatomic findings in case of auditory 
agnosia [Oppenheimer] 712 (No) 

Space Perception 

changes in symptoms of neglect induced by 
changing task strategy [Heilman] 47 (Ja) 

visuospatial judgment, clinical test [Benton] 364 
(Je) 

Spasm see also Myotonia 

effect of pharmacologic acetylcholine receptor on 
fibrillation and myotonia in rat skeletal muscle 
[Brumback] 8 (Ja) 

hemifacial, due to aneurysmal compression of 
facial nerve [Maroon] 545 (Au) 


Spasm—Continued 
hemifacial, vascular cause [Maroon] 481 (Au) 
Spasms, Infantile 
lissencephaly (agyria) syndrome in siblings [Gar- 
cia] 608 (Se) 
Speech see also Verbal Behavior 
arrest in dextral with right mesial frontal astro- 
cytoma [Caplan] 252 (Ap) 
human brain, cytoarchitectonic left-right asym- 
metries in temporal speech region [Galaburda] 
812 (De) 
Speech Disorders 
clinieal and anatomic findings in case of auditory 
agnosia [Oppenheimer] 712 (No) 
Spheroids 
neuroaxonal, dermatoleukodystrophy with [Mat- 
suyama] 329 (Je) 
Spices see Condiments 
Spinal Cord see also Myelography 
anterior cervical arachnoid cyst simulating syrin- 
gomyelia, case with preceding posterior arach- 
noid cysts [Herskowitz] 57 (Ja) 
cervical spondylotic myelopathy (letter) [Kaplan] 
(reply) [Kasdon] 772 (No) 
decreased cGMP in murine (wobbler) sponta- 
neous lower motor neuron degeneration 
[Brooks] 590 (Se) 
lumbar, corpora amylacea of peripheral nervous 
system and [Averback] 95 (Fe) 
polyneuropathy and folate deficiency [Botez] 581 
(Se) 
rat, Fink-Heimer/Nauta demonstration of re- 
generating axons in [Feringa] 522 (Au) 
recurrent disseminated vasculomyelinopathy 
[Poser] 166 (Mr) 
Spinal Cord Injuries 
survival after, life table analysis [Mesard] 78 
(Fe) 
Spinal Cord Neoplasms 
epidural hematoma due to heparin (letter) [Bam- 
ford] 693 (Oc) 
intramedullary glioblastoma with intracranial 
seeding [Andrews] 244 (Ap) 
meningeal sarcoma in newborn [Zwartverwer] 
844 (De) 
Spinal Puncture 
clinical significance of spontaneous pulsations of 
retinal vein [Levin] 37 (Ja), (letter) [LoZito] 478 
(Jy) 
venous pulsations not always indicative of 
normal intracranial pressure (letter) [Van 
Uitert] 550 (Au) 
Spine l 
cervical myelopathy due to ossification of postè- 
rior longitudinal ligament [Murakami] 33 (Ja) 
dominant spinopontine atrophy, 2 additional 
members of family W [Pogacar] 156 (Mr) 
spinal cysticercosis [Firemark] 250 (Ap) 
Spondylarthritis Ankylopoietica see Spondyitis, 
‘Ankylosing 
Spondylitis, Ankylosing 
computerized tomography, adjunct to early diag- 
nosis in cauda equina syndrome of [Kramer] 
116 (Fe) 
Spondylosis 
cervical spondylotic myelopathy (letter) [Kaplan] 
(reply) [Kasdon] 772 (No) 
Stains and Staining 
Gomori’s trichrome stain, its use with myelin 
. sheaths [Grunnet] 692 (Oc) | 
Stimulation, Acoustic see Acoustic Stimulation 
Stimulation, Electric see Electric Stimulation 
Streptococcal Infections 
acute encephalopathy, 
[Hodson] 43 (Ja) 
group B, meningitis associated with CSF fistula 
[Lentnek] 114 (Fe) 
subarachnoid hemorrhage complicating acute 
poststreptococcal glomerulonephritis [DeBeu- 
kelaer] 473 (Jy) 
Stroke see Cerebrovascular Disorders 
Subacute Sclerosing Panencephalitis 
substantial spontaneous long-term improvement 
in, 6 cases from Middle East, literature review 
[Risk] 494 (Au) 


cryoglobulinemia and 
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Subarachnoid Hemorrhage 

complicating acute poststreptococcal glomerulo- 
nephritis [DeBeukelaer] 473 (Jy) 

experimental, influence of head position on prog- 
nosis of [Hayakawa] 206 (Ap) 

hemorrhagic complications of cerebral arteritis 
(letter) [Gilbert] 396, (reply) [Edwards] 397 
(Je) 

prognostic factors in survival of 1,484 stroke 
cases observed for 30 to 48 months [Abu-Zeid] 
I. diagnostic types and descriptive variables, 
121 (Mr); II. clinical variables and laboratory 
measurements, 213 (Ap) 

Subarachnoid Space 

external hydrocephalus, early finding in congen- 
ital communicating hydrocephalus [Robertson] 
541 (Au) 

Subdural Effusion see Meningitis 

Subdural Space see Meninges | 

Substantia Gelatinosa see Spinal Cord 

Substantia Nigra 

and locus ceruleus, protein-rich cytoplasmic 
bodies of, parkinsonian and normal brain 
compared [Issidorides] 633 (Oc) 

Sulfatidosis see Leukodystrophy, Metachromat- 
ic 

Syringomyelia 

anterior cervical arachnoid cyst simulating, case 
with preceding posterior arachnoid cysts 
[Herskowitz] 57 (Ja) 


T 


Taeniasis see Cysticercosis 

Task Performance and Analysis 

changes in symptoms of neglect induced by 
changing task strategy [Heilman] 47 (Ja) 

Temporal Arteritis 

normal sedimentation rate in (letters) [Wein- 
traub] 183 (Mr), [Newman] 620 (Se) 

Temporal Lobe 

human brain, cytoarchitectonic left-right asym- 
metries in temporal speech region [Galaburda] 
812 (De) 

Tendons 

syndrome of "continuous muscle fiber activity" 
[Lütschg] 198 (Ap) 

Tetraplegia see Quadriplegia 

Thalamus 

failure of downward gaze, site and nature of 
lesion [Halmagyi] 22 (Ja) 

neurological model for childhood autism [Dama- 
sio] 777 (De) | 

sensorimotor stroke and thalamocapsular ischem- 
ia (letter) [Lapresle] 549 (Au) 

Thiamine 

thermolability in Wernicke’s encephalopathy 
[Lipton] 750 (No) 

Thigh 

menstrual meralgia (letter) [Massey] 549 (Au) 

Thromboembolism 

transient emboligenie aortoarteritis, new entity 
in young stroke patients [Wickremasinghe] 416 
(Jy) 

Thymus-Dependent Lymphocytes see T-Lym- 
phocytes 

Thymus Gland 

binding of iodine 125 a-bungarotoxin to, in mice 
[Ohshima] 31 (Ja) 

in infants with perinatal telencephalie leukoen- 
cephalopathy [Leviton] 377 (Je) 

Thymus Hyperplasia 

autoreactivity between lymphocytes and thymus 
cells in myasthenia gravis [Opelz] 413 (Jy) 

Togaviruses see Arboviruses 

Tolosa-Hunt Syndrome 

arteriographic evidence of improvement in carot- 
id narrowing [Takeoka] 219 (Ap) 

Tomography, Computerized Axial 

acute encephalopathy, streptococcal infection, 
and cryoglobulinemia [Hodson] 43 (Ja) 

acute multiple sclerosis with contrast-enhancing 
plaques [Lebow] 435 (Jy) 

adjunct to early diagnosis in cauda equina 
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Tomography, Computerized Axial—Continued 
syndrome of ankylosing spondylitis [Kramer] 
116 (Fe) 

and auditory-evoked potentials, diagnosis of 
olivopontocerebellar degeneration [Gilroy] 143 
(Mr) 

and cerebral scintigraphy in leukodystrophy, 2 
boys presumably suffering from lysosomal 
disease [Willemse] 603 (Se) 

arachnoid cyst and associated subdural hemato- 
ma, diagnosis by conventional roentgeno- 
graphs and [LaCour] 84 (Fe) 

complications (letter) [Imbus] 620 (Se) 

cranial, and Marie's ataxia [Aita] 55 (Ja) 

cranial and multiple sclerosis, contrast-enhanc- 
ing lesions (letter) [Aita] 183 (Mr) 

cranial, controlled use of [Freemon] 129 (Mr) 

developmental dyslexia, evidence for subgroup 
with reversal of cerebral asymmetry [Hier] 90 
(Fe) 

effect of size, histologic elements, and water 
content on visualization of cerebral infarcts, 
cranial tomographic study [Alcala] 1 (Ja) 

enhanced imaging of active multiple sclerosis 
[Sears] 426 (Jy) 

external hydrocephalus, early finding in congen- 
ital communicating hydrocephalus [Robertson] 
541 (Au) 

leukoencephalopathy in oculocraniosomatic neu- 
romuseular disease with ragged-red fibers, 
mitochondrial abnormalities demonstrated by 
[Bertorini] 643 (Oc) 

lissencephaly (agyria) syndrome in siblings [Gar- 
cia] 608 (Se) 

neonatal paroxysmal monorhythmic alpha activi- 
ty [Knauss] 104 (Fe) 

normal pressure hydrocephalus, recognition and 
relationship to neurological abnormalities in 
Cockayne’s syndrome [Brumback] 337 (Je) 

posterior fossa subdural hematomas in neonates 
[Blank] 108 (Fe) 

speech arrest in dextral with right mesial frontal 
astrocytoma [Caplan] 252 (Ap) 

study of hypertensive intracerebral hemorrhage 
[Wiggins] 832 (De) 

Torticollis 

spasmodic, modification by apomorphine, possi- 
ble role of dopamine autoreceptors [Tolosa] 459 
(Jy) 

Torulosis see Cryptococcosis 

Trachea 

hypersomnia-sleep apnea due to micrognathia, 
reversal by tracheoplasty [Weitzman] 392 (Je) 

Trauma see Wounds and Injuries 

Trisomy 

13-15 mosaicism, cebocephalus associated with 
[Lorch] 163 (Mr) 

Tuberculoma 

tuberculous brain abscess, case report, literature 
review [Whitener] 148 (Mr) 

Tuberculosis, Meningeal 

tuberculous brain abscess, case report, literature 
review [Whitener] 148 (Mr) 

Tuberculosis, Spinal 

tuberculous epidural abscess without osteomyeli- 
tis (letter) [Berger] 397 (Je) 

Twins 

monozygotic, with presumed metachromatic leu- 
kodystrophy, activity of arylsulfatase A in 
serum of patients and family [Hashimoto] 689 
(Oc) 


U 


Unconsciousness 

auditory nerve and brain stem responses, 
comparison in awake and unconscious subjects 
[Sohmer] 228 (Ap) 

prognostie factors in survival of 1,484 stroke 
cases observed for 30 to 48 months, clinical 
variables and laboratory measurements [Abu- 
Zeid] 213 (Ap) 

US Veterans Administration 

survival after spinal cord trauma, life table anal- 
ysis [Mesard] 78 (Fe) 


V 


Vaccination Encephalitis see Encephalitis, 
Post-Vaccinal 

Valproate Sodium 

special permission to use in epilepsy, 120 (Fe) 

Valproic Acid 

approved for petit mal epilepsy, 479 (Jy) 

Van Bogaert’s Leukoencephalitis see Subacute 
Sclerosing Panencephalitis 

Varicella see Chickenpox 

Vascular Diseases 

recurrent disseminated 
[Poser] 166 (Mr) 

Vasculitis 

acute encephalopathy, streptococcal infection, 
and cryoglobulinemia [Hodson] 43 (Ja) 

isolated benign cerebral [Snyder] 612 (Se) 

Veins 

intracerebral venous angioma, case report and 
review [Sarwar] 323 (My) 

Verbal Behavior 

changes in symptoms of neglect induced by 
changing task strategy [Heilman] 47 (Ja) 

Vestibular Apparatus 

internuclear ophthalmoplegia, pursuit, optokinet- 
ic nystagmus, and vestibulo-ocular reflex 
[Baloh] 490 (Au) 

Vestibular Function Tests 

forced downward ocular deviation, occurrence 
during oculovestibular testing in sedative- 
induced coma [Simon] 456 (Jy) 

pseudocaloric nystagmus [Becker] 93 (Fe) 

Veterans Administration see US Veterans 
Administration 

Vision see also Visual Perception 

normal binocular, electrical correlates of [Ellen- 
berger] 834 (De) 

Visual Pathways 

pattern shift visual evoked responses, 200 
patients with optic neuritis and/or multiple 
sclerosis [Shahrokhi] 65 (Fe) 

visual evoked spectrum array and interhemis- 
pheric variations [Celesia] 678 (Oc) 

Visual Perception 

visuospatial judgment, clinical test [Benton] 364 
(Je) 

Vitamin B 1 see Thiamine 


Ww 


vasculomyelinopathy 


Waldenstrom’s Macroglobulinemia see Macro- 
globulinemia 

Water-Electrolyte Balance 

effect of size, histologic elements, and water 
content on visualization of cerebral infarcts, 
computerized cranial tomographic study 
[Alcalá] 1 (Ja) 

Wernicke’s Encephalopathy 

thermolability in [Lipton] 750 (No) 

West Syndrome see Spasms, Infantile 

Wilson’s Disease see Hepatolenticular Degen- 
eration 

Wounds and Injuries 

traumatic and postoperative lesions of lumbosa- 
eral plexus [Stoehr] 757 (No) 

Wounds, Nonpenetrating 

behavioral sequelae of closed head injury, quanti- 
tative study [Levin] 720 (No) 


X 


X-Ray, Diagnostic see Radiography 

Xenon 

133, normal and abnormal patterns of cerebro- 
vascular reserve tested by inhalation of 
[Meyer] 350 (Je) 

Xenon Radioisotopes 

regional cerebral blood flow in aphasia [Soh] 625 
(Oc) 

XYY Karyotype see Sex Chromosome Abnor- 
malities 


Z 


Zarontin see Ethosuximide 
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How Can You Help to Improve 


Your Community's Emergency Preparedness? 


Consult these AMA Emergency Medical Care publications. 





What happens when a medical emergency occurs in 
your community? Is your hospital prepared? Does 
your airport have adequate emergency facilities? 
How can you help to improve your community's 
emergency medical services? 


These publications from the AMA's Department of 
Emergency Medical Services focus on setting up 
effective emergency care programs. ..in an entire 
hospital...in the hospital's emergency department... 
in an airport. ..within the community. You will 

find guidelines which will help you to develop work- 
able solutions to your community's particular 
emergency medical problems. 


TO ORDER: Write Order Department, American 
Medical Association, 535 N. Dearborn St., Chicago, 
IL 60610. Please specify title, OP number, and 
include payment with your order. 


PUBLICATIONS 


Categorization of Hospital Emergency Capabilities 
(OP-387) $.55 

The Commission on Emergency Medical Services of the 
AMA sets forth recommended guidelines for four cate- 
gories of hospital emergency services for adults, chil- 
dren and infants, including newborns, that could function 
in community systems of emergency medical capa- 
bilities. 


Emergency Department--Handbook for Medical Staff 
(OP-131 $2.00 

How can the emergency department be an effective 
area for medical education? What are its legal implica- 
tions? These and other related topics are explored in 
this manual which helps to establish workable solutions 
to problems in the emergency department. (Available 
November 1976) 


Developing Emergency Medical Services--Guidelines 
for Community Councils (OP-386) $.75 

In an effort to upgrade emergency medical care and 
reduce the number of needless accidental deaths, the 
AMA's Commission on Emergency Medical Services 
provides guidelines which deal with the establishment 
of community councils on emergency medical services 
and the various stages of developing good emergency 
medical services. 


Airport Emergency Medical Services 


(OP-085) $.85 

This new guide outlines the major functions of an emer- 
gency medical services plan, plus the key elements in 
providing such services, which should be common to all 
airports. Includes illustrations and appendices. 
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absorption of ergotamine in man. Eur J Clin Pharmacol 
7:213, 1974. 

2. Friedman AP: Chronic recurring headache: Principles of 
management and specific treatment. Primary Care 1:487, 
Sept 1974 

3. Brazeau P: Oxytocics: Oxytocin, prostaglandins, and ergot 
alkaloids, in Goodman LS, Gilman A (eds): The Pharmaċo- 


logical Basis of Therapeutics, ed 5. New York, Macmillan 
Publishing Co, Inc, 1975, pp 867-880. 


"4. Ryan RE: Cafergot-PB: A new oral preparation to abort 


migraine attacks. Clin Med 3:831. Sept 1956. 
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tablets do more than 


* with caffeine detectable plasma levels of 


ingested ergotamine reached twice as fast 


and higher peak plasma levels achieved' 


more complete, efficient absorption of 
ingested ergotamine'^ _ 
synergistic vasoconstriction?’ 


belladonna alkaloids help control the nause: 
and vomiting common in migraine?? 
pentobarbital relieves the tension found in 
most migraine patients^ 


in migraine complicated by 
tension and GI disturbances 


CAFERGOT P-B 


TABLETS: Gynergen® (ergotamine tartrate, USP) 1 mg; caffeine, 
USP, 100 mg; Bellafoline* (levorotatory alkaloids of belladonna, 

as malates) 0.125 mg; sodium pentobarbital. USP (Warning: May 

be habit forming) 30 mg. 


SUPPOSITORIES: Gynergen® (ergotamine tartrate. USP) 2 mg; 
caffeine, USP, 100 mg; Bellafoline* (levorotatory alkaloids of 
belladonna, as malates) 0.25 mg; pentobarbital. NF (Warning: May 
be habit forming) 60 mg; inactive ingredients: tartaric acid, NF, 
malic acid, lactose, USP. and theobroma oil. USP 





Contraindications: Peripheral vascular disease, coronary heart disease, hyper- 
tension, impaired hepatic or renal function, sepsis, and pregnancy. Hypersensi- 
tivity to any of the components. 


Precautions: Although signs and symptoms of ergotism rarely develop even e, . 
long term intermittent use of the orally or rectally administered drugs, care.shor 
be exercised to remain within the limits of recommended dosage. 


Adverse Reactions: Numbness and tingling of fingers and toes, muscle pains in 
the extremities, weakness in the legs, precordial distress and pain, transient 
tachycardia or bradycardia, nausea, vomiting, localized edema, and itching. 
Drowsiness may occur with Cafergot P-B. 

Adult Dosage: Ora//y—Two tablets at first sign of attack: if needed. 1 additional 
tablet every half hour until relieved (maximum. 6 per attack or 10 per week). 
Rectally—One suppository as early as possible in attack: second in 1 hour, if 
needed (maximum, 2 per attack or 5 per week). 


Overdosage: Symptoms include vomiting; numbness, tingling, pain and cyanosis 
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of the extremities associated with diminished or absent peripheral pulses; hyper- 


tension or hypotension; drowsiness, stupor, coma, convulsions and shock. 

A case has been reported of reversible bilateral papillitis with ring scotomata ina 
patient who received five times the recommended daily adult dose over a period 
of 14 days. Treatment consists of induction of emesis. gastric lavage, and 
catharsis; maintenance of adequate pulmonary ventilation: correction of hypo- 
tension; and control of convulsions. Treatment of peripheral vasospasm should 
consist of warmth, but not heat, and protection of the ischemic limbs. Vasodilator 
may be used with benefit but caution must be exercised to avoid aggravating an 
already existent hypotension. 


Before prescribing, see package insert k 
for full product information. 


SANDOZ PHARMACEUTICALS, EAST HANOVER. N.J. 07936 SANDOZ 
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